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Abstract

Lung cancer, particularly non-small cell lung cancer (NSCLC), remains a leading
cause of cancer-related death globally, and a significant number of patients deve-
lop brain metastasis (BM) as the disease progresses. The presence of BM, which
affects up to 60% of patients with NSCLC, is correlated with an unfavorable
prognosis and markedly decreased quality of life. Standard treatment options for
BMs, such as whole-brain radiation therapy and surgery, have displayed limited
efficacy in controlling disease progression, and they can cause significant neu-
rocognitive side effects. Stereotactic radiotherapy (SRT), including stereotactic
radiosurgery, fractionated SRT, and stereotactic body radiotherapy, represents an
advanced and precise approach for treating BM that minimizes damage to sur-
rounding healthy tissues. This review highlights recent advances in the appli-
cation of SRT for treating BM of NSCLC, focusing on its underlying biological
principles and mechanisms of action as well as the quality standards necessary for
effective SRT implementation. The ability of SRT to deliver substantial radiation
doses in a precisely targeted manner has resulted in better local tumor mana-
gement, fewer side effects, and increased patient survival rates. Future research is
crucial to improve SRT procedures and successfully incorporate them into
multimodal therapy plans for patients with NSCLC and BM.

Key Words: Lung carcinoma; Non-small cell lung cancer; Brain metastasis; Stereotactic
radiotherapy; Blood—brain barrier; Tumor microenvironment
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Core Tip: Stereotactic radiotherapy (SRT) offers a precise and effective treatment option for brain metastasis (BM) in
patients with non-small cell lung cancer (NSCLC), providing better local tumor control, fewer side effects, and improved
survival rates compared with the effects of traditional therapies. Integrating SRT with immunotherapy has displayed promise
in enhancing intracranial progression-free survival, but further research is needed to optimize treatment protocols and refine
multimodal therapy strategies for patients with NSCLC and BM.
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INTRODUCTION

Lung cancer remains a significant health issue globally, causing approximately 2 million new cases and 1.8 million
fatalities each year[1]. Non-small cell lung cancer (NSCLC) is the most common form of lung cancer, accounting for 85%
of all diagnosed cases[2]. Advanced NSCLC is associated with poor outcomes, as evidenced by 5-year survival rates of
only 15% and 5% for especially stage III and metastatic stage IV NSCLC, respectively[3]. Throughout disease progression,
as many as 60% of patients with NSCLC can experience central nervous system (CNS) involvement[4]. Brain metastasis
(BM) in patients with NSCLC is correlated with reduced overall survival, progression-free survival, and quality of life;
however, early detection has been demonstrated to improve patient outcomes[5]. BM occurs in nearly 50% of individuals
with advanced NSCLG, significantly affecting the overall morbidity associated with the disease[6].

BM is associated with several symptoms, such as headache, seizures, and changes in vision, speech, and/or per-
formance[7]. Prior research[8] indicated that these symptoms significantly decrease patients’ quality of life. Additionally,
BM associated with lung adenocarcinoma is correlated with poor prognoses, leading to an average survival of approx-
imately 15 months. Treatment options for BM are limited, typically including surgery, radiotherapy (RT), and
chemotherapy. The choice of treatment depends upon several factors, together with the patient’s general health and the
degree of metastasis[9,10].

Chemotherapy is an effective treatment for BM, with response rates in the brain similar to those reported in other
regions of the body[11]. Targeted systemic therapies are highly effective, especially in patients with driver mutations such
as EGFR and ALK-MET mutations, and they can effectively reach the CNS[11]. Although there are insufficient pro-
spective data to determine the best timing or combination of local therapies and systemic treatments for patients with
significant CNS involvement, retrospective studies suggest that initiating local interventions early could increase
intracranial progression-free survival[11,12].

The management of NSCLC with BM mostly consists of surgical intervention and RT[13]. Whole-brain RT (WBRT) and
stereotactic RT (SRT) are two forms of RT. SRT includes various techniques, such as fractionated SRT (FSRT), stereotactic
body RT (SBRT), and stereotactic radiosurgery (SRS)[14]. Currently, most patients typically receive SRT, whereas
individuals with a significant disease load receive WBRT([15]. SRT facilitates superior local control with little toxicity[16,
17].

This study examined the clinical effectiveness of SRT and the underlying mechanisms in patients with lung cancer and
BM. This study compared recent improvements in SRT procedures with traditional treatments to assess the effects of SRT
on local control, side effects, and survival rates. This research also explored the integration of SRT with systemic
medications to develop a comprehensive and successful treatment plan for patients with NSCLC.

SRT

Currently, the standard treatment for patients with limited BMs involves a combination of surgery and postoperative RT
[18,19]. For individuals with an asymptomatic BM lesion, those with multiple BMs, or those ineligible for surgery because
of comorbidities or challenging anatomical lesion locations, standalone RT is also considered[20]. Nevertheless, several
studies reported no substantial difference in patient outcomes between RT alone and postoperative RT in terms of local
disease management and overall survival[21,22]. SRT is currently recommended by the World Health Organization for
the treatment of both malignant and benign tumors, in addition to neurological and vascular diseases. This treatment is
especially suitable for certain difficult-to-treat or inoperable tumors, such as malignant brain tumors (e.g., glioblastoma,
metastatic brain tumors), spinal tumors, lung cancer, liver cancer, and pancreatic cancer[23]. For benign tumors, such as
meningioma, pituitary adenoma, and acoustic neuroma, SBRT can also effectively control tumor growth and avoid
surgical risks[24]. This treatment method is widely used for tumor control and symptom relief, as it targets the tumor
with precise radiation beams and minimizes damage to surrounding healthy tissues. SRT has become part of regular
practice in the radiation oncology field, and it is used outside of clinical trials and specialist academic institutions[25]. The
three forms of SRT (SRS, FSRT and SBRT) are distinguished by their indications, fractionation, and quality standards[26].
WBRT has traditionally been the primary method used because of its ability to rapidly address both apparent and hidden
lesions[27]. WBRT plays a significant role in managing numerous brain lesions, enhancing both endemic and remote CNS
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tumor management. However, WBRT is associated with several adverse effects, including cognitive issues such as
drowsiness and memory loss, decreased physical ability, diminished appetite, and increased fatigue[28,29]. Additionally,
irradiation can cause radiation necrosis in the healthy brain parenchyma[30]. Consequently, the implementation of RT
has recently transitioned to the use of less hazardous methodologies, such as SRT, which have led to increased cognitive
preservation[31].

SRS

As noted by Topkan et al[32], SRS is an effective technique that allows a substantial dose of radiation to be precisely
directed to a well-defined target in a single session. This ablative and focused strategy works similarly to surgical
resection while causing less damage. SRS is the best treatment option for small BMs, and it is a good option when surgery
is not possible, such as in cases in which metastases are located in deep or delicate brain areas and they cannot be
removed or a patient has other health problems that preclude surgery[33-35]. Linear accelerators, CyberKnife®, and
GammaKnife are the most widely utilized technologies for the radiosurgical treatment of BMs[36,37]. Schmitt et al[38] and
Vellayappan et al[39] used SRS to treat BMs next to the optic nerve, brainstem, or other delicate brain structures, and they
demonstrated that this approach had a better toxicity profile than other RT methods.

FSRT/MULTIFRACTION STEREOTACTIC RT

FSRT/multifraction stereotactic RT (MFSRT) is a viable approach for the management of extensive postoperative cavities
after the excision of a BM[20]. This method divides radiation doses to increase the biologically effective dose (BEDs)
delivered to the target lesion while simultaneously minimizing the risk of radiation necrosis in adjacent healthy brain
tissue[40]. Researchers have treated patients with numerous BMs with three to five FSRT treatments[41]. FSRT/MFSRT is
often used to treat lesions adjacent to vital regions, such as the brainstem[15,20]. Establishing the precise radiation doses
administered by MFSRT remains difficult owing to the absence of prospective studies. Studies comparing RT approaches
indicated that MFRST causes much lower rates of radiation necrosis (0%-8%) than SRS (13%-30%)[20]. Research reported
that the 1-year local control rate after MFSRT alone varies between 65% and 96%[15,20]. According to Perlow et al[42],
FSRT/MFSRT can provide therapeutic efficacy and cause few side effects when used after surgery. Additionally, FSRT/
MFSRT can be used as an initial treatment before surgery.

Moreover, this method has been substantially applied clinically because it induces a lower rate of side effects and a
higher rate of local control than SRS. Putz et al[43] reported that FSRT/MFSRT had different biological effectiveness than
SRS. Although hypoxic tumor cells can persist after SRS, reoxidation-based FSRT/MFSRT achieves superior tumor
control rates. Patients who undergo FSRT or MFSRT might not benefit from the SIR model because of this[44]. The
development of prognostic indicators for patients with NSCLC who are receiving FSRT/MFSRT to treat brain oligometa-
stasis is extremely important. The size of the metastatic lesion and the radiation dose are the new foci of prognostic
research for FSRT/MFSRT in patients with oligometastasis[45]. Although several studies suggested different BEDs for
radiation, there is no universally accepted technique for evaluating the extent of the tumor, radiation dosage, or
fractionation schemes[46]. Consequently, it is essential to develop and improve prediction indices to assess the efficacy of
treatment for patients with NSCLC and brain oligometastasis who are undergoing FSRT/MFSRT.

SBRT

SBRT integrates various technologies and methods, such as 3D conformal radiation, intensity-modulated RT, image
guidance, motion management, and stereotactic precision. However, the hallmark of SBRT is the application of a high,
ablative, or nearly ablative dose in a limited number of treatment sessions (i.e., five or fewer fractions)[47]. Although the
technologies and procedures used in the implementation of SBRT are intriguing, the primary purpose of this strategy is to
administer a compact dosage precisely to a designated target possessing steep slopes in all directions, a technique known
as geometric avoidance[48]. In contrast to traditional RT, which leverages the difference in healing between neoplastic
and healthy tissues after RT to achieve a therapeutic benefit, SBRT primarily aims to target the tumor while ideally
completely sparing the surrounding normal tissue[49]. Thus, this method markedly differs from traditional RT, which
often affects extensive areas of healthy tissue[50].

BIOLOGICAL PRINCIPLES OF SRT

SRS was originally designed to treat a range of cranial disorders opposed to being specifically intended for the treatment
of brain tumors. In the late 1960s, SRS was successfully used to treat arteriovenous malformations (AVMs), which are
congenital vascular defects in which blood flows directly from arteries to veins without passing through capillaries.
AVMs are characterized by poorly developed blood channels, which are highly radiosensitive. A single SRS dose of
15-25 Gy obliterates 80%-90% of small AVMs, indicating early success in the use of SRS for treating abnormal vascular

WJR | https://www.wjgnet.com 3 August 28,2025 | Volume17 | Issue8 |

Jaishideng®



Khan A et al. SBRT for NSCLC brain metastasis

structures[50-52]. This success facilitated the use of SRS in the treatment of brain tumors and metastases[53].

MECHANISM BY WHICH SRT CONTROLS METASTASIS

The tumor microenvironment (TME) is critical at every phase of metastasis, as it shapes tumor growth, progression, and
spread to distant sites[54] (Figure 1). BM is common in lung cancer, as cancer cells can infiltrate the brain parenchyma by
crossing the blood-brain barrier (BBB), disrupting its defense mechanism[4,55,56]. Reactive gliosis triggers changes in
astrocytes that accelerate BM growth and reduce sensitivity to chemotherapy. Additionally, various TME cells are
reprogrammed to facilitate cancer spread; for example, tumor-associated macrophages, especially the M2 subtype,
promote angiogenesis and immune suppression[57-59].

Tumor spread is influenced by factors such as blood flow, proximity, and the TME. Key processes include tumor cells
crossing the BBB and undergoing epithelial-mesenchymal transition, enabling tumor cell detachment and invasion.
Markers, such as CXCL12/CXCR4, E-cadherin, and MMP-9, and pathways, such as the EGFR/ERK and VEGF pathways,
play important roles in metastasis. Noncoding RNAs, including specific microRNAs (e.g., miRNA-200, miRNA-378) and
IncRNAs (e.g., MALAT1), contribute to metastatic adaptation in the brain by regulating the expression of tumor
suppressor genes and oncogenes[60].

In NSCLC, dendritic cells (DCs) suppress T lymphocyte proliferation through regulatory T cells (Tregs), and tumor-
associated neutrophils can shift to protumoral N2 phenotypes, contributing to extracellular matrix remodeling and
immune evasion[61,62]. RT has complex effects on TME cells that potentially influence both treatment response and
resistance. RT increases immune activation by increasing natural killer (NK) cell and CD8* T lymphocyte cytotoxicity and
promoting M1 macrophage differentiation while reducing Treg infiltration[63,64]. DCs also become more active in
response to RT, increasing MHC molecule expression and triggering immune responses[65].

Nonetheless, RT stimulates the secretion of TGF-f, thus facilitating tumor invasion and immune evasion. In addition,
inflammatory cytokines produced by CD8* T cells and NK cells, such as tumor necrosis factor-alpha, interferon-gamma
(IFN-y), and interleukin-2, help establish a pro-apoptotic environment, potentially increasing the ability of the immune
system to target cancer cells[34,66]. Tregs, which are resistant to radiation, impair CD8" T-cell activity and support cancer-
associated fibroblast differentiation and antiapoptotic signaling. High-dose hypofractionated stereotactic RT (HSRT) can
counteract these processes by increasing CD8* T-cell activity and reducing TGF-p secretion[67,68].

PD-L1 expression is another critical factor in the TME. Cancer cells often exploit PD-L1/PD-1 pathways to evade
immune responses by inhibiting cytotoxic T lymphocytes (CTLs)[69]. In lung cancer with BM, the number of PD-
L1-positive tumor-infiltrating cells is decreased, thereby reducing the efficacy of PD-L1 inhibitors compared with their
efficacy in primary lung tumors[70]. RT increases PD-L1 expression in tumor cells, potentially facilitating immune
evasion. However, this increase in PD-L1 expression could also increase the responsiveness of tumors to PD-L1-targeting
treatments when used alongside RT[71]. High PD-L1 expression, especially in tumors with a high tumor mutational
burden (TMB), generally increases the effectiveness of immunotherapies, such as nivolumab and pembrolizumab[72].
Conversely, NSCLC tumors with EGFR or ALK mutations have a lower TMB and PD-L1 expression, making them less
responsive to these therapies[73].

Radiation also affects macrophage polarization, thus influencing tumor growth. Some studies revealed that low-dose
radiation (10 Gy) increases the number of M1 macrophages while reducing the number of M2 macrophages and
activating prosurvival pathways[74,75]. Modest radiation doses can increase IFN-y expression, enhancing lymphocyte
mobility and tumor-fighting abilities by upregulating MHC I and VCAM-1[76,77]. However, radioresistant tumors can
block CTL infiltration, although RT-induced TLR upregulation and DAMP exposure increase CTL cytotoxicity[78].
During HSRT, high radiation doses increase immune-stimulating antigen production, further enhancing antitumor
immunity[34].

The regulation of inflammation in the TME remains critical, as COX-2 overexpression promotes tumor growth and
radioresistance. COX-2 inhibition can sensitize cancer cells to radiation, with some evidence suggesting improved
survival in patients with breast or lung cancer[79,80]. However, hypoxia, which is driven by HIF-1 and VEGF, compli-
cates the efficacy of RT. Inhibiting VEGF and related pathways using drugs such as cediranib might increase the response
to RT by minimizing hypoxic cell involvement[81,82] (Figure 2). Understanding and modifying these TME interactions
are crucial to counteract tumor-induced immunosuppression and optimize the efficacy of RT and systemic therapies,
thereby improving both disease management and survival outcomes[83].

QUALITY REQUIREMENTS FOR SRT

SRS demands greater targeting precision, a sharply defined dose gradient, and rigorous dose verification, differing from
other forms of RT[84]. Three main factors affect positioning accuracy in SRS[85].

Mechanical precision
Modern SRS systems have sub-millimeter mechanical accuracy, which is crucial for precisely targeting small areas[86].

Imaging accuracy
CT offers high-resolution, low-distortion imaging. Conversely, magnetic resonance imaging often requires thicker slices
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adaptation and growth in new environments such
as the brain. This pathway is
involved in resistance to some therapies, and
it supports tumor cell invasion and metastasis

Figure 1 Molecular mechanisms driving organotropism and brain metastasis. VEGF: Vascular endothelial growth factor; BBB: Blood-brain barrier.

for better signal quality, leading to potential distortions. Although 1.5T MR systems maintain distortion within approx-
imately 0.5 mm, 3T MR systems require careful assessment to manage distortion for SRS[87-89].

Patient movement

During intracranial SRS, a fixed stereotactic frame is used to stabilize the head, whereas frameless SRS systems face
challenges from involuntary movement. Modern SRS devices are equipped with monitoring systems to limit or adjust for
movements within a sub-millimeter range[90,91].

The goal of SRS is to deliver steep dose gradients to exert maximum effects on targeted lesions[32,92]. High-dose-per-
fraction strategies in fractionated therapy improve machine efficiency and patient throughput. Radiosurgery devices
achieve precise dose distributions through different techniques. The GammaKnife converges approximately 200 beams at
a focal point. Novalis uses a gantry that moves along multiple arcs, and CyberKnife delivers photons from various
directions to create nonisocentric dose patterns[93,94].

Given the intense, localized doses that are administered in SRS, dose verification is essential to minimize the risk of
tissue damage[95]. Elative dose distributions are accurately measured, and radiochromic films are often used for absolute
dose quantification. In GammaKnife planning systems, the 1 mm/3% criterion typically yields gamma index values
exceeding 97 %, highlighting its precision. Accurate absorbed dose measurements, particularly with smaller fields, are
critical for SRS applications[96-98].
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Figure 2 Biological activity of stereotactic radiotherapy in the treatment of brain metastasis.

EFFECTIVENESS OF SRT

The outcomes of SRT for BM treatment have been frequently reported across various populations. The key factors that
influence prognosis include age, the number of metastases, the presence of extracranial metastases, and the Karnofsky
Performance Status. According to the diagnosis-specific Graded Prognostic Assessment, patients with BM generally have
a poor prognosis, with a median survival of 3-15 months[99,100]. Table 1 presents findings from various studies that
assessed the effectiveness of SRT compared with that of WBRT.

LIMITATIONS AND FUTURE DIRECTIONS

For larger BMs (greater than 2 cm in diameter), SRS is being used more frequently alongside conservative approaches[18].
Patients typically exhibit prominent neurological symptoms and potentially experience vasogenic edema or mass effects,
which frequently necessitate immediate surgical intervention. After achieving gross total resection, postoperative SRS at a
median dose of 15 Gy has been associated with increased local control and overall survival in patients with tumors
averaging 8.7-9.6 mL in volume[101-103]. However, SRS is associated with some risks, including potential neurological
issues because of extensive resection and symptomatic radionecrosis, particularly with a large target volume margin
(> 1.0 mm)[104]. A study on NSCLC revealed that a gross tumor volume greater than 15 mL is a primary predictor of
local recurrence[103]. Additionally, the rates of radionecrosis increase substantially when more than 10 mL of healthy
brain tissue receives 12 Gy, with rates reported between 15% and 55%[17]. To reduce this risk, FSRS, such as that with
V12 volumes exceeding 8.5 mL and doses of 30 Gy over five fractions or 27 Gy over three fractions, is advised, especially
for treating metastases near critical brain areas[103].

Radiation necrosis remains a notable risk of SRS, particularly in cases involving large treatment volumes[105]. This
condition can appear 1 to 2 years post-treatment, and it is often indicated by radiographic changes or symptoms such as
headaches, drowsiness, seizures, and death in severe cases[106]. Recent studies investigated the combination of SRS with
immunotherapies and targeted therapies, focusing on the potential synergistic benefits of pairing SRS with immune
checkpoint inhibitors[107-109].

CONCLUSION

SRT represents a significant advancement in treating BMs in patients with NSCLC. This technique increases precision and
minimizes collateral damage to surrounding brain tissue, thereby improving local control and extending patient survival.
To maximize the benefits of SRT, further clinical studies are needed to refine the timing, radiation dosage, and
fractionation protocols. Future research efforts should focus on improving predictive metrics and identifying biomarkers
to develop tailored, personalized treatment for patients with lung cancer BMs. Additionally, exploring emerging techno-
logies, such as advanced imaging techniques or novel RT methods, holds great potential for improving the effectiveness
of SRT. Areas that require further clinical validation include the combination of SRT with other treatment modalities or
the optimization of fractionation schedules, as such advancements could significantly enhance patient outcomes. By
outlining these potential research directions, this paper can serve as a guide for future work in the field, encouraging
further exploration and development to optimize efficacy and expand treatment indications.
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Table 1 The use of stereotactic radiotherapy to treat brain metastasis of lung cancer and its effectiveness compared with whole-brain

radiotherapy
v AT q - Concludin
Ref. Objective Dosage Key findings Effectiveness Toxicity g
remarks
Luoetal[97]  Local and cerebral 27 Gy in three Local control rate =78.7%, Effective for local ~ Acute Suitable for patients

Fessart et al
[99]

Guo et al
[100]

Gunnarsson
et al[101]

Hashmi et al
[102]

control in NSCLC
patients treated with
CyberKnife™ SRT

Survival predictors
in patients with lung
cancer and BM

Palliative RT for BM
and quality of life

Effectiveness of SRT
in patients with lung
cancer and BM

Cognitive deteri-
oration in SRS vs SRS
+ WBRT patients

fractions (69%),
18-25 Gy in one
fraction (18%), 30 Gy
in five fractions (9%)

Single 20-Gy fraction
for SRT, 7-10

Gy/ fraction for
HFSRT

WBRT = 30 Gy for 10
fractions,

SRS = 20 Gy single
fraction

BED 10 SRT 250 Gy

SRS = 20-24 Gy, SRS
+ WBRT = 18-20 Gy
(SRS) + 30 Gy
(WBRT)

cerebral control
rate = 43%, median overall
survival = 10.1 months

Disease control rate = 84%,
median overall
survival = 6.1 months

Response rate = 50%-75%,
neurological improvement
rate =75%

Median overall
survival = 19 months

Cogpnitive deterioration:
63.5% (SRS) vs 91.7% (SRS
+ WBRT), median survival
=10.4 months (SRS),

7.4 months (SRS + WBRT)

control, minimal
toxicity

Effective with
better control than
WBRT

Improves quality
of life, better than
WBRT alone

Effective with
controlled
extracranial
disease

SRS alone results
in less cognitive
decline

toxicity =17%,
severe toxicity =
2%

Grade IIT-1V
toxicity = 4%

Short term:
Neurological
symptoms; long
term: Memory
loss

No marked
toxicity difference

Cognitive deteri-
oration

with few BMs, close
follow-up is needed

Well-tolerated,
patient selection is
key

Treatment should be
individualized
according to patients’
conditions

SRT is effective,
particularly with
stable extracranial
disease

SRS preferred for
minimizing cognitive
decline without
impacting survival

NSCLC: Non-small cell lung cancer; BM: Brain metastasis; SRT: Stereotactic radiotherapy; SRS: Stereotactic radiosurgery; WBRT: Whole-brain

radiotherapy; HFSRT: Hypofractionated stereotactic radiotherapy; BED: Biologically effective dose.
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Abstract

Diverticulitis is an infection of the diverticular sacs protruding from the intestinal
wall. It typically presents as elevated inflammatory markers and left lower
quadrant abdominal pain. Although clinical symptoms and biomarkers are es-
sential for diagnosis, imaging methods, particularly computed tomography (CT),
are critical due to the inability to perform endoscopic procedures in the acute
phase because of the risk of perforation. Various classification systems that
include imaging findings have been developed. The most recent and widely
accepted system is the Sartelli classification, which is endorsed by the World
Society of Emergency Surgery. This classification describes stages of diverticulitis
ranging from edematous bowel wall thickening and phlegmon in the adjacent
mesentery to microperforation, localized or distant abscess formation, and
generalized peritonitis with free fluid and air. Imaging findings are also pivotal in
diagnosing and managing complications such as abscesses, pylephlebitis, fistulas,
and gastrointestinal bleeding. Moreover, imaging can differentiate diverticulitis
from infectious colitis, epiploic appendagitis, ischemic colitis, colorectal car-
cinoma, and inflammatory bowel disease. This review focuses on the radiological
findings of diverticulitis. We specifically discuss CT imaging and emphasize its
clinical manifestations, significant complications, and differential diagnosis.

Key Words: Diverticulitis; Computed tomography; Sartelli classification; Complicated
diverticulitis; Abscess; Peritonitis; Imaging in diverticulitis

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

August 28,2025 | Volume17 | Issue8 |


https://www.f6publishing.com
https://www.wjgnet.com/1949-8470
https://dx.doi.org/10.4329/wjr.v17.i8.107463
mailto:hilal.sahin1@sbu.edu.tr

Simsar M et al. Radiological insights into diverticulitis

Core Tip: Abdominal pain is one of the most common complaints leading to emergency department visits. A significant
proportion of patients presenting with elevated inflammatory markers are diagnosed with diverticular disease, including
diverticulitis and its complications. A standardized classification system and computed tomography imaging are crucial for
ensuring accurate diagnosis and appropriate treatment. This review provides a comprehensive overview of the imaging
findings, classification, and complications of diverticulitis.

Citation: Simsar M, Yuruk Y'Y, Sahin O, Sahin H. Radiological insights into diverticulitis: Clinical manifestations, complications, and
differential diagnosis. World J Radiol 2025; 17(8): 107463
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INTRODUCTION

Intestinal diverticula are pouches involving the mucosa, submucosa, and muscular layers of the intestinal wall. Pseudodi-
verticula are associated with advanced age and formed by the protrusion of the mucosa and submucosa through the
circular muscle layer of the colon[1]. The term diverticulosis refers to asymptomatic pseudodiverticula, while diver-
ticulitis denotes diverticula accompanied by inflammation. Diverticulitis may present as a complicated (e.g., associated
with abscess, fistula, stricture, perforation, or peritonitis) or uncomplicated form. Collectively, these conditions are
encompassed under the broader classification of diverticular disease[2].

The annual incidence of colonic diverticulitis in the United States is 209 cases per 100000 individuals[3]. Although the
pathophysiology of diverticular disease has not been clearly defined, factors such as fiber deficiency and microbiota are
thought to play a role in the onset of the disease. The fiber content in the diet influences the size and consistency of stool.
Without enough fiber intraluminal pressure can increase causing the herniation of the colonic mucosa through weak
areas in the muscular layer. Other factors, such as altered neuromuscular activity and genetics, also contribute to the
development of diverticular disease[4]. The retraction and entrapment of submucosal blood vessels within the diverticula
combined with fecal obstruction of the diverticular orifice promote bacterial overgrowth and prolonged exposure within
the lumen. These events initiate ischemic processes that heighten the risk of inflammation, thereby leading to the onset of
diverticulitis[5].

The clinical recognition of acute colonic diverticulitis (ACD) can be challenging because left lower quadrant pain,
leukocytosis, and fever are common symptoms. Radiology is crucial in differentiating diverticulitis from other diseases
with similar findings and guiding treatment decisions, including conservative management, percutaneous drainage, and
surgical intervention[6].

LITERATURE REVIEW

A structured literature review was conducted using the PubMed, Scopus, and Web of Science databases between January

”oou

and June 2025. The following MeSH terms and keywords were used: “Diverticulitis”, “complicated diverticulitis”,
“Hinchey classification”, “Sartelli classification”, “Segmental colitis associated with diverticulosis”, “colorectal cancer”,
“deep learning”, and “computed tomography”. Studies published in English over the past decade were included to
reflect contemporary clinical practice and technological advancements. All computed tomography (CT) images used in
this review were retrospectively retrieved in anonymized form from the institutional Picture Archiving and
Communication System with approval from the local institutional review board. No identifiable patient information was

included.

RADIOLOGICAL TECHNIQUES AND PROTOCOL OPTIMIZATION

Diverticular disease is investigated through radiological imaging and endoscopic procedures. Although endoscopy can
provide valuable diagnostic information, its use is limited in cases of acute diverticulitis due to the risk of perforation and
bleeding[7]. At this point the role of radiology becomes crucial. Historically, barium enema studies were conducted.
Currently, ultrasound (US) and CT are preferred due to their ability to detect intraluminal and extracolonic pathologies
such as abscess formation[8].

US is typically the first-line imaging modality. It is a practical modality in situations where radiation exposure should
be avoided, such as during pregnancy and in patients who are lean. However, its diagnostic accuracy is dependent on the
experience of the operator, and its effectiveness is reduced when evaluating deep abdominal regions in patients with
obesity[7,9].

According to various meta-analyses, research studies, and systematic reviews, there are no statistically significant
differences in the sensitivity and specificity of US and CT. However, CT demonstrates clear superiority in identifying
complicated cases and detecting alternative or coexisting pathologies unrelated to diverticulitis. These advantages
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contribute to the ability of CT to provide comprehensive prognostic information[8,10,11].

Contrast-enhanced CT imaging in the portal venous phase is recommended. This approach is beneficial for assessing
complicated diverticulitis because CT grading after the initial episode is crucial for predicting prognosis. Contrast-
enhanced CT is superior to non-contrast studies in evaluating complicated cases. Additionally, the portal venous phase
efficiently detects complications such as pylephlebitis. If there is clinical suspicion of diverticular bleeding, arterial-phase
CT angiography is advised as it can localize the source of bleeding and reveal any structural causes. This information
helps guide catheter-based angiographic procedures. Oral contrast is generally not recommended due to limited
diagnostic benefits and the difficulty of administration. However, rectal contrast may be considered in suspected fistula
cases|7,12,13].

Advantages of magnetic resonance imaging (MRI) are the lack of ionizing radiation, superior soft tissue contrast, and
suitability for repeated imaging when necessary. MRI also offers significant advantages in special patient populations
such as pregnant individuals. In cases where US findings are inconclusive, particularly during pregnancy, there has been
a growing shift toward using non-contrast MRI as a second-line imaging modality[14]. However, MRI also has notable
limitations, including longer acquisition times, higher costs, and reduced availability in emergency settings when
compared with CT. While MRI has shown comparable sensitivity and specificity to CT in diagnosing ACD, further
studies are needed to establish its broader clinical utility[15].

In the existing literature the radiological features of diverticular disease have predominantly been described for CT due
to its rapid accessibility and widespread availability. Furthermore, most staging classifications are based on CT imaging.
This review primarily focused on the CT findings associated with diverticular disease.

ACUTE DIVERTICULITIS

In 1978, Hinchey et al[16] classified patients with acute diverticulitis into four stages based on intraoperative findings as
follows: Stage 1 represented pericolic phlegmon; stage 2 described intraabdominal abscess; stage 3 involved purulent
peritonitis; and stage 4 was characterized by fecal peritonitis resulting from a large perforation. With advancements in CT
technology and its increasing utilization over time, Kaiser et al[17] integrated imaging findings into Hinchey’s intraop-
erative classification and created the Modified Hinchey Classification in 2005. This modification introduced stage 0 and
subdivided stage 1 into 1A and 1B. Stage 0 was defined as colonic wall thickening in patients with clinical symptoms.
Stage 1A was defined as colonic wall thickening accompanied by pericolic phlegmon, and stage 1B was defined as colonic
wall thickening with an associated pericolic or mesocolic abscess.

The American Association for the Surgery of Trauma (AAST) developed the AAST grading system for ACD. This
classification provided more accurate guidance for surgical decision-making than the Hinchey classification. It yielded
similar predictive outcomes for complications and procedural interventions. The AAST grading system evaluated
patients clinically, radiologically, operatively, and pathologically to categorize disease severity from stage 1, representing
mild disease, to stage 5, indicating severe disease[18,19].

In 2015 the World Society of Emergency Surgery introduced the Sartelli classification, which is based on radiological
findings. According to this classification, patients are divided into two main groups: Complicated and uncomplicated.
Complicated cases are further categorized into four stages, with stages 1 and 2 subdivided into subgroups A and B[20].
The detailed staging criteria of the classification systems are presented in a comparative table (Table 1).

The staging systems for diverticulitis have specific advantages and limitations. Although the Hinchey classification
holds historical significance, it relies on intraoperative findings and lacks sufficient detail for imaging-based staging. The
Modified Hinchey system adapts these principles to include radiological use yet remains relatively simplistic. The AAST
classification combines clinical, radiological, and surgical factors to create a comprehensive classification system;
however, its complexity may limit its routine use. The World Society of Emergency Surgery endorses the Sartelli classi-
fication and provides a thorough CT-based approach for clinical staging. It is simpler than the AAST classification and is
easily applicable in routine emergency settings. This review presented the approach to acute diverticulitis primarily
through the framework of the Sartelli classification.

Acute uncomplicated diverticulitis (stage 0)

The thickening of the colonic wall with diverticula is defined as an increase in the density of the pericolic fat[20]. A
hallmark feature of ACD is the moderate focal thickening of the colonic wall accompanied by disproportionately
pronounced fat stranding. Additional indicative signs of the inflammatory process include mesenteric vessel
engorgement, commonly referred to as the centipede sign, and fluid accumulation at the root of the sigmoid mesentery,
known as the comma sign (Figure 1)[21-23].

The thickness of the colonic wall is determined by measuring the maximum distance perpendicular to the central axis
from the serosal to the mucosal surface, excluding extramural components such as abscesses and the lumen of the filled
bowel segment. In cases where the lumen cannot be identified, the total serosa-to-serosa distance is measured and
divided by two. The wall thickness is considered normal for a distended segment up to 3 mm and in a collapsed segment
up to 8 mm (Figure 2)[22,24,25].

Acute complicated diverticulitis

Diverticular inflammation in complicated cases is often associated with microperforation/perforation and abscess
formation. The Sartelli classification emphasizes imaging findings more than the Hinchey classification. It categorizes
complicated diverticulitis in stages 3 and 4 based on the presence of extraluminal gas and fluid either adjacent to or
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Table 1 Classifications in use for staging of acute diverticulitis

Modified Hinche e A
. I e J . WSES classification by Sartelli
Stage Hinchey classification[16] classification by Kaiser etal  AAST grade[18] etall20]
17
0 N/A Mild clinical diverticulitis N/A Uncomplicated diverticulitis
1 Pericolic abscess or phlegmon 1A: Confined pericolic inflam- Colonic inflammation 1A: Pericolic air bubbles or little
mation-phlegmon pericolic fluid without abscess
1B: Pericolic-mesocolic abscess 1B: Abscess <4 cm
2 Pelvic, distant intrabdominal, or ~ Pelvic, distant intraabdominal, or ~ Colon microperforation or pericolic ~ 2A: Abscess > 4 cm
retroperitoneal abscess retroperitoneal abscess phlegmon without abscess

2B: Distant air (> 5 cm from
inflamed bowel segment)

8 Generalized purulent peritonitis ~Generalized purulent peritonitis ~ Localized pericolic abscess Diffuse fluid without distant free
air (no hole in colon)

4 Generalized fecal peritonitis Generalized fecal peritonitis Distant and/or multiple abscesses Diffuse fluid with distant free air
(persistent hole in the colon

5 N/A N/A Free colonic perforation with N/A
generalized peritonitis

AAST: American Association for the Surgery of Trauma; WSES: The World Society of Emergency Surgery; N/A: Not applicable.

Figure 1 Acute uncomplicated diverticulitis. A: Axial contrast-enhanced computed tomography (CT) image showed engorgement of the mesenteric vessels,
a finding known as the centipede sign (orange arrow); B: Axial non-contrast CT image showed thickening and fluid collection of the left latero-conal fascia, a finding
known as the comma sign (yellow arrow).

distant from the inflamed bowel loop. In contrast the Hinchey classification differentiates these stages based on purulent
or fecal peritonitis. Sartelli et al[26] subdivided staging according to abscess size, using 4 cm as the threshold to
distinguish between stages 1B and 2A. These criteria aid clinicians in determining the appropriate treatment approach
and the most suitable intervention[16,20,26].

Stage 1A: Diverticular inflammation with microperforation without abscess formation and/or peritoneal involvement is
the defining characteristic of stage 1A. On CT imaging it appears as pericolic air pockets or a small amount of pericolic
fluid. In patients without evidence of distant air on CT, broad-spectrum antibiotic therapy is considered sufficient for

management (Figure 3A).

Stage 1B: Stage 1B is defined as the presence of an abscess with a diameter of less than 4 cm. Treatment options include
antibiotic therapy or percutaneous drainage (Figure 3B).

Stage 2A: Stage 2A is defined as the presence of an abscess with a diameter of more than 4 cm. Treatment options include
antibiotic therapy or percutaneous drainage (Figure 4A).

Stage 2B: Stage 2B is characterized by the presence of distant air located more than 5 cm from the affected colonic loop
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Figure 2 Measurement of colonic wall thickness. A: Axial non-contrast computed tomography (CT) image demonstrated right colonic diverticulitis with a
distinguishable lumen. The maximum colonic wall thickness was 9 mm (orange line); B: Coronal non-contrast CT image showed sigmoid colonic diverticulitis. Since
the lumen was not visualized, the serosa-to-serosa distance was measured at 30 mm (yellow double-sided arrow). Half of this distance was the estimated luminal wall
thickness, calculated as 15 mm.

Figure 3 Sartelli stage 1A and stage 1B diverticulitis. A: On contrast-enhanced axial computed tomography (CT) imaging, colonic wall thickening, fat
stranding, and pericolic air bubbles were observed in the sigmoid colon, consistent with Sartelli stage 1A diverticulitis (orange arrow); B: Contrast-enhanced axial CT
imaging revealed findings consistent with Sartelli stage 1B diverticulitis, including colonic wall thickening, pericolic fat stranding, and a fluid collection measuring
approximately 2.5 cm on the anterior aspect of the sigmoid colon, indicative of an abscess (yellow arrow).

without widespread peritoneal fluid. Although surgical intervention is generally preferred, conservative management
may be considered in selected cases (Figure 4B).

Stage 3: Stage 3 is defined as the presence of widespread fluid in at least two distant abdominal quadrants without free
air. Treatment typically involves peritoneal lavage and colonic resection (Figure 5).

Stage 4: Stage 4 is characterized by the presence of widespread fluid and distant free air secondary to diverticular
perforation. Hartmann’s resection is the preferred treatment approach (Figure 6).

Diverticulitis complications

Small perforations frequently occur during diverticulitis and are commonly managed with antibiotics and supportive
care. However, uncontrolled perforations may lead to severe complications such as abscess formation, pylephlebitis,
bowel obstruction, hemorrhage, and fistula, which all necessitate aggressive interventions. Recognizing and appro-
priately treating these complications is essential to minimizing morbidity and mortality[27].

Perforation: Severe inflammation of the diverticulum can lead to bacterial overgrowth, impaired perfusion, hypoxia,
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Figure 4 Sartelli stage 2A and stage 2B diverticulitis. A: Contrast-enhanced coronal reformatted computed tomography (CT) images demonstrated
diverticulitis in the sigmoid colon (blue arrow) and an adjacent abscess formation measuring approximately 7 cm long (yellow double-sided arrow), consistent with
Sartelli stage 2A diverticulitis; B: Contrast-enhanced coronal CT images revealed long-segment diffuse colonic wall thickening, pericolic fat stranding, and diverticulitis
in the sigmoid colon (blue arrow) along with the presence of intraperitoneal free millimetric air (orange circle), consistent with Sartelli stage 2B diverticulitis.

Figure 5 Sartelli stage 3 diverticulitis. A: Axial contrast-enhanced computed tomography (CT) demonstrated findings of sigmoid colon diverticulitis with an
associated abscess formation long (yellow double-sided arrow) in the midline abdomen; B: Coronal oral contrast-enhanced CT image showed free intraperitoneal fluid
extending into the right paracolic and perihepatic spaces (orange arrows), with no evidence of free air in the same patient.

necrosis, and loss of intestinal wall integrity, ultimately resulting in perforation[5]. Perforations typically occur in sigmoid
colonic diverticulitis. They are characterized by localized free air adjacent to the inflamed colon, which remains self-
contained. Clinical findings depend on the perforation site in cases where diverticular perforation is not self-limiting.
Perforations on the peritoneal surface result in intraperitoneal free air, whereas those occurring on the mesenteric surface
may allow free air to track retroperitoneally, potentially extending to the perirenal space, mediastinum, or even the
scrotal sac[4,6,27-29]. Perforation can be directly identified on CT as bowel wall integrity disruption, extraluminal gas,
and leakage of contrast material. Indirect signs include segmental wall thickening, inflammatory fat stranding, and the
presence of an abscess (Figure 7)[6].

Guishidenge VIR | https://www.wjgnet.com 6 August 28,2025 | Volume17 | Issue8 |



Simsar M et al. Radiological insights into diverticulitis

Figure 6 Sartelli stage 4 diverticulitis. A: Axial reformatted contrast-enhanced computed tomography (CT) image including widespread intraabdominal free air
(blue arrow) and free fluid (yellow arrow), more prominently around the left colon; B: Sagittal reformatted contrast-enhanced CT image also included widespread
intraabdominal free air (blue arrow). Pericolic fat stranding and inflammatory changes in the pericolic fat (orange arrow) were also observed, indicative of diverticulitis.
Surgical intervention confirmed perforated diverticulitis originating from the left colon.

‘

Figure 7 Free air extending to the mediastinum due to sigmoid colon diverticulitis perforation. A: Non-contrast coronal reformatted computed
tomography (CT) image at the abdominal level demonstrated the presence of air in the mesentery of the sigmoid colon (yellow arrow), consistent with perforation. The
air was seen surrounding the portal structures in the hepatic hilum and extending retroperitoneally (orange arrow); B: Lung window axial CT image at the thoracic
level showed that the air column extended to the mediastinum (blue arrow).

Abscess: Abscess formation can occur intramurally, pericolic, or at a distant location and typically develops as a pro-
gression from phlegmon. Abscesses should be assessed based on their maximum diameter relative to the location of the
inflamed colonic segment and the potential for fistula formation into adjacent organs[4]. Abscesses are classified by the
Sartelli or Hinchey classifications and are managed through antibiotic therapy, percutaneous drainage, or surgical
intervention depending on their severity and clinical presentation[26].

Abscesses secondary to diverticulitis can develop in distant organs such as the liver, lungs, spine, and brain. Microor-
ganisms may translocate through mucosal defects, enter the portal system, and spread hematogenously to the liver and
other organs. The formation of abscesses in distant organs significantly increases the morbidity and mortality associated
with the disease[30,31].
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A tubo-ovarian abscess should be considered in the differential diagnosis and as a possible consequence of di-
verticulitis in cases of lower quadrant pain. In patients with low-risk factors for pelvic inflammatory disease (PID) (e.g.,
postmenopausal females, those not engaging in sexual activity), the presence of PID should raise suspicion for complic-
ations related to diverticulitis. Due to their close anatomical proximity, sigmoid colon diverticula may facilitate transperi-
toneal spread leading to the development of tubo-ovarian abscess. Additionally, underlying neoplastic processes such as
ovarian and colorectal cancer should be included in the differential diagnosis of this patient group (Figure 8)[32,33].

Fistula: Two mechanisms are thought to play a role in fistula formation. The first involves direct erosion and adhesion of
the ruptured diverticulum to the adjacent tissue due to the inflammatory process. The second mechanism occurs when a
diverticular abscess erodes the surrounding tissue and forms a fistula[34].

The most common fistula occurs between the sigmoid colon and the bladder. This occurrence presents as recurrent
urinary tract infections, fecaluria, and pneumaturia. On CT imaging the loss of fat plane separation between the colonic
loop and the bladder and the thickening of the adjacent colonic and bladder walls is observed. Additionally, the presence
of air within the bladder and the passage of contrast material from a rectal or urinary foley catheter through the fistula
are diagnostic findings[35,36]. Another common cause of vesicointestinal fistula is Crohn’s disease (CD). However, CD-
related fistulas typically occur between the terminal ileum and the bladder and primarily affect the right side of the
bladder. Fistulas secondary to diverticulitis most commonly involve the left posterior aspect of the bladder[27].

Depending on the location of diverticulitis, fistulous tracts will less commonly develop toward adjacent bowel loops,
the uterus, gallbladder, vagina, or the skin[37]. Myometrial abscess formation and free air within the endometrial cavity
are commonly observed in colo-uterine fistulas[38]. Fluid-sensitive sequences can depict the fistulous tract as a fluid-filled
channel on MRI and CT, aiding in the diagnosis (Figure 9).

Pylephlebitis: Pylephlebitis is ascending septic thrombophlebitis. It is not specific to diverticulitis, occurring in other
intraabdominal infections. Pylephlebitis is a rare condition, with an incidence ranging from 0.37 to 2.7 cases per 100000
person-years. It typically presents as nonspecific symptoms such as abdominal pain, leading to delayed diagnosis. The
condition may progress to septic shock and carries a mortality rate of 8.7%-32.0%[39]. The primary treatment for py-
lephlebitis is broad-spectrum antibiotics and anticoagulation therapy although the source of infection may require
surgical management[40].

The affected mesenteric vessels are associated with the venous structures responsible for draining the colonic segment
involved in diverticulitis. For example, the sigmoid colon is the most commonly affected site in diverticulitis, and
phlebitis initially manifests in the local venous structures draining the sigmoid colon, followed by thrombus formation in
the inferior mesenteric vein and portal vein. In more advanced cases, pulmonary septic thromboembolism secondary to
diverticulitis has also been reported[13,41,42].

Early hepatic abnormalities are characterized by non-opacified intrahepatic branches of the portal vein and central or
peripheral regions of low attenuation, resulting from reduced intrahepatic blood flow. Hepatic abscess formation may
occur if appropriate treatment is not administered. Then a more complex therapeutic approach is necessary (Figure 10)

[13].

Bleeding: Diverticular bleeding is the leading cause of lower gastrointestinal hemorrhage[43]. Although endoscopy
facilitates the diagnosis and treatment of diverticular bleeding, studies have shown that the combination of colonoscopy
following contrast-enhanced CT improves the detection rate of the bleeding source[44].

Diverticular bleeding typically results from hemorrhage of an ectatic vessel within a chronic diverticular focus. Since
early intervention is crucial for effective management, a colonoscopy within the first 12-24 hours is recommended. In
cases of massive bleeding, the utility of a colonoscopy may be limited due to the need for bowel preparation and
procedural constraints. Therefore, CT angiography is often preferred because it does not require prior preparation and is
not restricted by the bleeding volume. The presence of intraluminal contrast extravasation following intravenous contrast
administration suggests active bleeding. Oral contrast administration is not recommended in patients suspected of
bleeding as it may obscure extravasation. On non-contrast imaging, hyperdense intraluminal content may indicate
hemorrhage, while dynamic studies demonstrating contrast extravasation in the portal venous phase further support the
presence of active bleeding[4,45,46].

CHRONIC DIVERTICULITIS

Patients with chronic diverticulitis experience abdominal pain and obstructive symptoms lasting for at least 2 months
without fever or leukocytosis. Pathological findings demonstrate that fibrosis is linked to acute or chronic inflammatory
changes[47]. Recurrent acute diverticular episodes lead to chronic muscular hypertrophy, wall thickening, and fibrosis of
the colon, ultimately resulting in luminal narrowing. This condition may mimic or obscure malignancy, and differen-
tiation is made through CT imaging and endoscopic evaluation[4].

The most significant findings supporting diverticulitis on CT imaging include pericolic inflammation and segmental
involvement exceeding 10 cm. Findings indicative of colon cancer include the presence of pericolic lymph nodes and a
luminal mass[48,49]. The absence of diverticula in the affected segment and the presence of the shoulder phenomenon
(wall thickening that forms a mass with an abrupt, perpendicular transition to the adjacent colonic mucosa) are additional
distinguishing features of colon cancer. The luminal narrowing is also frequently associated with this finding[4,48,49]. In
some patients, follow-up imaging and colonoscopy evaluation can provide a more accurate diagnosis (Figure 11)[4].
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Figure 8 Tubo-ovarian abscess secondary to sigmoid colon diverticulitis. A: Contrast-enhanced axial; B: Non-contrast coronal computed tomography
images. Demonstrated a left tubo-ovarian abscess (yellow arrows) in a postmenopausal female patient with a history of diverticular disease. The abscess, which was
later determined secondary to diverticulitis, was observed with a loss of fat planes between the sigmoid colon (orange arrows) and the abscess area.

Figure 9 Colo-vesical fistula secondary to sigmoid colon diverticulitis. A young male patient with fecaluria and pneumaturia. A: Coronal contrast-
enhanced computed tomography image demonstrated findings consistent with sigmoid diverticulitis. Loss of fat planes between the sigmoid colon (blue arrows), an
air-filled tract extending from the sigmoid colon to the bladder lumen, indicative of a colo-vesical fistula (yellow arrows), and the adjacent bladder segment with
bladder wall thickening in the affected area was visualized; B: The presence of intraluminal air within the bladder was noted (orange asterisks).

SEGMENTAL COLITIS ASSOCIATED WITH DIVERTICULOSIS

Segmental colitis associated with diverticulosis (SCAD) is characterized by active chronic luminal mucosal inflammation
involving the colonic segment affected by diverticulitis. It is most frequently localized in the sigmoid colon, and the
disease often presents with rectal bleeding. Differentiation from other conditions, such as CD, ulcerative colitis, and
infectious colitis, can be challenging[50].

In elderly patients with a history of diverticulitis attacks and isolated inflammation localized to the sigmoid colon,
SCAD should be considered. Diagnosis of SCAD requires a combination of endoscopic findings and clinical history. The
preservation of the proximal colon and rectum and the typical older age of affected patients distinguishes SCAD from
ulcerative colitis. However, SCAD shares similar CT findings with CD. In CD the gastrointestinal tract (most notably the
terminal ileum) is affected in a segmental pattern. The length of segmental inflammation is greater in SCAD cases than in
CD and diverticulitis. While diverticulitis typically presents with inflammation centered around the diverticular areas,
SCAD is characterized by mucosal inflammation within the interdiverticular regions. Systemic symptoms such as fever
and diarrhea are more frequently observed in infectious colitis[51,52].

In a study conducted by Urquhart et al[53], CT features associated with SCAD were described as concentric colonic
wall thickening not centered around the diverticula, prominent mesenteric vascularity, and mild pericolic inflammation.
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Figure 10 Pylephlebitis secondary to sigmoid colon diverticulitis. A: Contrast-enhanced sagittal reformatted computed tomography (CT) image
demonstrated segmental wall thickening of the sigmoid colon, fat stranding in the surrounding mesenteric fat, and the presence of multiple diverticula, consistent with
diverticulitis (yellow arrow); B: Contrast-enhanced coronal reformatted CT image showed a dilated venous structure with a lack of contrast enhancement in continuity
with the inferior mesenteric vein, suggestive of thrombophlebitis (orange arrow).

The length of the affected segment in the sigmoid colon was greater in SCAD compared with CD and diverticulitis.
Moreover, findings such as inflamed diverticula and pericolic fat stranding were less commonly observed in SCAD than
in diverticulitis.

FUTURE DIRECTIONS FOR ARTIFICIAL INTELLIGENCE INTEGRATION

The growing presence of artificial intelligence (Al) in radiology is evident across all stages of the imaging process. Al
enables faster and clearer image generation, helping clinicians make more confident diagnoses and informed treatment
plans[54]. AI also enables precise analysis of numerous quantitative imaging features that are imperceptible to human
senses through techniques such as radiomics and deep learning. By assessing and quantifying body composition, Al can
provide valuable insights into disease severity and progression[54,55].

In a 2022 study conducted within a healthcare-focused Al competition, CT datasets were developed to evaluate six
abdominal emergencies including diverticulitis. Diverticulitis was identified as the most challenging to detect due to the
imaging similarities with other conditions, the scarcity of representative cases, and the lack of prominent distinguishing
features. Despite typical CT signs such as bowel wall thickening and pericolic fat stranding, it often mimics pathologies
like appendicitis or colitis, complicating its diagnosis[56].

Al has become increasingly prevalent in radiology, and current research on its application to diverticulitis has mainly
concentrated on its role in differentiating diverticulitis from colorectal cancer. In a study conducted by Ziegelmayer et al
[57], a cohort of 585 patients with a history of surgery for either colorectal cancer or acute diverticulitis was evaluated
using a three-dimensional convolutional neural network. On the test set the model achieved a sensitivity of 83.3% and a
specificity of 86.6%. Radiologist-only readings yielded a sensitivity of 77.6% and a specificity of 81.6%. When Al-
supported radiologists were involved, sensitivity increased to 85.6% and specificity to 91.3%. Furthermore, the false-
negative rate decreased from 22.0% to 14.3%.

The improvement in diagnostic accuracy for imaging interpretation in patients with colorectal cancer or acute
diverticulitis is clinically significant. It is important because both conditions may require emergency surgery in the event
of perforation; however, the surgical approaches differ substantially. Colorectal cancer typically necessitates oncological
resection of the affected bowel segment along with the regional lymphatic basin, whereas limited resection of the
diseased bowel segment is often sufficient in cases of acute diverticulitis[58].
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Figure 11 Distinguishing features of chronic sigmoid diverticulitis and colorectal cancer. A and B: Non-contrast-enhanced coronal reformatted
computed tomography (CT) image and non-contrast-enhanced axial CT image showed long-segment, diffuse wall thickening in the sigmoid colon, luminal narrowing
due to fibrosis, and diverticula (yellow arrows). Recurrent obstruction with proximal bowel loop dilatation was evident. The absence of pathological lymphadenopathy
in the mesocolon served as a key diagnostic clue; C: Marked wall thickening of the affected bowel segment (orange arrow) with the shoulder phenomenon (white
arrowhead) without visible diverticula; D: Rounded, metastatic lymph nodes (blue arrow) in the mesentery of the affected sigmoid segment accompanied by fat
stranding consistent with pericolic fat infiltration.

LIMITATIONS

Limitations of this narrative review should be acknowledged. One limitation was the inclusion of only English-language
papers. The recent emergence of certain conditions as distinct entities and the limited availability of prospective studies
on these topics also posed challenges during the preparation of this manuscript. Because SCAD was described only
recently, there are limited dedicated imaging features and related studies, which may affect the generalizability of the
findings. Few prospective studies have concentrated on the use of Al in diverticular disease. Further studies are
warranted to confirm the role of new tools, such as Al, across various clinical situations.

CONCLUSION

Diverticular disease is a prevalent gastrointestinal disorder, and its incidence continues to increase due to evolving

WIR | https://www.wjgnet.com 11 August 28,2025 | Volume17 | Issue8 |

Jaishideng®



Simsar M et al. Radiological insights into diverticulitis

dietary habits and lifestyle changes in modern populations. The presenting symptoms leading to hospital admission
depend on whether the disease is complicated or uncomplicated. The advantages of utilizing US for assessing diverticular
disease are the ease of use, no risks associated with ionizing radiation, cost-effectiveness, and diagnostic accuracy
comparable with CT. However, US is less effective than CT in identifying complicated diverticular disease and differen-
tiating from other mimicking pathologies, which limits its use in these clinical scenarios. CT is crucial in diagnosing,
identifying complications, and guiding disease staging using the Sartelli classification.

The stage of the disease can be determined to allow clinicians to predict the clinical course and select from a broad
spectrum of treatment options ranging from conservative management to percutaneous drainage or surgical intervention.
In addition to providing valuable information about diverticulitis, CT imaging is critical for differentiating alternative
diagnoses and identifying concurrent pathologies during diagnosis and follow-up. In SCAD cases imaging alone is
insufficient, and diagnosis requires integrating clinical findings and endoscopic features.

As in numerous medical domains, Al is increasingly important in the radiological evaluation of diverticulitis, with
recent promising efforts focusing on its effectiveness in differentiating it from colorectal cancer. For radiologists,
understanding the current staging systems and recognizing the imaging findings associated with common complications
are essential to facilitate effective communication with surgeons and gastroenterologists and to ensure accurate diagnosis
and appropriate management planning for patients.
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Abstract

Chronic otitis media (COM) is a long-standing inflammatory condition affecting
the middle ear and mastoid cavity, often resulting in progressive structural
damage and functional deficits. Radiological imaging is fundamental in
diagnosing the disease, assessing its severity, and identifying possible complic-
ations. The literature indicates that the prevalence rates of extracranial and
intracranial complications range from 0.69% to 5%, while the mortality rate for
intracranial complications is 26%. While magnetic resonance imaging is partic-
ularly useful in distinguishing soft tissue abnormalities and detecting intracranial
extensions like meningitis, brain abscess, and sigmoid sinus thrombosis, high-
resolution computed tomography remains the preferred modality for evaluating
bony erosion, cholesteatoma, and mastoid involvement. Key complications such
as ossicular chain destruction, facial nerve damage, and labyrinthine fistulae can
be precisely identified using advanced imaging modalities, allowing for timely
and effective surgical intervention. This minireview underscores the essential role
of radiology in both diagnosing and managing COM, highlighting critical
imaging findings that facilitate early detection and inform treatment decisions. A
collaborative approach among radiologists, otolaryngologists, and infectious
disease specialists is crucial for improving clinical outcomes in affected patients.

Key Words: Otomastoiditis; Intracranial complications; Temporal bone; Computed tomo-
graphy; Magnetic resonance imaging; Diffusion-weight imaging
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Memis KB et al. Imaging in complications of otomastoiditis

Core Tip: Chronic otitis media is a long-term inflammatory disease affecting the middle ear, which, if not properly managed,
can result in both extracranial and intracranial complications. Magnetic resonance imaging is particularly valuable in
assessing soft tissue involvement and distinguishing cholesteatomas from other inflammatory conditions, especially through
the use of diffusion-weighted imaging (DWI). Recently, sensitivity of DWI in the diagnosis of cholestatoma was shown to
be 88% and specificity of 96%. Meanwhile, high-resolution computed tomography remains the primary imaging modality
for evaluating bony erosion, ossicular chain damage, and mastoid pathology, providing essential details for diagnosis and
treatment planning.
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INTRODUCTION

Chronic otitis media (COM) is a long-standing inflammatory condition of the middle ear and mastoid cavity, often arising
from untreated acute otitis media. It is typically characterized by a perforated tympanic membrane, persistent ear
discharge, and gradual hearing loss. If left untreated, COM may lead to severe complications, both extracranially and
intracranially. Early diagnosis and timely intervention are crucial to preventing these outcomes[1]. COM and its complic-
ations are still an important cause of mortality and morbidity. The latest research reveals that the prevalence of
extracranial and intracranial complications varies between 0.69% and 5%. The mortality rate in patients with complic-
ations is 16.1% and in patients with intracranial complications is 26.3%[2,3]. The morbidity rate in patients who
developed complications was 11.8%[3]. COM persists as a significant worldwide health problem, being the primary cause
of preventable hearing impairment in developing nations. Global epidemiological studies indicate that around 300
million individuals are afflicted by COM, with over 85% of cases arising in low-income nations[4].

Extracranial complications of COM include mastoid abscess, Bezold abscess, facial nerve palsy, and labyrinthitis.
Intracranial complications include brain abscess, meningitis, lateral sinus thrombophlebitis and extradural abscess[2,3].
While brain abscess is the most common intracranial complication, mastoid abscess is the most common extracranial
complication[5]. Incidence of most seen intracranial and extracranial complications of COM depicted in Table 1.

Radiological imaging is indispensable in the comprehensive assessment of COM. The use of high-resolution computed
tomography (HRCT) for examining the temporal bone remains the preferred method for evaluating bony changes in
patients with COM[5,6]. HRCT is particularly effective in detecting bony erosions, cholesteatomas, scutum defects, and
mastoid involvement, all of which play a significant role in surgical planning. Several studies emphasize the diagnostic
value of HRCT in identifying cholesteatomas and assessing the extent of bony damage, which is critical for determining
appropriate surgical interventions[6,7]. On the other hand, magnetic resonance imaging (MRI) is essential for evaluating
soft tissue abnormalities and detecting complications extending to the intracranial space, such as brain abscesses and
meningitis. Among its various techniques, diffusion-weighted imaging (DWI) stands out for its ability to differentiate
cholesteatomas from other inflammatory or post-surgical changes. MRI also offers superior resolution for assessing facial
nerve involvement and labyrinthine conditions, which are critical factors in treatment decisions. The combination of DWI
and MRI with conventional computed tomography has been shown to significantly enhance diagnostic accuracy in cases
of COM and its complications[8]. The pathophysiology of COM involves chronic bacterial infection, biofilm formation,
and dysfunction of the Eustachian tube, all contributing to progressive tissue destruction. Complications, including
ossicular chain erosion, labyrinthine fistulae, and facial nerve damage, can be precisely identified through HRCT and
MRI. Early detection of these complications is essential for prompt intervention, ultimately improving patient outcomes

[9].

ROLE OF HRCT IN DIAGNOSING COM AND ITS COMPLICATIONS

If left untreated, COM can lead to severe complications, including both extracranial and intracranial sequelae. Early
diagnosis and intervention are crucial to prevent these adverse outcomes[6]. HRCT of the temporal bone is considered the
gold standard for evaluating bony structures in patients with COM. It effectively detects ossicular chain erosion,
cholesteatoma, scutum defects, and mastoid involvement, providing vital information for surgical planning. HRCT is
particularly useful in identifying cholesteatoma and other bony abnormalities associated with COM[7]. Additionally,
HRCT aids in assessing the extent of disease involvement, which is essential for determining the appropriate surgical
approach. By providing detailed imaging of the temporal bone, HRCT enables clinicians to plan surgeries more
effectively, potentially improving patient outcomes[10]. HRCT is instrumental in identifying complications such as
mastoiditis, labyrinthitis, and facial nerve involvement. It can detect complications like facial nerve erosion and
labyrinthine fistulae, which are critical for surgical planning[11]. While HRCT provides detailed bony imaging, it has
limitations in assessing soft tissue involvement and intracranial complications. Therefore, combining HRCT with other
imaging modalities, such as MRI, can offer a more comprehensive evaluation[12]. The HRCT protocol, thin sections
(usually 0.625 to 1.25 mm) should be taken and the generation of images should be performed using a sharp algorithm
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Table 1 Incidence of intracranial and extracranial complications of chronic otitis media

Complication Type Incidence (%)’
Brain abscess Intracranial 18-42
Meningitis Intracranial 21-72

Lateral sinus thrombosis Intracranial 2-26

Extradural abscess Intracranial 7-16

Mastoid abscess Extracranial 40-68

Facial nerve paralysis Extracranial 13-58
Labyrinthitis Extracranial 7-34

Bezold abscess Extracranial 5-10

1Data were obtained from Lin et al[2], Ahmad et al[3], and Penido Nde et al[5].

(e.g. bone algorithm). HRCT plays a pivotal role in the diagnosis and management of COM, offering detailed insights into
bony structures and facilitating informed surgical decisions. Its ability to detect complications and assess the extent of
disease involvement makes it an indispensable tool in the clinical evaluation of COM[10-12].

ROLE OF MRIIN DIAGNOSING COM AND ITS COMPLICATIONS

MRI has become a pivotal tool in evaluating soft tissue involvement in COM and detecting intracranial complications that
may arise due to the disease. Unlike HRCT, which focuses on bony structures, MRI is particularly effective in assessing
soft tissue changes, such as cholesteatoma and inflammation[8,12]. MRI, especially with the use of DWI, plays a crucial
role in distinguishing between benign and malignant forms of cholesteatoma, which is critical for appropriate
management[13]. The high sensitivity of DWI allows for the detection of cholesteatoma with great accuracy, even in cases
where it might not be apparent on HRCT scans[12,13]. Additionally, MRI is indispensable for detecting intracranial
complications, including brain abscesses, meningitis, and sigmoid sinus thrombosis, which can arise due to the spread of
infection from the middle ear[14]. For patients with COM, MRI also assists in evaluating facial nerve involvement,
labyrinthine fistulae, and ossicular chain erosion[15]. MRI can provide a comprehensive overview of both soft tissue and
bony structures, allowing clinicians to assess the extent of disease and plan surgical interventions accordingly. This
multidimensional capability of MRI helps in both preoperative planning and in monitoring post-treatment outcomes[12].
The signal-to-noise ratio of images obtained using multi-channel phased array coils is significantly improved. MRI offers
significant advantages in diagnosing and managing COM and its complications. Its ability to assess soft tissue structures,
detect cholesteatomas, and identify intracranial and extracranial complications makes it an essential modality in the
comprehensive management of this condition[12-15].

ROLE OF COMBINED IMAGING APPROACH IN DIAGNOSING COM AND ITS COMPLICATIONS

In routine practice, the majority of centers employ a multimodal imaging strategy for diagnosing complications of COM.
HRCT excels in evaluating the condition of the ossicular chain, mastoid ventilation, and bone degradation, whereas
diffusion-weighted MRI sequences are particularly adept at distinguishing soft tissue lesions like cholesteatoma. A
combined imaging technique integrates the advantages of both modalities to enhance diagnostic precision. As a result,
the rationale for surgical planning is established with greater confidence. Unnecessary operations are prevented. The
combined method yields significant success, particularly in identifying recurrent or persistent cholesteatomas. The
integration of HRCT and MRI for the early detection and appropriate therapy of COM and its consequences is a crucial
diagnostic approach in modern otological practice[12,16].

Figure 1 shows otomastoiditis and cholesteatoma in the right mastoid cells and middle ear cavity on contrast-enhanced
temporal MRI of a 27-year-old male. Additionally, Figure 2 shows intracranial abscess, meningitis and subcutaneous
abscess detected in the MRI examination of the same patient. Figure 3 shows findings consistent with labyrinthitis on
T2W temporal MRI in a 38-year-old male patient diagnosed with COM. Figure 4 shows MRI of a 43-year-old female
patient with COM showing findings of lateral sinus thrombosis extending to the sigmoid sinus.

CONCLUSION

COM and its complications pose significant challenges in both diagnosis and management, necessitating precise imaging
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Figure 1 Otomastoiditis and accompanying cholesteatoma. A: The axial pre-contrast T1W; B: Post-contrast T1W; C: 3D-constructive interference in a
steady state MR images show hyper-enhanced inflammatory alterations in the mastoid cells and middle ear on the right side (orange arrows); D: The axial diffusion-
weighted; E: Apparent diffusion coefficient map; F: Coronal post-contrast T1W magnetic resonance images show the presence of cholesteatoma in the right inferior
mastoid cells, which was not enhanced, but had significant diffusion restriction (blue arrows).

Figure 2 Meningitis with subcutaneous and intracranial abscess. A: The axial post-contrast T1W; B: Coronal post-contrast T1W; C: Axial post-contrast
T1W; D: Axial diffusion-weighted; E: Apparent diffusion coefficient map; F: Coronal post-contrast T1W magnetic resonance images show abscesses in the
subcutaneous adipose tissue (yellow asterisks) and intracranial (orange arrows) area with a thick and hyperenhanced wall and centrally restricted diffusion. The axial
post-contrast T1W and coronal post-contrast T1W magnetic resonance images show meningeal enhancement compatible with meningitis in the right parietotemporal
area (yellow arrows).
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Figure 3 Labyrinthitis. A: The axial 3D-constructive interference in a steady state (CISS) magnetic resonance image showing focal signal loss in the vestibule
(orange arrow) on right side; B: The axial 3D-CISS magnetic resonance image showing focal signal loss in the horizontal semicircular canal (orange arrow) on left
side.

Figure 4 Lateral sinus thrombosis. A: The coronal post-contrast T1W cerebral magnetic resonance venography image shows loss of signal along the right
transverse sinus (orange arrow); B: The coronal post-contrast T1W cerebral magnetic resonance venography image shows loss of signal along the right sigmoid
sinus (blue arrow); C: The coronal T2W magnetic resonance image shows hyperintensity due to flow void loss in the right transverse sinus (green arrow); D: Axial
T2W magnetic resonance image shows hyperintensity due to flow void loss in the right sigmoid sinus (yellow arrow).

techniques to ensure timely intervention. HRCT remains the preferred modality for evaluating bony erosion, mastoid
involvement, and ossicular chain destruction, providing essential details for surgical planning. Meanwhile, MRI plays a
crucial role in differentiating soft tissue abnormalities, particularly in distinguishing cholesteatomas from other inflam-
matory lesions, as well as identifying extracranial and intracranial complications. Early detection of these complications is
vital in preventing severe morbidities, including hearing loss, facial nerve paralysis, and life-threatening infections such
as meningitis and brain abscess. The integration of advanced imaging techniques, such as improved DWI sequences (e.g.,
RESOLVE DWI), holds promise for further increasing diagnostic accuracy, reducing the need for unnecessary surgical
interventions, and improving patient outcomes. As research continues to refine imaging protocols and enhance the
sensitivity and specificity of radiological tools, the role of HRCT and MRI in the evaluation of COM is expected to become
even more precise and indispensable. Future studies should focus on optimizing imaging methodologies to facilitate
earlier diagnosis, better disease characterization, and more effective treatment planning, ultimately minimizing complic-
ations and improving the quality of life for affected individuals.

Finally, we recommend routine HRCT in all suspected unsafe CSOM cases and reserved MRI for suspected intracranial
spread.
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Abstract

BACKGROUND

Anoxic brain injury is a potentially lethal condition characterized by cerebral hy-
poperfusion and irreversible neuronal injury. Arterial spin-labeling (ASL) per-
fusion and diffusion-weighted imaging (DWI) magnetic resonance imaging (MRI)
have been proposed as tools to detect cerebral ischemic changes and may aid in
the assessment of anoxic injury.

AIM

To explore the relationship between regional ASL perfusion patterns and clinical
outcomes following cardiac arrest.
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METHODS

We performed a retrospective review to identify patients with clinical suspicion of anoxic brain injury who
underwent MRI within 15 days of cardiac arrest. Receiver operator characteristic (ROC) analysis and univariate
logistic regression were used to evaluate associations between ASL perfusion scores, DWI signal intensity, and the
following clinical features: (1) Myoclonus status epilepticus (MSE) within 24 hours; (2) Absent extensor or motor
reflexes (EMR) at day 3 post-arrest; and (3) Absent brainstem reflexes (BSR) within 15 days.

RESULTS

Twenty-eight patients met inclusion criteria. Increased ASL signal in the left occipital lobe was significantly
associated with MSE (P = 0.038), while a trend was observed between right frontal ASL signal and EMR (P = 0.078).
ROC analysis showed that ASL scores > 7 were associated with higher odds of absent BSR (OR 2.14, P = 0.53),
though this did not reach statistical significance. DWI signal intensity did not show significant associations with
clinical outcomes. The overall discriminatory performance of ASL for predicting outcomes was limited (AUC ~
0.52).

CONCLUSION

This exploratory study suggests that regional ASL hyperperfusion, particularly in the left occipital and right frontal
lobes, may be associated with adverse clinical signs following cardiac arrest. However, most findings did not reach
statistical significance, and the study was underpowered to detect small-to-moderate effects. These preliminary
results should be interpreted with caution and considered hypothesis-generating. Larger, prospective studies are
warranted to clarify the prognostic value of ASL perfusion imaging in anoxic brain injury.

Key Words: Arterial spin-labeling; Anoxic brain injury; Arterial spin-labeling perfusion; Diffusion weighted imaging;
Diffusion-weighted imaging

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Anoxic brain injury is a devastating clinical entity characterized by severe cerebral hypoperfusion with resultant
neuronal cell death. Arterial spin-labeling (ASL) perfusion and diffusion-weighted imaging magnetic resonance imaging has
recently been used to detect global and focal cerebral ischemic changes that may play a role in the assessment of anoxic
brain injury. In this retrospective cohort study, we found that elevated ASL signal involving the left occipital lobe and right
frontal lobe is predictive of poor outcomes, suggesting that ASL signal may have important prognostic implications in the
setting of anoxic brain injury.

Citation: Beutler BD, Antwi-Amoabeng D, Weinert D, Shah I, Ulanja MB, Moody AE, Lei X, Lerner A, Shiroishi MS, Assadsangabi
R. Prognostic value of arterial spin-labeling perfusion in anoxic brain injury: A retrospective cohort study. World J Radiol 2025;
17(8): 111065
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INTRODUCTION

Anoxic brain injury is a dynamic process characterized by cell swelling and oncotic cell death, which manifests as
diffusion restriction on magnetic resonance imaging (MRI), and a later period of reperfusion injury and disruption of the
blood-brain barrier, which may present as superphysiologic cerebral blood flow on arterial spin-labeling (ASL) perfusion
sequences. The current prognostic tools and clinical prediction models rely primarily on correlation of patient history,
neurological examination, and electroencephalography. However, as of this writing, imaging plays a limited role in
predicting outcomes and likelihood of functional recovery.

There is emerging evidence that diffusion-weighted imaging (DWI) and ASL sequences can depict underlying
pathophysiological processes that have important prognostic implications in the setting of anoxic brain injury. A
retrospective study by Pollock et al[1] established that the presence of increased signal on both DWI and ASL sequences
was predictive of unfavorable patient outcomes. In addition, although the sample size was relatively small, some patients
who were found to have superphysiologic hyperperfusion on ASL sequences without corresponding diffusion restriction
demonstrated relatively favorable outcomes with at least partial neurological recovery[1]. A subsequent study by Li et al
[2] showed a positive relationship between ASL and DWI signal intensity. Authors hypothesized that anoxia manifests
with regional diffusion restriction, likely related to cell swelling, and corresponding regional hyperperfusion, reflecting
disruption of the blood-brain barrier and loss of autoregulation.

We aimed to evaluate the relationship between the pattern of diffusion restriction, cerebral hyperperfusion, and patient
outcomes in the setting of anoxic brain injury. The identification of imaging findings predictive of patient outcomes could
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help improve the accuracy and reliability of prognostication and ultimately inform management.

MATERIALS AND METHODS
Study design and population

We conducted a retrospective review of the electronic health record at our institution to identify participants with clinical
suspicion of anoxic brain injury who underwent at least one MRI study within 15 days of cardiac arrest and subsequent
return of spontaneous circulation (ROSC). The study period spanned from September 1, 2020 to July 1, 2022.

The study was approved by the Institutional Review Board of the University of Southern California, Keck School of
Medicine.

Imaging protocols

All MRI studies were performed using a 1.5T General Electric scanner. The imaging protocols included ASL and DWI
sequences. The ASL imaging parameters were as follows: Flip angle (FA) of 155 degrees, repetition time of 4885 ms, and
echo time of 10.47 ms. For DWI, the parameters included a FA of 90 degrees and a b-value of 1000 s/ mm?.

Measurement techniques

ASL perfusion and DWI signal intensity was measured in twelve brain regions (bilateral frontal, parietal, temporal, and
occipital lobes; thalami; and basal ganglia) by two independent observers. The observers used a region of interest (ROI)
approach, selecting approximately 30 mm? areas for analysis (Figure 1). The mean and maximum signal intensity within
each ROI was recorded and normalized using the signal intensity within the ipsilateral cerebellar hemisphere as an
internal reference value.

Clinical data collection
Relevant clinical data were recorded for each patient, including the time from ROSC to the MRI, discharge disposition
(e.g., discharged home, transferred to a rehabilitation facility, or deceased), and changes in Glasgow Coma Scale (GCS)
score from ROSC to disposition.

In addition, we assessed the presence of three established clinical parameters associated with unfavorable outcomes in
anoxic brain injury.

Absent brainstem reflexes: Evaluated at any point within the 15 days following cardiac arrest.
Myoclonus status epilepticus: Assessed within the first day of cardiac arrest.

Absent pupil or corneal reflexes or absent extensor or motor reflexes: Assessed on day 3 post-arrest.

Statistical analysis

The mean and maximum ASL perfusion and DWI signal intensity was quantitatively assessed at 12 different brain
regions using a 30 mm? ROI. A normalized scale was then constructed using the signal intensity within the ipsilateral
cerebellar hemisphere as an internal reference value. Scores ranged from 0-12 based on the signal intensity within the
selected brain region relative to the cerebellar hemisphere; a score of 0 represented ASL perfusion or DWI signal intensity
equal to or lower than that of the ipsilateral cerebellar hemisphere while a score of 12 indicated ASL perfusion or DWI
signal intensity markedly greater than that of the cerebellar hemisphere. Receiver operator characteristics (ROC) analysis
was employed to evaluate the performance of ASL perfusion scores in predicting clinical outcomes. The optimal cutoff
point was determined based on sensitivity and specificity analyses.

Univariate logistic regression was performed to assess the odds of the selected clinical parameters for scores above the
optimal cutoff point. Confidence intervals (CI) and P values were calculated to provide statistical significance of the
findings. Inter-rater reliability for ASL perfusion and DWI measurements was assessed using the intraclass correlation
coefficient (ICC). Due to the small sample size and limited outcome events, multivariable modeling was not performed to
adjust for potential confounders such as time from arrest to MRI or patient comorbidities. Univariate logistic regression
was used to explore associations, with the recognition that confounding effects may influence results.

ROC curve analysis was used to evaluate the discriminative ability of ASL perfusion scores and DWI signal intensity
for predicting unfavorable clinical outcomes, including absent brainstem reflexes (BSR) and myoclonus status epilepticus
(MSE). Optimal cutoff values were determined by maximizing Youden’s index.

Univariate logistic regression was employed to estimate odds ratios for clinical outcomes above or below the ASL
cutoff scores. Given the small sample size and limited number of outcome events, multivariable models were not
constructed to avoid model overfitting. As such, no adjustment for potential confounders [e.., age, time to MRI, targeted
temperature management (TTM)] was performed. This approach was intended to preserve statistical stability and should
be interpreted as exploratory.

All analyses were performed using complete-case data; no imputation methods were applied. Clinical and imaging
variables were recorded prospectively and reviewed retrospectively to minimize missingness, and data were complete for
all primary variables used in ROC and regression analyses.
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Figure 1 Representative diffusion weighted imaging and arterial spin-labeling sequences illustrating region of interest selection for
semiquantiative analysis of signal intensity. A region of interest (ROI) measuring approximately 30 mm? areas was selected for each of twelve brain regions
(bilateral frontal, parietal, temporal, and occipital lobes; thalami; and basal ganglia). The raw mean and maximum signal intensity within each ROl was recorded and
normalized on a 0-12 point scale using the signal intensity within the ipsilateral cerebellar hemisphere as an internal reference value. A: A representative example of
an ROI within the right frontal lobe on a diffusion weighted imaging sequence; B: A representative example of an ROI within the right frontal lobe on the corresponding
arterial spin-labeling sequence.

RESULTS

A total of 28 patients (19 males, 9 females; mean age 58, range 26-84) were included in the analysis. The time between
ROSC and MRI acquisition ranged from 3 to 16 days (mean time to acquisition: 6.2 days; median time to acquisition:
5 days). Electroencephalographic (EEG) findings included generalized burst suppression, triphasic waves, focal
epilepitform discharges, generalized polyspike and slow wave epileptiform discharges, and most commonly, nonspecific
diffuse slowing.

ROC analysis

The ROC analysis showed that ASL scores > 7 were associated with a non-significant increase in the odds of absent BSR
(OR 2.14, P = 0.53), with high specificity (100%) and negative predictive value (85.7%). However, this association did not
reach statistical significance and should be interpreted as exploratory. In addition, ASL scores 2 7 showed a non-
significant trend toward increased odds of MSE (OR 1.19, P = 0.82), with a sensitivity of 100% and a positive predictive
value of 57.1%. This trend did not achieve statistical significance and is considered hypothesis-generating. The area under
the ROC curve was 0.52 for ASL perfusion in predicting absent BSR and 0.52 for predicting MSE-values indicating no
meaningful discriminatory power. These results suggest that the ASL score cutoff of > 7 Lacks prognostic utility in this
sample (Table 1).

Reliability metrics

The ICC for raw ASL was 0.63, indicating moderate reliability between observers, while normalized ASL showed poor
reliability (ICC 0.21). For DWI, the ICC was 0.86 for raw data and 0.74 for normalized data, reflecting high inter-observer
agreement.

The low inter-rater reliability for normalized ASL signal intensity is likely attributable to the variability introduced by
the normalization strategy. We selected the ipsilateral cerebellar hemisphere as an internal reference region in an effort to
control for patient-level and scanner-level differences in perfusion signal intensity, a method previously described in
cerebral perfusion imaging literature. However, this reference region may itself be affected in global hypoperfusion
states, such as post-anoxic injury, introducing inconsistency across measurements. Additionally, while ROI placement
was guided by consistent anatomical landmarks and involved approximately 30 mm? areas, subtle differences in manual
placement can disproportionately impact normalized values-especially in cortical regions with low perfusion or hetero-
geneous signal.

Correlation between ASL and DWI

The Pearson correlation between ASL and DWI revealed a moderate positive relationship in the frontal lobe (0.53-0.68,
P <0.05) and a low positive correlation in the temporal, parietal, and occipital lobes (0.36-0.49, P < 0.05). Normalized data
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Table 1 Statistically significant associations between arterial spin-labeling signal intensity, arterial spin-labeling-diffusion-weighted

imaging correlation, and patient outcomes

Variable/region Finding Pvalue
Right occipital lobe 1 ASL in late subacute scans <0.05
Left parietal lobe 1 ASL in those with absent BSR <0.05
Occipital / temporal lobes | ASL in those with absent EMR <0.05
ASL-DWI correlation (frontal, occipital, efc.) Positive correlation <0.05

ASL: Arterial spin-labeling; BSR: Absent brainstem reflexes; DWI: Diffusion-weighted imaging; EMR: Absent extensor or motor reflexes.

showed a low-moderate positive correlation in the frontal and occipital lobes (0.39-0.56, P < 0.05) (Figure 2).

Clinical variables and ASL signal intensity

ASL signal intensity analysis related to clinical variables revealed higher signal intensity in the right occipital lobe for late
subacute scans compared to early subacute scans (P < 0.05). There were no significant differences in ASL signal intensity
between patients with and without changes in GCS (n = 10 vs 18), between those transferred and those who died in the
hospital (n = 9 vs 19), or between those with and without MSE within the first day of arrest (n = 16 vs 12). However,
patients with absent BSRs at any point within the 15 days following survived cardiac arrest (no vs yes, n = 24 vs 4) had
higher mean intensity in the left parietal lobe (P < 0.05).

Patients with absent pupil or corneal reflexes or absent extensor or motor reflexes (EMR) at day 3 post-arrest (no vs yes,
n =9 vs 18) had lower intensity in occipital lobes and mean intensity in temporal lobes (P < 0.05).

The mean ASL perfusion signal intensity in the left frontal lobe showed good performance for predicting MSE (AUC =
0.7552). In addition, the mean ASL perfusion signal intensity in the right frontal lobe demonstrated good performance for
predicting absent BSR (AUC = 0.7251) (Figure 3A and B). The relationship between ASL perfusion signal intensity and
outcomes is summarized in Table 1.

The mean DWI signal intensity averaged across all 12 brain regions showed better performance for predicting absent
BSR as compared to ASL perfusion signal intensity (Figure 3C). A detailed visual summary of the study population,
methodology, and statistically significant findings is shown in Figure 4.

Power analysis

A post hoc power analysis was conducted to evaluate the statistical power of the study given the sample size of 28
patients. For the ROC analysis evaluating the predictive performance of ASL perfusion in the left frontal lobe for MSE
(AUC = 0.76), the estimated power was approximately 70%-75% at a significance level of 0.05. In contrast, the analysis
predicting absent BSRs using right frontal ASL perfusion (AUC = 0.73) had lower power (approximately 45%-55%) due to
the small number of patients with this outcome (n = 4). These findings suggest moderate power to detect associations in
some comparisons, but limited power in others, particularly those with low event rates.

Clinical heterogeneity and subgroup analyses

Although the criteria for MSE, EMR, and BSR were defined using established prognostic standards, we acknowledge that
clinical heterogeneity across patients may influence outcome interpretation. Factors such as targeted TTM, sedative use,
and EEG patterns can affect the timing and reliability of these prognostic signs.

To explore these effects, subgroup analyses were performed. Among the 28 patients, 14 (50%) received TTM following
cardiac arrest. Within this subgroup, no statistically significant differences in ASL perfusion scores were observed
compared to non-TTM patients, though the small sample size limits interpretability. Similarly, EEG patterns were
available in 24 patients. Of these, 8 exhibited generalized burst suppression, 5 had epileptiform discharges (polyspike or
focal), and 11 showed diffuse slowing. ASL perfusion scores were descriptively higher in patients with epileptiform
activity, but these differences did not reach statistical significance. These findings highlight the complexity of prognost-
icating anoxic brain injury and underscore the need to account for clinical modifiers such as TTM and EEG background.
The lack of significant differences may reflect limited power rather than true absence of effect. Larger, prospective studies
with stratified enrollment are warranted to better evaluate the interaction between perfusion imaging and these clinical
variables.

DISCUSSION

Anoxic brain injury, defined as irreversible neuronal damage secondary to prolonged hypoxia or anoxia, is a leading
cause of death and disability in the United States and worldwide, affecting hundreds of thousands of individuals
annually. The prognosis is dire. Survivors face poor functional outcomes while family members often confront profound
economic hardship associated with prolonged inpatient rehabilitation and round-the-clock care[3,4].
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Figure 2 Relationship between arterial spin-labeling and diffusion-weighted imaging signal intensity. There was a moderate positive relationship
in the frontal lobe (0.53-0.68, P < 0.05) and a low positive correlation in the temporal, parietal, and occipital lobes (0.36-0.49, P < 0.05). Normalized data showed a
low-moderate positive correlation in the frontal and occipital lobes. ROC: Receiver operator characteristic.
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Figure 3 Relationship between arterial spin-labeling and diffusion weighted imaging signal intensity and patient outcomes. A: Relationship
between arterial spin-labeling (ASL) signal intensity within the left frontal lobe and likelihood of within one day of anoxic brain injury; B: Relationship between ASL
signal intensity within the right frontal lobe and likelihood of absent brainstem reflexes (BSR) during the course of hospitalization; C: Relationship between diffusion
weighted imaging signal intensity and likelihood of absent BSR during the course of hospitalization.

Cardiac arrest represents the most common underlying cause of anoxic brain injury, accounting for the vast majority of
cases[5]. However, any pathophysiologic process that results in diminished cerebral blood flow-including drug overdose,
stroke, toxic exposure, asphyxiation, and trauma-can lead to anoxic brain injury[6]. A diagnosis is established based on
correlation of clinical history, neurologic examination, electroencephalography, and laboratory studies[7].

The prognosis of patients with anoxic brain injury varies based on age, the severity of insult, and the duration of
hypoxia or anoxia, among other factors. However, as of this writing, there are no validated criteria that can reliably
predict patient outcomes. Clinical manifestations of anoxic brain injury that are highly suggestive of poor outcomes
include loss of BSRs, status myoclonus, and a GCS motor score of two or lower[8,9]. Somatosensory evoked potentials
may also have prognostic value; limited data suggest that an absent electrical response within the bilateral median nerves
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Study population (7 = 28)

Post-cardiac arrest MRI (< 15 days)
ASL & DWI imaging

Imaging analysis Clinical outcomes
ASL perfusion Absent BSR
(Mean score) MSE

EMR (Day 3)
\/
Key findings

ASL > 7 not statistically predictive
(P > 0.05)
Strong regional AUCs:
L frontal: MSE (0.755)
R frontal: BSR (0.725)
DWI outperforms ASL

Statistically significant

1 ASL in R occipital

1 ASL in L parietal w/BSR

| ASL in occipital/temporal in EMR-
absent patients

ASL-DWI correlation (P < 0.05)

Figure 4 Visual summary of the study population, methodology, and key exploratory findings. A total of 28 patients were included in the analysis.
Clinical outcomes of interest included absent brainstem reflexes (BSR), myoclonus status epilepticus (MSE), and absent extensor or motor reflexes. While certain
regional arterial spin-labeling (ASL) perfusion patterns-such as left frontal ASL signal with MSE and right frontal ASL signal with BSR-showed relatively higher area
under the curve values, these associations did not reach statistical significance and should be interpreted cautiously. Diffusion-weighted imaging demonstrated
relatively better predictive performance compared to ASL in this limited cohort. BSR: Brainstem reflexes; MSE: Myoclonus status epilepticus; EMR: Absent extensor
or motor reflexes; ASL: Arterial spin-labeling; AUC: Area under the curve; DWI: Diffusion-weighted imaging; MRI: Magnetic resonance imaging.

is highly specific for poor neurological outcomes[10]. High serum neuron-specific enolase and S-100B values may portend
a poor prognosis, but the data are inconsistent, and specific cutoff values remain to be established[8,11].

There are two distinct mechanisms by which anoxia causes reversible or irreversible brain injury in the setting of
cardiac arrest or any other medical event that reduces cerebral perfusion. In the first phase of anoxic brain injury,
interruption of cellular aerobic metabolism results in adenosine triphosphate depletion and failure of the transmembrane
sodium-potassium pump, which in turn leads to an overwhelming influx of sodium and water and consequent cell
swelling. The increased cell volume reduces the extracellular space by an order of magnitude, preventing the free
diffusion of water molecules; increased signal on diffusion weighted MRI sequences represents the imaging manifestation
of the oncotic cell death pathway[12]. In the central nervous system, astrocytic swelling is significantly more pronounced
relative to neuronal swelling, and thus the presence of diffusion restriction within the brain does not necessarily indicate
irreversible neuronal loss[13]. The second phase of anoxic brain injury is characterized by the activation of homeostatic
physiologic mechanisms, often aided by cardiopulmonary resuscitation, resulting in postischemic hyperperfusion.
Increased blood flow within the cerebrovascular bed produces a neuroinflammatory cascade, mediated by microglia and
circulating leukocytes, and activation of proteases and phospholipases that cause further neuronal damage[14,15].

Neuroimaging, including computed tomography (CT), MRI, and positron emission tomography, plays a central role in
the assessment of patients with suspected anoxic brain injury. A CT scan is typically acquired shortly after presentation to
exclude intracranial hemorrhage, mass effect, large territory infarct, of any other potential precipitating cause of anoxia or
hypoxia. However, CT scan is of limited value for assessing patient prognosis. Other neuroimaging modalities, such as
MR, are significantly more sensitive and specific to evaluate the extent of anoxic brain injury.

DWI and fluid-attenuated inversion recovery (FLAIR) MRI sequences have emerged as powerful predictive tools for
individuals who have suffered anoxic brain injury. In a 2010 prospective study by Choi et al[16], authors found that a
pattern of diffusion restriction involving the cortex and deep gray nuclei was associated with poor outcomes, whereas the
absence of diffusion abnormalities within these regions indicated a high probability of at least partial neurological
recovery. Quantitative analysis of diffusion abnormalities using apparent diffusion coefficient (ADC) sequences has also
be used to predict patient outcomes. In a prospective study by Wijman et al[17], investigators assessed the value of ADC
signal intensity to predict survival and functional outcomes using the validated Glasgow Outcome Scale (GOS). Patients
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were divided into three groups: Death at six months; GOS score of 3 at six months, indicating severe disability; or a GOS
score of 4 or 5 at six months, indicating some degree of neurological recovery with only mild to moderate disability.
Authors concluded that the volume of brain parenchyma with an ADC value below 650 x 10° mm?/sec correlated with
the risk of death; patients with a high percentage of brain tissue below the ADC threshold were significantly less likely to
survive than those with values above the ADC threshold. Authors also found that survivors with ADC values greater
than 450 x 10° mm?*/sec were significantly more likely than those with lower ADC values to experience a favorable
functional outcome[17]. Notably, the Wijman group acquired imaging between two and five days after the initial event
that precipitated anoxic brain injury, as previous studies have shown that DWI and ADC values evolve during the first 48
hours of anoxia and may not depict the full extent of injury[18,19].

A qualitative scoring system developed by Hirsch et al[20] that incorporates DWI and FLAIR signal characteristics was
recently shown to predict outcomes in patients with anoxic brain injury. In a 2015 study that included 68 patients who
presented after cardiac arrest, investigators assessed the prognostic value of a scoring system based on lesion location and
degree of DWI and FLAIR signal abnormality. A high total score based on the qualitative signal intensity within the
cortex was up to 63% sensitive and 100% specific for prediction of unfavorable outcomes. The sensitivity increased to 84%
when correlated with known predictors of poor outcomes, including absent motor reflexes and somatosensory evoked
potentials. Authors concluded that integration of the imaging-based scoring system with established clinical parameters
could help reliably predict patient outcomes in the setting of anoxic brain injury.

It has recently been hypothesized that postischemic hyperperfusion can be detected and quantified using ASL
perfusion sequences. In a 2008 retrospective study by Pollock et al[1], authors showed that pulsed ASL perfusion
sequences reliably demonstrated global cerebral hyperperfusion in the setting of anoxic brain injury. Diffusion restriction
was present in most patients and was often diffuse, involving the cortices, basal ganglia, or watershed territories.
Notably, of the four patients who survived in the Pollock study, two were found to have global hyperperfusion on pulsed
ASL perfusion sequences without evidence of concomitant diffusion restriction, suggesting that there may be some
prognostic significance to the pattern of superphysiologic cerebral perfusion relative to diffusion restriction on imaging.
In a subsequent study by Li ef al[2], authors described a homogeneously positive relationship between ASL and DWI
signal intensity in patients with anoxic brain injury, with discrete regional ASL perfusion abnormalities corresponding to
areas of diffusion restriction. Authors proposed that coexistent regional hyperperfusion and diffusion restriction may
reflect disruption of the blood-brain barrier and aberrant autoregulation in areas of high demand.

The results of our analysis are consistent with those described by Pollock et al[1] and suggest that DWI and ASL
perfusion MRI sequences may play a role in predicting patient outcomes in anoxic brain injury. Although our study was
underpowered to establish statistical significance, there were several observations that may be clinically meaningful and
warrant further examination. First, there was a direct correlation between mean DWI signal intensity and the likelihood
of absent BSR following the anoxic event, suggesting that global elevation in DWI signal intensity may predict poor
outcomes. Second, patients who presented with MSE within 24 hours of anoxic brain injury were found to have elevated
ASL perfusion signal intensity within the left frontal lobe, which indicates that ASL perfusion sequences may be assessed
alongside physical examination and electroencephalography to confirm suspected MSE. Third, there was a direct
correlation between ASL perfusion signal intensity within the right frontal lobe and the likelihood of absent BSR on day
three post-anoxic brain injury; these findings suggest that a frontal lobe ASL perfusion signal abnormality may be related
to outcomes, although a larger sample size would again be required to establish statistical significance.

One of the novel contributions of this study is the observation that increased ASL perfusion signal intensity in the
frontal lobes-particularly the left frontal lobe-was associated with the presence of MSE following cardiac arrest. While
prior work has described global hypoperfusion or posterior-predominant changes in anoxic brain injury, few studies
have investigated focal hyperperfusion patterns and their clinical significance. Our findings suggest that frontal ASL
hyperintensity may reflect selective regional vulnerability or excitotoxic cortical hyperactivity related to seizure activity,
which may not be evident on conventional structural imaging. Although the ROC performance was moderate (AUC =
0.76), this association warrants further investigation, especially in the context of perfusion-based prognostication
strategies. These results, if validated, could help identify a subset of patients with poor neurologic prognosis and support
earlier risk stratification.

We propose that qualitative or semiquantitative assessment of ASL signal intensity may have prognostic significance if
there is concurrent diffusion restriction, with higher ASL signal intensity relative to an internal control indicating a higher
likelihood of an unfavorable outcome or death. While clinical examination and EEG remain central to prognostication
following cardiac arrest, these modalities can be limited by sedation, metabolic derangements, or technical variability.
ASL perfusion imaging offers a noninvasive, quantitative method to assess regional cerebral blood flow, which may
provide supplementary information-particularly in patients with unclear or suppressed neurological findings. In our
cohort, increased frontal lobe ASL signal was associated with MSE, a clinical marker of poor prognosis, suggesting that
ASL may help identify cortical hyperexcitability or early neurovascular uncoupling. Although these findings are
preliminary, the integration of ASL into a multimodal prognostic algorithm could enhance confidence in early decision-
making, especially when clinical signs are ambiguous or discordant. However, in the absence of diffusion restriction, ASL
signal intensity may be of limited value for prognostication. Indeed, ASL signal characteristics should be interpreted with
caution and correlated with the clinical history and other imaging findings. Global or regional ASL hyperintense signal
can be seen in hepatic encephalopathy, posterior reversible encephalopathy syndrome, and migraines, among other
etiologies, and the presence of superphysiologic cerebral blood flow does not necessarily indicate anoxic injury[21-24].

There are several limitations of our study. The sample size was small and few patients experienced functional or
neurological recovery. A larger sample size would allow for a more precise ASL signal value threshold to predict
unfavorable outcomes. Although an ASL score 2 7 was associated with higher odds of absent BSR and MSE, the ROC
analysis demonstrated poor discriminatory performance for these outcomes (AUCs of 0.52 and 0.52, respectively), and the
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results were not statistically significant. These findings suggest that the ASL cutoff score in this cohort lacked sufficient
sensitivity or specificity for reliable clinical use. Given the small sample size and low event rates, the apparent trends may
reflect statistical noise rather than a true association. Accordingly, these results should be interpreted with caution and
considered hypothesis-generating rather than confirmatory. Larger studies are needed to validate any potential
perfusion-based thresholds in post-anoxic injury prognostication. In addition, other causes of elevated ASL signal
intensity, such as luxury reperfusion related to hypoperfusion-related infarct, could not be definitively excluded. Image
quality was acceptable but somewhat degraded by motion artifact in some patients and it is possible that ASL perfusion
signal intensity within the predefined structures was over- or underestimated in some cases. All imaging in this study
was conducted on a 1.5T General Electric MRI scanner, which may limit the generalizability of our findings to studies
performed at 3.0T or on scanners from other manufacturers. While 3.0T systems typically offer higher signal-to-noise
ratios and improved spatial resolution, they may also introduce increased susceptibility effects and variability in ASL
quantification parameters. These technical differences can affect both perfusion signal intensity and normalization
metrics. As such, validation of our results across different field strengths and platforms will be important to confirm the
clinical applicability of ASL-based prognostication in broader settings.

One additional limitation of this study was the low inter-rater reliability for normalized ASL signal intensity. This may
be due in part to variability introduced by the normalization process, which used the ipsilateral cerebellar hemisphere as
the internal reference region. While cerebellar normalization is a commonly used method to account for inter-individual
and scanner-related signal differences in ASL studies[25], it can be problematic in post-arrest patients where diffuse
hypoperfusion or cerebellar involvement may compromise its stability as a reference. Additionally, manual ROI
placement-although anatomically guided-may have introduced variability, especially in regions with low or hetero-
geneous perfusion. Small discrepancies in ROI positioning could disproportionately affect normalized values due to
signal scaling. In future studies, adopting a consistent and structurally preserved reference region, such as the pons or
occipital cortex, may help reduce variability and improve reproducibility[26]. Automated or atlas-based segmentation
may also offer a more objective approach to ROI definition. These methodological refinements may strengthen the
reliability of normalized ASL measures and should be considered in subsequent validation studies.

CONCLUSION

Our analysis provides important insight into the value of ASL perfusion and DWI sequences for the prediction of patient
outcomes in anoxic brain injury. In addition, our findings provide a framework for future analyses and suggest that
careful examination of ASL perfusion signal intensity within the frontal lobes may have prognostic significance. Given
the limited sample size and the exploratory nature of this study, the observed trends should be interpreted with caution.
Most associations between ASL or DWI signal intensity and clinical outcomes did not reach statistical significance, and
the analyses were underpowered to detect modest effects. While some regional ASL patterns-such as frontal hyperper-
fusion associated with MSE-appear promising, these findings require confirmation in larger studies. Our results should
be considered hypothesis-generating and may help guide the design of future prospective trials investigating perfusion
imaging as a prognostic tool in post-anoxic brain injury.
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Abstract

BACKGROUND

Lymph node metastasis (LNM) is a key prognostic factor in pancreatic cancer
(PC). Accurate preoperative prediction of LNM remains challenging. Radiomics
offers a noninvasive method to extract quantitative imaging features that may aid
in predicting LNM.

AIM

To investigate the potential value of a computed tomography (CT)-based radio-
mics model in prediction of LNM in PC.

METHODS

A retrospective analysis was performed on 168 pathologically confirmed PC
patients who underwent contrast-enhanced-CT. Among them, 107 cases had no
LNM, while 61 cases had confirmed LNM. These patients were randomly divided
into a training cohort (n = 135) and a validation cohort (n = 33). A total of 792 ra-
diomics features were extracted, comprising 396 features from the arterial phase
and another 396 from the portal venous phase. The Minimum Redundancy Maxi-
mum Relevance and Least Absolute Shrinkage and Selection Operator methods
were used for feature selection and Radiomics model construction. The receiver
operating characteristic curve was employed to assess the diagnostic potential of
the model, and DeLong test was used to compare the area under the curve (AUC)
values of the model.

RESULTS
Six radiomics features from the arterial phase and nine from the portal venous
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phase were selected. The Radscore model demonstrated strong predictive performance for LNM in both the
training and test cohorts, with AUC values ranging from 0.86 to 0.94, sensitivity between 66.7% and 91.7%,
specificity from 71.4% to 100.0%, accuracy between 78.8% and 91.1%, PPV ranging from 64.7% to 100.0%, and
negative predictive value between 84.0% and 93.8%. No significant differences in AUC values were observed
between the arterial and portal venous phases in either the training or test set.

CONCLUSION
The preoperative CT-based radiomics model exhibited robust predictive capability for identifying LNM in PC.

Key Words: Computed tomography; Radiomics; Lymph node metastasis; Pancreatic cancer; Model construction

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A preoperative computed tomography-based radiomics model demonstrates high accuracy in predicting lymph
node metastasis (LNM) in pancreatic cancer, providing a non-invasive tool to guide personalized treatment. Unlike
traditional imaging, radiomics detects microstructural patterns invisible to the human eye, enhancing LNM detection
irrespective of phase (arterial vs portal). Clinically, this model could refine preoperative staging, identify candidates for
curative surgery, or prioritize neoadjuvant chemotherapy for high-risk patients, optimizing outcomes. Prospective validation
is needed for broader adoption.

Citation: Ren S, Qin B, Daniels MJ, Zeng L, Tian Y, Wang ZQ. Developing and validating a computed tomography radiomics strategy
to predict lymph node metastasis in pancreatic cancer. World J Radiol 2025; 17(8): 109373
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INTRODUCTION

Pancreatic cancer (PC) stands as a formidable challenge in the landscape of oncology, renowned for its aggressive nature,
late diagnosis, and dismal prognosis[1,2]. Among the various factors influencing the course of the disease, lymph node
metastasis (LNM) plays a pivotal role in determining treatment strategies, prognosis, and patient outcomes[3]. LNM
occurs when cancer cells from the primary tumor migrate to nearby lymph nodes via the lymphatic system. In PC, lymph
node involvement is frequent and has a significant impact on both disease staging and prognosis. The presence of LNM is
indicative of disease progression and often signifies a more advanced stage of PC. The staging of PC, as defined by the
Tumor, Node, Metastasis classification system, heavily relies on the presence or absence of LNM. Patients with lymph
node involvement are typically categorized as having advanced-stage disease (e.g., stage III or IV), indicating a poorer
prognosis compared to those with localized disease. The extent of LNM, such as the number and size of involved nodes,
further influences prognostication. Previous studies have shown that patients with no LNM report 5-year survival rates
of up to 40%, whereas those with LNM have a survival rate of less than 10%[4,5].

Detection of LNM profoundly influences treatment decisions in patients with PC. Patients with localized disease and
no lymph node involvement may be candidates for curative-intent surgical resection, which offers the best chance of
long-term survival[6]. However, the presence of LNM may necessitate neoadjuvant chemotherapy (NAC) or radiation
therapy to downstage the disease, or palliative interventions to alleviate symptoms and improve quality of life[7,8].

LNM serves as a predictive marker for disease recurrence in patients with PC. Even after surgical resection of the
primary tumor, the presence of metastatic spread to regional lymph nodes increases the risk of locoregional recurrence
and distant metastasis. Close surveillance and NAC may be recommended for patients with LNM to monitor recurrence
and improve survival outcomes. Previous reports have indicated that PC patients with potentially resectable cancers who
underwent NAC followed by curative surgery exhibited improved survival and longer time to recurrence[6-8]. This is
particularly notable for those with LNM, underscoring the importance of a pre-treatment diagnosis of LNM as a critical
determinant for developing a more personalized treatment strategy in PC patients[9].

Computed tomography (CT) imaging emerges as a primary tool for assessing LNM, offering detailed anatomical
visualization and the ability to identify suspicious lymph nodes based on size, morphology, and enhancement character-
istics[10]. Advancements in CT technology and imaging protocols have further enhanced its diagnostic accuracy and
clinical utility in LNM detection. Multidetector CT scanners, contrast-enhanced (CE) imaging techniques, and functional
imaging parameters enable improved visualization and characterization of lymphatic spread, facilitating more precise
staging and treatment planning. Additionally, the integration of artificial intelligence and machine learning algorithms
holds great promise for enhancing the sensitivity and specificity of CT-based lymph node detection algorithms.

In recent years, the field of radiomics has emerged as a promising approach for extracting quantitative data from
medical images to aid in diagnosis, prognosis, and treatment planning[11,12]. Radiomics enables the analysis of tumor
characteristics at a much finer level than what is visible to the human eye, allowing for the identification of subtle
patterns, textures, and biomarkers that may be indicative of tumor behavior, response to treatment, or overall patient
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outcomes[13]. The integration of radiomics into clinical practice has the potential to revolutionize cancer care by
providing non-invasive, quantitative insights into tumor biology and behavior, leading to more informed decision-
making and improved patient outcomes[14]. In this paper, we investigated the potential value of a preoperative CT-based
radiomics model in predicting LNM in PC.

MATERIALS AND METHODS

Patients

This study was approved by the institutional review board and patient informed consent was waived due to its
retrospective nature. All eligible patients were consecutively recruited from the author’s hospital between January 2019
and January 2022 and informed consent was waived due to its retrospective nature. Inclusion criteria were as follows: (1)
Histopathologically confirmed diagnosis of PC; (2) Preoperative imaging indicated resectable disease, excluding those
with American Joint Committee on Cancer stage T4[15]; (3) Had = 15 Lymph nodes harvested during surgery to ensure
adequate pathological evaluation[16]; and (4) Underwent CE-CT within 30 days prior to surgery. Exclusion criteria were
as follows: (1) Absence of CE-CT within 30 days prior to surgery; (2) Incomplete clinical data, histopathological results, or
undefined tumor staging; (3) Poor CT image quality unsuitable for tumor segmentation; and (4) Received NAC or
radiotherapy before CT imaging. Finally, a total of 168 patients with PC were enrolled in this study, as illustrated in
Figure 1. The cases were divided into training and test cohorts (1 = 135 and n = 33, respectively) using an 8:2 stratified
random sampling method.

Patients with pathologically proved PC between
January 2019 and January 2022 (7 = 285)

Exclusion criteria:
Absence of CE-CT within 30 days prior to
surgery (n = 31)
Incomplete clinical data, histopathological
results, or undefined tumor staging (7 = 45)
Poor CT image quality unsuitable for tumor
segmentation (7 = 27)
Received neoadjuvant chemotherapy or
radiotherapy before CT imaging (7 = 14)

Patients with pathologically proved PC based
on surgical resection who underwent CE-CT
within 30 days prior to surgery (7 = 168)

Training cohort Test cohort
(7 = 135) (n=33)

| \

| l l l

LN negative group LN positive group LN negative group LN positive group
(n = 86) (n =49) (n=21) (n=12)

Figure 1 Flowchart of patient selection for the study. PC: Pancreatic cancer; CE-CT: Contrast-enhanced computed tomography; LN: Lymph node.

CT examination

All patients underwent a triple-phase CT scan, which included the precontrast, late arterial, and portal venous phases.
The CT scanning was conducted using one of the following scanners: (1) GE Optima 670 (GE Healthcare, Tokyo, Japan);
(2) GE LightSpeed VCT 64 (GE HealthCare, Milwaukee, Wisconsin, United States); and (3) Philips Brilliance 64 (Philips
Healthcare, DA Best, the Netherlands). The scan parameters included a tube voltage of 120 Kvp, tube current ranging
from 200 to 400 mAs, helical pitch between 0.984 and 1.375, and a reconstruction slice thickness of 1.0 mm with an
interval of 1.0 mm. An administration of 100-120 mL of nonionic contrast media (Omnipaque 350, Bayer Pharmaceuticals)
was performed at a rate of 3.0-4.0 mL/second following the precontrast CT scan. The late arterial and portal venous
phases were acquired at 35 seconds and 70 seconds, respectively.
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Tumor segmentation

Three-dimensional regions of interest (ROIs) were manually delineated on thin-slice CT images during the late arterial
and portal venous phases using ITK-SNAP software (version 3.6.0; http://www.itksnap.org/pmwiki/pmwiki.php).
Radiologist 1, who has 9 years of abdominal imaging experience and 6 years of tumor segmentation experience involving
221 patients with confirmed pancreatic diseases[11,17], performed the initial ROI delineations along the tumor margins.
To assess reproducibility, the intraclass correlation coefficient (ICC) was calculated for intra-observer agreement. Thirty
patients were randomly selected, and their ROIs were redelineated by radiologist 1 and by a second radiologist, who has
5 years of abdominal imaging experience and 2 years of tumor segmentation experience, after a 4-week interval. Both
radiologists were blinded to the LNM status to reduce bias. An ICC value of 0.75 or higher was considered indicative of
good agreement and retained for further analysis.

Feature extraction and selection

All radiomics features were normalized using z-score normalization prior to feature extraction and selection, which helps
reduce variability due to differences in scanner parameters and acquisition protocols. The ICC was used to assess the
repeatability of each radiomics feature, both intra- and inter-observer. In our study, only the features with ICC values
greater than 0.75 were included. To reduce dimensionality and remove redundant or irrelevant features, we employed a
two-stage selection approach, first applying minimum redundancy maximum relevance (MRMR), followed by least
absolute shrinkage and selection operator (LASSO). Initially, MRMR was performed to eliminate redundant and ir-
relevant features, resulting in the retention of 30 features. Subsequently, LASSO was conducted to select the optimized
subset of features to construct the final model.

Construction and validation of the model

The Radscore was calculated by applying linear weighting to the selected features identified by the LASSO algorithm.
The diagnostic efficacy of the model for predicting LNM was assessed using receiver operating characteristic (ROC) curve
analysis. The area under the ROC curve (AUC) with 95%ClI, along with specificity, sensitivity, accuracy, negative
predictive value (NPV), and positive predictive value (PPV), were utilized to evaluate the diagnostic performance of the
radiomics models. Additionally, decision curve analysis was employed to assess the radiomics model by calculating the
net benefit at different threshold probabilities.

Statistical analysis

Statistical analysis was conducted using SPSS v.24 (IBM Corp., Chicago, IL, United States) and R software v.3.6.1. Non-
normally distributed data were compared between groups using the Mann-Whitney U test, while normally distributed
continuous data were analyzed using Student's ¢-test after confirming normality. Normal data were presented as mean +
SD, and categorical data were reported as counts and percentages. The )* test was applied to compare categorical
variables between groups. Inter-observer reproducibility of radiomics features was assessed using the ICC, with coeffi-
cients greater than 0.75 indicating good reproducibility. The diagnostic performance of the radiomics model was
evaluated using ROC curve analysis. The DeLong test was employed to compare the AUC values of the Radscore model
in predicting LNM in PC. A significance level of P < 0.05 was considered statistically significant.

RESULTS

Patient and tumor characteristics

A total of 168 PC patients were ultimately enrolled in this study. The characteristics of PC patients with and without
LNM are summarized in Table 1. No significant differences were observed between the two groups in terms of age,
gender, clinical symptoms, or tumor markers.

Feature extraction and selection

The Analysis Kit software (version V3.0.0.R, GE Healthcare) was utilized to extract a total of 792 radiomics features from
each patient's ROIs, with 396 features obtained from the late arterial phase and another 396 from the portal venous phase.
These radiomics features, extracted from each phase of CT imaging, encompassed various categories, including 42
histogram features, 9 morphological features, 144 grey level co-occurrence matrix features, 11 grey level size zone matrix
features, 180 grey level run-length matrix features, and 10 Haralick features. The MRMR and LASSO algorithms were
employed to identify the most informative subset of features from the original set. As a result, 6 features from the late
arterial phase and 9 features from the portal venous phase were selected for subsequent analysis, as shown in Figure 2A
and B. Following the determination of the number of features using MRMR and LASSO methods, we selected the most
predictive subset of features and evaluated the corresponding coefficients, as depicted in Figure 2C and D.

Development and validation of CT-based radiomics model

The Radscore was calculated by summing the selected features weighted by their coefficients. For the late arterial phase:
Radscore = 0.653 * original_shape_Flatness + 0.132 * original_shape_Sphericity + -0.256 * original_firstorder_10Percentile
+ -0.411 * original_firstorder_Median + 0.164 * original_glszm_LargeAreaHighGrayLevelEmphasis + 1.217 *
original_ngtdm_Coarseness + -0.2. For the portal venous phase: Radscore = 1.18 * original_shape_Flatness + -0.227 *
original_shape_Maximum?DDiameterRow + -0.11 * original_shape_MinorAxisLength + 0.079 * original_shape_Sphericity
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Figure 2 Radiomics feature selection and coefficient visualization using LASSO regression. A and B: The optimal regularization parameter (A) for
the LASSO regression model was selected via 10-fold cross-validation in the training (A) and test (B) cohorts. The plots display binomial deviance against log(A), with
the vertical dashed line indicating the optimal log(A) of -4. This resulted in 6 non-zero features for the training cohort and 9 for the test cohort; C and D: The cor-
responding coefficients of the selected radiomics features are shown for the training (C) and test (D) cohorts. The Y-axis lists the selected features, and the X-axis
shows their respective coefficients.

+ -0.73 * original_firstorder_Median + 0.068 * original_gldm_SmallDependenceLowGrayLevelEmphasis + 0.53 *
original_glszm_SizeZoneNonUniformityNormalized + -0.279 * original_glszm_ZoneEntropy + 1.62 * origi-
nal_ngtdm_Coarseness + -0.358. Subsequently, we compared the Radscores between PC with and without LNM, in both
the training and test cohorts, with separate analyses conducted for the late arterial and portal venous phases, as depicted
in Figure 3A and B.

We then conducted ROC analysis to assess the performance of the model, as presented in Table 2 and illustrated in
Figure 3C and D. In the training set, the Radscore model achieved an AUC of 0.92 (0.87-0.97), demonstrating 89.8%
sensitivity, 84.9% specificity, 77.2% PPV, 93.6% NPV, and 86.7% accuracy in the arterial phase. Similarly, in the portal
venous phase, the Radscore model attained an AUC of 0.94 (0.90-0.98), with 85.7% sensitivity, 94.2% specificity, 89.4%
PPV, 92.0% NPV, and 91.1% accuracy in the training set. In the test set, the Radscore model exhibited an AUC of 0.86
(0.73-1.00), with 91.7% sensitivity, 71.4% specificity, 64.7% PPV, 93.8% NPV, and 78.8% accuracy in the arterial phase.
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Figure 3 Diagnostic performance of the Radscore model. A and B: Distribution of Radscore values for predicting LNM in the training (A) and test (B)
cohorts. Blue dots represent patients without LNM, and yellow dots represent those with LNM; C and D: Receiver operating characteristic curves of the Radscore
model for the training (C) and test (D) cohorts. Radscore_A refers to the model derived from arterial phase computed tomography images, while Radscore_P refers to
the model derived from portal venous phase images. The area under the curve was used to evaluate model performance.

Similarly, in the portal venous phase, the Radscore model demonstrated an AUC of 0.93 (0.83-1.00), with 66.7%
sensitivity, 100.0% specificity, 100.0% PPV, 84.0% NPV, and 87.9% accuracy. The DeLong test was utilized to compare the
AUC values of the Radscore model in predicting LNM. No significant difference was observed in AUC values between
the late arterial and portal venous phases in the training set (P = 0.51) or in the test set (P = 0.41). The calibration curves
for the training and test cohorts are depicted in Figure 4A and B, respectively. Subsequently, we utilized decision curve
analysis to evaluate the clinical utility of the model in both cohorts, as demonstrated in Figure 4C and D.

DISCUSSION

PC is considered one of the deadliest forms of cancer, primarily due to its tendency to be diagnosed at an advanced stage
when treatment options are limited. PC patients with positive LNM experience a poorer prognosis regardless of whether
they undergo surgical resection. The presence of LNM serves as a significant prognostic indicator in PC patients, in-
fluencing treatment decisions. For PC patients with positive lymph node involvement, considering NAC or immuno-
therapy prior to surgical resection is advisable[18,19]. Therefore, accurately assessing lymph node status prior to surgical
resection is essential in clinical practice. Early detection is particularly critical for tumors measuring < 2 cm, as deter-
mining lymph node involvement enables appropriate staging and identification of patients with stage I PC (TINOMO0)[20].
Presently, assessing LNM through imaging examinations lacks both sensitivity and specificity, posing challenges in
preoperatively identifying LNM. Consequently, there arises a necessity to develop a predictive model that is both
sensitive and efficient for preoperative assessment of LNM in PC patients.
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Figure 4 Calibration and decision curve analysis of the Radscore model. A and B: Calibration curves for the Radscore model in the training (A) and test
(B) cohorts. The gray diagonal line represents perfect prediction. The blue and yellow dotted lines show the calibration performance of Radscore_P (portal venous
phase) and Radscore_A (arterial phase), respectively; C and D: Decision curve analysis for the Radscore model in the training (C) and test (D) cohorts. The X-axis
indicates the threshold probability, and the Y-axis shows the net clinical benefit. The gray and black lines represent treat-all and treat-none strategies, respectively.
The radiomics models, particularly Radscore_P, provided higher net benefit than Radscore_A across most threshold ranges in the test cohort (D). AUC: Area under
the curve.

CT is advised as the primary imaging method for assessing LNM in PC[20]. Nevertheless, a meta-analysis revealed that
utilizing CT to evaluate extraregional LNM in pancreatic and periampullary cancer resulted in a pooled sensitivity of 25%
and a PPV of 28%[21]. Radiomics entails rapidly advancing research focused on extracting quantitative metrics, referred
to as radiomic features, from medical images. These features characterize tissue and lesion properties such as hetero-
geneity and shape and possess the potential, either individually or when combined with demographic, histologic,
genomic, or proteomic data, to contribute to clinical decision-making[22]. Due to the significant role of preoperative
lymph node status, several investigations have constructed predictive models for LNM by integrating radiomics models
with clinical characteristics. These predictive models have been applied across different diseases, including gastric cancer,
biliary tract cancer, endometrial cancer, and colorectal cancer[23-26]. In this study, we explored the potential value of
preoperative CT-based radiomics model in predicting LNM in PC.

In our study, we utilized the MRMR method to eliminate redundant and irrelevant features, resulting in the retention
of 30 features. Following this, we employed the LASSO method to identify the most predictive subset of features and
determined their coefficients to calculate the Radscore. Six radiomics features were selected from the late arterial phase,
and 9 features were chosen from the portal venous phase for model construction. Our Radscore model exhibited excellent
predictive prowess for LNM across both training and test cohorts during the late arterial and portal venous phases,
boasting impressive metrics: An AUC ranging from 0.86 (0.73-1.00) to 0.94 (0.90-0.98), sensitivity between 66.7% and
91.7%, specificity from 71.4% to 100.0%, accuracy spanning 78.8% to 91.1%, PPV ranging from 64.7% to 100.0%, and NPV
between 84.0% and 93.8%. The Delong test showed that there was no significant difference in AUC values between the
late arterial and portal venous phases in the training set (P = 0.51) or in the test set (P = 0.41). Lu et al[27] recently devised
a multimodal model that integrates multiphase CE-CT imaging and clinical characteristics, including experts” experience,
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Table 1 Demographic characteristics of pancreatic cancer patients with or without lymph node metastasis, n (%)/mean * SD/median

(25"-75" percentiles)

Variables PC with LNM (n = 61) PC without LNM (n = 107) P value
Age (years) 63.65 +10.95 61.72 +10.66 0.214'
Gender 0.501”
Male 43 (70.5) 70 (65.4)

Female 18 (29.5) 37 (34.6)

Clinical symptoms

Abdominal pain 45 (73.8) 69 (64.5) 0.215”
Abdominal bloating or diarrhea 12 (19.7) 19 (17.8) 0.758”
Yellow urine or icterus 18 (29.5) 30(28.0) 0.839”
Marasmus 9 (14.8) 14 (13.1) 0.762>
Asymptomatic 22 (36.1) 31 (29.0) 0.341”

Tumor markers

CA125 22.80 (15.60-39.40) 20.50 (3.20-34.70) 0325’
CA199 205.75 (43.90-954.8) 178.96 (39.98-832.67) 0.105’
CEA 459 (2.68-6.02) 3.99 (2.44-5.80) 0.432°
AFP 295 (2.11-4.54) 2,65 (1.85-4.04) 0.665’

ICalculated with a t-test.

%Calculated with a Fisher’s exact test or an y test.

3Calculated with Mann-Whitney U test.

LNM: Lymph node metastasis; PC: Pancreatic cancer; CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein.

Table 2 Diagnostic performance of Radscore model for prediction of lymph node metastasis in pancreatic cancer patients using

receiver operating characteristic analysis

Group Model AUC (95%Cl) Accuracy Sensitivity Specificity PPV NPV
Training set Radscore_A 0.92 (0.87-0.97) 86.7% 89.8% 84.9% 772% 93.6%
Radscore_P 0.94 (0.90-0.98) 91.1% 85.7% 94.2% 89.4% 92.0%
Test set Radscore_A 0.86 (0.73-1.00) 78.8% 91.7% 71.4% 64.7% 93.8%
Radscore_P 0.93 (0.83-1.00) 87.9% 66.7% 100.0% 100.0% 84.0%

AUC: Area under the curve; PPV: Positive predictive value; NPV: Negative predictive value.

to preoperatively predict LNM in 186 PC patients. This model exhibited outstanding predictive performance in dia-
gnosing LNM, achieving an AUC of 0.937, sensitivity of 87.10%, specificity of 87.18%, PPV of 84.38%, NPV of 89.47%, and
an accuracy of 93.7% in the training set. In the test set, it maintained high performance with an AUC of 0.923, sensitivity
of 80.77%, specificity of 90.00%, PPV of 91.30%, NPV of 78.24%, and an accuracy of 84.78%. Nonetheless, they proposed
with 3 kernelled support tensor machine-based classifiers, which incorporates multiphase CE-CT imaging and clinical
characteristics alongside experts” input, presents greater complexity and lacks adaptability in clinical practice. The
decision curve analysis showed that the radiomics model provides a greater net benefit than either the treat-all or treat-
none strategies across a wide range of threshold probabilities, indicating its potential to guide individualized treatment
planning. For example, patients identified as high-risk for LNM based on the model could be considered for more
extensive lymph node dissection or neoadjuvant therapy. Nonetheless, further clinical validation and integration with
existing clinical workflows are needed to confirm its practical utility.

This study has several limitations. First, it was a retrospective, single-center study, which may introduce selection bias
and limit generalizability. Future studies should adopt prospective, multicenter designs to improve robustness and
external validity. Second, the model has not been externally validated using independent datasets. Validation with data
from other institutions is necessary to confirm its applicability in broader clinical settings. Third, the test cohort size (n =
33) was relatively small, potentially affecting statistical power and model stability. Expanding the test cohort in future
research is recommended. Forth, while multiple features were selected, their clinical relevance and biological in-
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terpretation require further investigation to enhance model transparency and clinical utility. Finally, a direct comparison
between the radiomics model and conventional clinical or radiological assessment methods was not performed, which
limits the assessment of incremental value. Future research should include comparative analyses with established clinical
models to better evaluate clinical relevance.

CONCLUSION

In conclusion, the radiomics model shows promising performance in identifying LNM in patients with PC. However, its
clinical applicability remains limited by concerns about reproducibility and generalizability. Future research should focus
on large-scale, multicenter studies with standardized imaging protocols. The use of federated learning may further
support model validation and facilitate clinical implementation.
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Abstract

BACKGROUND
Esophageal cancer (EC) is one of the most prevalent malignant gastrointestinal
tumors; accurate prediction of EC staging has high significance before treatment.

AIM

To explore a rational radiomic approach for predicting preoperative staging of EC
based on magnetic resonance imaging (MRI).

METHODS

This retrospective study included 210 patients with pathologically confirmed EC,
randomly divided into a primary cohort (n = 147) and a validation cohort (1 = 63)
in a ratio of 7:3. All patients underwent a preoperative MRI scan from the neck to
the abdomen. High-throughput and quantitative radiomics features were extr-
acted from T2-weighted imaging (T2WI) and gadolinium contrast-enhanced T1-
weighted imaging (T1WI)-Gd images. Radiomics signatures were selected using
minimal redundancy maximal relevance and the least absolute shrinkage and
selection operator. Then a logistic regression model was built to predict the EC
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stages. The diagnostic performance of the radiomics model for discriminating between stages I-II and III-IV was
evaluated using the area under the curve (AUC), sensitivity (SEN), and specificity (SPE).

RESULTS

A total of 214 radiomics features were extracted. Following feature dimension reduction, the TIWI and T2WI
sequences were retained, and 14 features from the TIWI sequence and 3 features from the T2WI sequence were
selected to construct radiomics signatures. The radiomics signature combining T2WI with TIWI-Gd demonstrated
superior discrimination of stages in the validation cohort (AUC: 0.851; SEN: 0.697; SPE: 0.793), which outperformed
single-sequence models (AUC: 0.779, 0.844; SEN: 0.667, 0.636; SPE: 0.8, 0.8).

CONCLUSION
MRI-based radiomics signatures could identify EC stages before treatment, which could serve as a noninvasive and
quantitative approach aiding personalized treatment planning.

Key Words: Esophageal cancer; Tumor staging; Magnetic resonance imaging; Radiomics; Logistic regression

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study developed a novel magnetic resonance imaging-based radiomics approach to noninvasively predict
preoperative stage of esophageal cancer (EC). By integrating quantitative features from T2-weighted imaging and contrast-
enhanced T1-weighted imaging sequences in 210 EC patients, a logistic regression model achieved high accuracy in distin-
guishing early-stage (I-II) from advanced-stage (III-IV) disease. This multimodal radiomics signature outperformed single-
sequence models and offers a promising tool for guiding personalized treatment strategies.

Citation: Yang RH, Lin ZP, Dong T, Fan WX, Qin HD, Jiang GH, Dai HY. Magnetic resonance imaging-based radiomics signature
for predicting preoperative staging of esophageal cancer. World J Radiol 2025; 17(8): 110307

URL: https://www.wjgnet.com/1949-8470/full/v17/i8/110307.htm

DOI: https://dx.doi.org/10.4329/wjr.v17.i8.110307

INTRODUCTION

Esophageal cancer (EC) poses a significant health burden in China, ranking sixth in incidence and fourth in cancer
mortality, with a dismal 5-year survival of 19%[1,2]. Early-stage (I-II) disease typically undergoes endoscopic or surgical
resection, whereas advanced (III-IV) EC requires neoadjuvant chemoradiation prior to surgery or definitive chemora-
diation[3]. Lymph node (LN) metastasis correlates strongly with reduced survival[4], underscoring the imperative for
accurate pretreatment staging. The accurate prediction of EC staging prior to treatment is clinically critical.

Radiomics is increasingly recognized as a critical tool in cancer research. High-throughput mining enables the
extraction of quantitative image features from digitally encoded medical images. These robust image-based signatures
could potentially enhance precision diagnosis and treatment strategies[5,6]. Recent radiomics research has demonstrated
the possibility of using magnetic resonance imaging (MRI) to substantially improve the detection and prediction of LN
metastases[7,8]. While computed tomography (CT), MRI, positron emission tomography-CT (PET-CT), and endoscopic
ultrasonography (EUS) each exhibit variable sensitivity (SEN)/specificity (SPE) for EC staging and LN detection[9-11],
contrast-enhanced CT remains the clinical mainstay despite controversial LN detection accuracy (SEN: 37.3%-67.2%; SPE:
63.9%-96.4%)[12]. Notably, the new Chinese EC guidelines has now recognized MRI's diagnostic parity with CT for LN
assessment[13].

At present, radiomics research on EC based on MRI mainly focuses on predicting LN metastases and evaluating the
efficacy of neoadjuvant therapy[14-16], However, there has been little research on predicting the early and local
progression stages of EC based on MRI radiomics, which has significant clinical significance for personalized treatment of
EC patients. Our study addresses this by extracting radiomic features from T2-weighted imaging (T2WI) and T1-
weighted imaging (TIWI)-Gd sequences to build a predictive model for distinguishing early (I-II) from locally advanced
(III-IV) EC, providing a reference for guiding clinical treatment decisions.

MATERIALS AND METHODS

Patients

The clinical and MRI data of EC patients who underwent LN dissection confirmed by surgery and pathology between
March 2017 and November 2020 were retrospectively collected. The inclusion criteria were: (1) Pathologically confirmed
EG; (2) Underwent radical resection and LN dissection, with clear postoperative pathological stage and clear pathological

WJR | https://www.wjgnet.com 2 August 28,2025 | Volume17 | Issue8 |

Jaishideng®


https://www.wjgnet.com/1949-8470/full/v17/i8/110307.htm
https://dx.doi.org/10.4329/wjr.v17.i8.110307

Yang RH et al. EC staging using radiomics

LN results; (3) Preoperative MRI scan (T2WI and TIWI-Gd) within two weeks before surgery; (4) No anticancer treatment
prior to MRI; and (5) No history of other malignant tumors. The exclusion criteria were: (1) Received preoperative
anticancer therapy; (2) Concurred other malignant tumors; and (3) Non-diagnostic MRI image quality, precluding
subsequent feature extraction.

This study was approved by the Ethics Committee on Clinical Researches and Novel Technologies of Meizhou People’s
Hospital (Grant No. 2023-C-45), and patient informed consent was waived for this retrospective study. All procedures
were carried out in accordance with relevant guidelines and regulations. Ultimately, 210 patients with EC (165 males and
45 females, aged 40 to 86 years, mean age 63.1 + 7.92 years) were included. Among them, there were 207 cases of
squamous cell carcinoma, 2 cases of adenosquamous cell carcinoma, and 1 case of mixed neuroendocrine carcinoma.
Based on tumor node metastasis staging, 101 patients had stages I-II (74 males, 27 females, mean age 63.2 + 8.01 years),
and 109 had stages III-IV EC (91 males and 18 females, mean age 62.9 + 7.86 years). The clinicopathologic characteristics of
the patients are presented in Table 1.

Image acquisition

Imaging was performed with a 3.0 T Siemens (Erlangen, Germany) Skyra MR scanner equipped with 18-channel phased
array coil. The patient was placed supine and told to breathe as calmly as possible to reduce motion artifacts. The
scanning range was from the level of the supraclavicular fossa to the gastric cardia. The scanning sequence and
parameters were: (1) T2WI: Slice thickness 3 mm, TR 3000 ms, TE 91 ms, NEX = 1, matrix 256 x 256, field of view (FOV)
210 mm x 210 mm and scanning time 2 minutes; and (2) TIWI-Gd: Slice thickness 1.5 mm, TR 4.4 ms, TE 2.0 ms, NEX =1,
matrix 160 x 160, FOV 150 mm x 150 mm, and flip angle 12. During enhanced scanning, Gd-DTPA contrast agent was
injected intravenously through the elbow using a high-pressure syringe at 0.1 mmol/kg. The scanning time was 3
minutes and 26 seconds.

Tumor segmentation

Manual segmentation of the EC was performed on each patient's MR images utilizing an Artificial Intelligent Kit (AK), a
new application platform for the overall solution of artificial intelligence in medical imaging radiomics launched by GE
Healthcare. Two experienced associate senior radiologists (readers 1 and 2) carefully delineated the tumor on all T2WI
and TIWI-Gd images to generate two 3D segmentations of the entire tumor. These regions of interests were applied for
subsequent feature extraction and further analysis.

Radiomic feature extraction

Patients were randomly divided into a primary cohort (1 = 147) and a validation cohort (1 = 63) at a 7:3 ratio, as according
to previous reports[17,18], and the sample size was estimated by using the package of R software (version 4.3.1).
Radiomic features were extracted based on the segmentation results from the primary cohort using a homemade program
in the AK. Preprocessing included: (1) The image was first resampled using linear interpolation algorithm to a standard
voxel spacing of 1mm x 1mm x 1 mm; and (2) Z-score for MRI intensity values were standardized. The Python
PyRadiomics module was used to extract radiomic features through AK, where the bin width of the histogram was set to
5 to quantify the intensity distribution of the image. The distance parameter for texture features such as gray level co-
occurrence matrix (GLCM) was uniformly set to 1. For each MRI sequence, the 214 extracted features covered the major
feature pool in recent radiomic studies. The features were categorized into six primary types (Figure 1): (1) Histogram
features; (2) Form factor features; (3) GLCM and Harilick features; (4) Gray level run length matrix features; (5) Grey level
size zone matrix (GLSZM) features; and (6) Gray level dependence matrix (GLDM) features.

A rigorous feature selection pipeline was implemented to simplify the model development and avoid over-fitting.
Minimal redundancy maximal relevance (mRMR) and least absolute shrinkage and selection operator (LASSO) method
were used for feature dimensionality reduction. For tuning coefficients A and o, the respective minimum standard
deviation and maximum area under the curve (AUC) criteria were followed. Dimensionality reduction was performed
using the variance method (excluding features with zero variance), the mRMR method selecting the top 50 features, and
the LASSO method with lambda selection standard set to ‘A.min’, and selecting the optimal A through five fold cross
validation on the training set. For accurate prediction of the EC stages, 16 features selected from the T2WI with TIWI-Gd
images made the greatest contribution. Then, each patient’s two radiomic signature sets were integrated into a
multivariate logistic regression framework. Model training generated weighted linear combinations of selected features,
which constituted the final radiomic signature scores for individual patients.

Statistical analysis

The statistical analysis was performed in R (version 3.5.1; http:/ /www.Rproject.org). The Shapiro-Wilk test was used to
test whether the quantitative data were normally distributed. The rank-sum test was used to compare the differences in
age, between patients with EC stage I-II and stage III-IV. The ¥* test or correction ¥* test was used to compare the
differences in sex, tumor location, and pathological type between patients with EC stage I-II and stage III-IV. In addition,
the primary cohort was used to train the logistic regression model, and the validation cohort was used to test the model.
Finally, the receiver operating characteristic (ROC) curve, SEN, and SPE were used to evaluate the performance of the
prediction model. The DeLong test compared the AUC between the single-sequence and mixed-sequence models. A two-
sided P value < 0.05 was considered statistically significant.
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Table 1 Clinical and pathological characteristics of 210 esophageal cancer patients

Primary cohort Validation cohort
Characteristics P value P value
Stage |-l Stage llI-IV Stage |-l Stage llI-IV
Age (years) 62.0 61.0 0.548 62.5 64.0 0.842
Gender 0.073 0.613
Male 50 63 24 28
Female 21 13 6 5]
Location 0.33 0.705
Upper 2 6 2 2
Middle 47 51 17 22
Lower 22 19 11 9

RESULTS

Clinical data
Patient clinicopathological features are summarized in Table 1. No significant intergroup differences (stages I-II vs III-IV)
existed in age, sex, or tumor location (P > 0.05).

Radiomic features

After feature selection and dimensionality reduction, 14 and 3 of the 214 radiomic features were retained for EC staging
prediction (Table 2). Fourteen and three features distinguished stages I-1I from stages III-1V in the TIWI and T2WI
models, respectively.

Radiomics signature discrimination performance

The radiomics signature was constructed using the selected features from the previous section, forming a linear
combination based on a logistic regression model. There were four first-order features, four shape features, four GLCM
features, two GLSZM features, one GLDM feature, and two neighboring gray-tone difference matrix features. The
formula for the combined model was as follows: Radscore = TIWI x 5.27600436 + T2WI x 3.21937331 - 4.36897257.

The discriminative power of the radiomic signature for tumor, node, metastasis staging was assessed using ROC
curves in both the primary and validation cohorts (Figure 2). Subsequently, the ROC curves corresponding to different
models were compared using the Delong test, and the AUC, SEN, and SPE were calculated (Tables 3 and 4). The
radiomics signature combining T2WI with TIWI-Gd exhibited superior discrimination of the stages in the primary (AUC:
0.788, 0.859; SEN: 0.75, 0.829; SPE: 0.746, 0.789) and validation cohorts (AUC: 0.851; SEN: 0.697; SPE: 0.793), outper-
forming single-sequence models (AUC: 0.779, 0.844; SEN: 0.667, 0.636; SPE: 0.8, 0.8). Radiomic scores (Rad-scores) for EC
patients in both the primary and validation cohorts were calculated using the elastic net model.

DISCUSSION

This study demonstrated that a quantitative approach utilizing multimodal MRI can effectively identify EC stages prior
to treatment initiation. Leveraging significant differences in the Rad-score, the radiomics signature successfully distin-
guished between esophageal squamous cell carcinoma stages I-II and III-IV during the preoperative period. These
findings were supported by MRI’s superior soft-tissue contrast and multiparametric capabilities, which provide high-
quality imaging foundation for precise tumor delineation and radiomics analysis.

Surgical resection remains the cornerstone of EC management, yet surgical intervention for advanced EC (stages III-IV)
is associated with significant challenges and a high postoperative recurrence rate. LN status is a critical independent
prognostic factor, and the approach for LN dissection plays a pivotal role in treatment strategies[4]. Several studies have
suggested that systematic LN dissection should be performed in EC patients only when the tumor invades the
submucosa, as extended LN resection may elevate the risk of postoperative complications[19,20]. In addition, accurate LN
staging is essential for guiding the implementation of neoadjuvant therapy[21]. Although CT is widely used for
preoperative EC staging, its accuracy remains limited. Radiomics addresses these limitations by decoding tumor hetero-
geneity through high-throughput feature extraction from medical images, thereby enhancing diagnostic and prognostic
precision.

This study confirmed the feasibility of predicting EC stages using MR-based radiomic features. We extracted 214
quantitative features from tumors using T2WI and TIWI-Gd images. The seventeen features that contributed most to the
differentiation of EC stages were selected for model construction. Radiomics features derived from T2WI are based on the
signal intensity of water molecules, primarily reflecting the water content characteristics of the tumor.
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Table 2 Selected radiomics features of esophageal cancer patients

Task MRI Feature name Coefficient
Tumor node metastasis stage prediction T2WI
Original_firstorder_Median 0.921642536
Original_shape_Elongation 0.967002183
Original_glem_Correlation 0.246781324
TIWI-Gd
Original_shape_LeastAxisLength 0.875999143
Original_shape_Elongation 0.967002356
Original_glem_DifferenceAverage 0.109732763
Original_firstorder_Kurtosis 0.605404872
Original_firstorder_Median 0.921642536
Original_glszm_LowGrayLevelZoneEmphasis 0.274812737
Original_glcm_Imcl 0.638235237
Original_gldm_LargeDependenceHighGrayLevelEmphasis 0.209360630
Original_shape_MajorAxisLength 0.149464274
Original_ngtdm_Strength 0.214134941
Original_glcm_Idn 0.983044251
Original_firstorder_10Percentile 0.303070619
Original_glszm_SizeZoneNonUniformity 0.126542445
Original_ngtdm_Complexity 0.524606933

MRI: Magnetic resonance imaging; TIWI: T1-weighted imaging; T2WI: T2-weighted imaging.

Table 3 Delong test results in the primary and validation cohort

Primary cohort Validation cohort
Model

T2wi TiWI Combined T2wI TiWI Combined
T2WI 0 0.081 0.0035 0 0.27 0.09
TIWI -1.74 0 0.19 -1.09 0 0.80
Combined 295 -1.30 0 -1.65 -0.25 0

T1WI: T1-weighted imaging; T2WI: T2-weighted imaging.

Table 4 Model performance for predicting tumor node metastasis stages in esophageal cancer patients

— Primary cohort Validation cohorts

AUC (95%Cl) SEN (95%Cl) SPE (95%Cl) AUC (95%Cl) SEN (95%Cl) SPE (95%Cl)
T2WI 0.788 (0.712,0.858)  0.75 (0.642, 0.834) 0.746 (0.634,0.833)  0.779 (0.651,0.892)  0.667 (0.496,0.803) 0.8 (0.627, 0.905)
TIWI 0.859 (0.799,0.919)  0.829(0.729,0.897)  0.789 (0.681,0.868)  0.844 (0.728,0.941)  0.636 (0.466,0.778) 0.8 (0.627, 0.905)
Combined ~ 0.877 (0.819,0.929)  0.842 (0.744,0.907)  0.761 (0.65, 0.845) 0.851 (0.739,0.948)  0.697 (0.527,0.826) 0.8 (0.627, 0.905)

95%CI: 95% confidence interval; TIWI: T1-weighted imaging; T2WI: T2-weighted imaging; AUC: Area under the curve; SEN: Sensitivity; SPE: Specificity.
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Figure 1 Flowchart of the study. A: Original magnetic resonance imaging images, including T2-weighted imaging (T2WI) and T1-weighted imaging (T1WI)-Gd;
B: Segmentation of both T2WI and T1WI-Gd images delineated the tumor region; C: Radiomic features were extracted from the tumor region, including shape, first-
order histogram, texture and wavelet group analysis; D: A series of features were selected to build the radiomics signature using the minimal redundancy maximal
relevance and the least absolute shrinkage and selection operator method; E: The classification performance of the radiomic signature was evaluated using the
receiver operating characteristic curves in both the primary and validation cohort. ROC: Receiver operating characteristic; T1WI: T1-weighted imaging; T2WI: T2-
weighted imaging.
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Figure 2 Receiver operating characteristic curves of the radiomics signature’s discriminative performance in esophageal cancer staging
in the primary and validation cohorts. A: Primary cohorts; B: Validation cohorts. The combined radiomics signature demonstrated superior area under the
curve (AUC) in both the primary (AUC: 0.877) and validation cohorts (AUC: 0.851), outperforming single-sequence models. AUC: Area under the curve; T1WI: T1-
weighted imaging; T2WI: T2-weighted imaging.

The high-order radiomics features comprised the GLCM, which reflects the gray level difference, including distribution
uniformity and texture thickness. Greater heterogeneity of the tumor was associated with an uneven gray level and
increased texture complexity. Histological features derived from T1WI-Gd images predominantly indicative of
microvascular density and histologic grading[22]. Higher-order texture features, exemplified by GLCM metrics,
quantified spatial complexity patterns correlating with biologically aggressive phenotypes[23].

Consistent with prior studies, our results showed that integrating radiomics features from dual-sequence MRI achieved
strong discriminatory performance in differentiating stage I-II from stage III-IV EC in both the primary and validation
cohorts[16,24,25]. Our MRI-based radiomics model outperformed CT and PET-CT radiomics methods for staging EC[26,
27]. This advantage may originate from MRI's superior soft-tissue resolution coupled with synergistic information
integration from multiparametric sequences. The improvement may also stem from the complementary information
provided by multiparametric MRI, which enables a more comprehensive and objective assessment of tumor hetero-
geneity. In addition, our results demonstrated performance comparable with prior MRI radiomics studies predicting LN
metastasis in EC[16]. This reinforces the potential of MRI-based radiomics for EC staging.

This study had several limitations. First, the single-center design and modest sample size necessitate validation
through multicenter studies with larger cohorts. Second, although we focused on tumor staging, the prediction efficiency
of LN metastasis, including its extent, in different regions remains unassessed. Future work will be dedicated to
developing models focused on predicting LN metastasis. Last, the exclusive use of a single MRI scanner limits generaliz-
ability. Future work should evaluate the impact of varying equipment, field strength, and scanning parameters.

CONCLUSION

This study demonstrates that MRI-based radiomics can effectively differentiate between stage I-II and stage III-IV EC
before treatment. We developed a multiparametric radiomics model incorporating features from multiple MRI sequences.
MRI-based radiomics could serve as a valuable noninvasive adjunct tool for preoperative staging and personalized
therapeutic strategy formulation in EC.
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Abstract

BACKGROUND

Primary ciliary dyskinesia (PCD) is a rare condition characterised by dysmotile,
immotile, or absent cilia. As a result of the impairment in respiratory mucociliary
clearance, patients with PCD typically develop neonatal respiratory distress, nasal
congestion, otitis media and recurrent respiratory infections leading to bron-
chiectasis and structural lung changes. These changes have been shown by chest
computed tomography (CT) to develop in infancy and early childhood. Recent
development and refinement of radiation-reducing CT techniques have allowed
significant radiation dose reductions, with chest CT doses now in the range of
chest radiography (CR).

AIM

To evaluate the efficacy of ultra-low dose CT (ULDCT) chest in identifying pul-
monary changes within a PCD paediatric patient cohort.
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METHODS

Paediatric patients with PCD who presented for routine clinical outpatient follow-up within the study period, were
eligible for inclusion in the study. ULDCT and CR were performed on these patients and the results compared.
Comparison metrics included radiation dose, subjective and objective image quality and disease severity.

RESULTS

Six paediatric patients (mean age 9 years) underwent clinically indicated ULDCT chest examinations and CR for
surveillance of their PCD. The mean effective dose was 0.08 + 0.02 mSv, a dose that approximates that of a frontal
and lateral chest radiograph. The average Brody II score across the entire cohort was 12.92, with excellent inter-
rater reliability and intra-class correlation coefficient (ICC) of 0.98. The average Chrispin-Norman score on CR was
1 with excellent inter-rater reliability and ICC of 0.92.

CONCLUSION

ULDCT demonstrates superior diagnostic capabilities, minimal radiation dose penalty, and high interobserver
reliability in comparison to CR. Thus, we advocate for ULDCT to be the preferred modality for surveillance
imaging in paediatric PCD.

Key Words: Primary ciliary dyskinesia; Ultra-low dose computed tomography; Chest radiography; Radiation dose; Image
quality

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Ultra-low dose computed tomography (ULDCT) is an exciting technique developed over the last decade that
allows acquisition of diagnostic quality images at remarkably low radiation doses. This technique is especially important in
patients requiring regular repeated imaging such as children with primary ciliary dyskinesia (PCD). Patients with PCD
frequently suffer from recurrent respiratory tract infections and develop structural lung changes that require regular imaging
to monitor. While chest radiography is traditionally used, subtle findings may be missed due to limitations of this modality.
Our study offers an alternative; ULDCT which is superior in diagnostic capability with a minimal radiation dose penalty.
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INTRODUCTION

Primary ciliary dyskinesia (PCD) is a rare, primarily autosomal recessive, inherited condition characterised by dysmotile,
immotile, or absent cilia[1]. As a result of the impairment in respiratory mucociliary clearance, patients with PCD
typically develop neonatal respiratory distress, nasal congestion, otitis media and recurrent respiratory infections leading
to bronchiectasis[2]. A laterality defect, male infertility and congenital heart disease are also commonly associated with
PCD[3].

Correct diagnosis of PCD can present challenges as its clinical manifestations mimic that of other diseases such as
cystic fibrosis (CF), primary immunodeficiencies and asthma[4]. A knowledge of the disease manifestations and robust
diagnostics are important to avoid delayed or incorrect diagnosis[5]. There is no specific single gold-standard test to
diagnose PCD, and it requires multiple investigations such as genetic testing, mucosal biopsies, nasal nitric oxide levels
and electron microscopy[6,7]. Management of PCD draws from the treatment strategies employed for CF and non-CF
bronchiectasis and includes respiratory physiotherapy, comprehensive treatment of acute infections, lifestyle mana-
gement and even lung transplant for end stage disease[8].

Structural lung changes such as mucus plugging, bronchial wall thickening, atelectasis, and bronchiectasis have been
shown by chest computed tomography (CT) to develop in infancy and early childhood in patients with PCD[9-11]. Chest
CT has increased sensitivity over pulmonary function tests in diagnosing early lung disease in PCD[12]. A cornerstone of
PCD management is regular surveillance and prompt treatment of any pulmonary exacerbation to minimise or prevent
the establishment of permanent lung damage. In an inherently young PCD patient cohort that will receive early and
regular diagnostic and surveillance chest CTs, it is prudent to minimise exposure to ionising radiation[13]. There has been
recent development and subsequent refinement of radiation-reducing CT techniques that have allowed significant
radiation dose reductions, with chest CT doses in the range of chest radiography[14-16]. The continued assurance of
diagnostic integrity of these reduced-dose protocols is clearly of paramount importance.
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This study is designed to prospectively evaluate ultra-low dose CT (ULDCT) chest in identifying pulmonary changes
within a paediatric PCD cohort in comparison to chest radiography.

MATERIALS AND METHODS
Study design and setting

This prospective study received approval from the local institutional review board (Clinical Research Ethics Committee
Reference Number: ECM 4 (n) 12/11/2019 & ECM 3 (11) 28/06/2022). Written informed consent was obtained from each
patient or their guardian prior to participation.

Study population

Paediatric patients with PCD between the ages of 4 and 16 years, who presented for routine clinical outpatient follow-up
between July 1, 2022 and July 1, 2023, were eligible for inclusion in the study. The patients were scheduled to undergo a
clinically indicated surveillance ULDCT of the chest. Those who did not have a recent chest radiograph had one
performed in addition to the CT chest.

Study protocol
ULDCT Chest was performed on a single Aquilion Prime SP CT Scanner (Canon Medical Systems, Otawara, Tochigi,
Japan). Only one lateral scout performed at 80Kv and 10mA. The ultra-low dose helical CT scan was performed with the
following acquisition parameters; 120 Kv, 10 mA, 0.35 second rotation time, small focus, standard pitch factor of 0.813,
standard helical pitch of 65 and thickness of 0.5 x 80. Images were reconstructed in 2 mm and 1 mm soft tissue and lung
windows.

All images were acquired on inspiration to include lung apex to diaphragm and no additional expiration views were
obtained. No conscious sedation or general anaesthesia were utilised. Spirometry assisted CT was not performed. Patients
received coaching from a respiratory physiotherapist with satisfactory outcome in breath holding.

CT image assessment

Disease severity: For the evaluation of PCD severity using chest CT, we utilized the Brody II CT scoring system[17]. The
Brody II score comprises five components: Bronchiectasis, mucus plugging, peri-bronchial thickening, parenchymal
abnormalities, and air trapping. Each component is evaluated based on the extent of involvement in central and
peripheral lung areas and specific severity criteria. Bronchiectasis is scored from 1-12, considering the extent in both lung
areas and bronchiectasis size, with multipliers ranging from 0.5 to 3. Mucus plugging is scored from 0-6, again based on
the extent in both lung areas. Peribronchial thickening, scored from 0-9 and considers the extent and severity (mild,
moderate, severe) in both lung areas. The parenchyma score, ranging from 0-9, is based on the extent of dense
parenchymal opacity, ground glass opacity, and cysts or bullae. Lastly, air trapping is scored from 0-4.5, reflecting the
extent of lung involvement and the size of affected areas. Our approach did not assess air trapping as to minimise
radiation exposure, expiratory CT examinations were not acquired. This scoring system provides a detailed and
standardized assessment of disease severity in PCD patients, enabling accurate comparisons within our study cohort.

Subjective image quality: Subjective image quality was assessed on a Picture Archiving and Communication System
(Impax 6.5.3; Agfa Health- care, Mortsel, Belgium) on a monitor with a resolution of 3 megapixels.

Diagnostic acceptability on both soft tissue and lung windows, image noise on both soft tissue and lung windows,
depiction of bronchovascular structures centrally and within 2 cm of the pleural surface and streak artefact were assessed
by consensus by 2 radiologists utilising a previously validated subjective scoring system[14,15].

Briefly, images were graded on a scale of 1-5 with 1 = unacceptable, 2 = minimally acceptable, 3 = acceptable, 4 =
highly acceptable and 5 = excellent. This assessment was carried out on six different levels of each CT scan; at the level of
the apices, aortopulmonary window, carina, largest cardiac diameter, largest thoracic diameter, and upper abdomen (on
soft tissue window assessment). Again, images were anonymised and randomly assessed to minimise bias.

Objective image quality: Objective image quality analysis was conducted on a dedicated workstation (Advantage
Workstation VolumeShare 2, Version 4.4, GE Medical Systems) using previously validated quantitative signal to noise
measurements by placing homogenous region of interests (ROIs) (diameter 10 mm) in predefined homogenous anatomic
locations[14]. These ROIs were placed on the thoracic aorta and right paraspinal musculature at the level of the aortic
arch, carina, and largest cardiac diameter. Each measurement was taken on three consecutive slices of the CT series and a
mean value calculated to ensure accuracy. The mean attenuation value in Hounsfield units (HU) within the ROI and the
standard deviation represented the signal and noise level, respectively. The signal-to-noise ratio (SNR) within each ROI
was calculated by dividing mean HU by standard deviation.

A subgroup of 2 of the patients in this study had previously undergone modified low dose CT chest examinations prior
to this study and these examinations [mean age 22 months and mean dose-length product (DLP) 10.5 mGycm] will serve
as a baseline comparison/internal control group for image quality assessment.

Chest radiograph image assessment: The severity of pulmonary changes in chest radiographs was quantified with the
Modified Chrispin-Norman score, with a possible range of 0 to 38[18,19]. Readers conducting the chest radiograph
assessment were blinded to the ULDCT chest result. This scoring system evaluates five radiological parameters: Overin-
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flation, bronchial line shadows, ring shadows, mottled shadows, and large soft shadows. Each parameter consists of
specific elements that are assessed within different lung zones (right upper, left upper, right lower, and left lower). For
overinflation, elements such as diaphragmatic depression, chest wall shape, and lung field appearance are scored. Each
element within the parameters is rated on a scale from 0 to 2, where 0 signifies 'Not Present', 1 denotes 'Present, not
marked', and 2 indicates 'Marked' presence of the feature.

Radiation dose assessment: The radiation dose delivered to the patient in each CT was calculated in terms of volumetric
CT dose index (CTDI,,), DLP, size-specific dose estimate (SSDE) as per American Association of Physicists in Medicine,
and effective dose (ED) was calculated by multiplying the DLP by an age specific multiplier for CT chest[20,21].

Clinical assessment: Comprehensive clinical data were collected for each participant to facilitate a thorough analysis of
disease characteristics and treatment outcomes. Demographic information included gender and date of birth. Pulmonary
function was assessed using spirometry measurements: Forced expiratory volume in one second (FEV') and forced vital
capacity (FVC), recorded both in litres (L) and as a percentage of the predicted values for the patient's age, gender, and
height. The frequency of pulmonary exacerbations, particularly those necessitating intravenous antibiotic treatment, was
recorded to evaluate disease severity and progression. Nutritional status was assessed using body mass index (BMI),
Weight in kilograms, and weight centile, aligning with age-specific growth charts. Additionally, airway microbial
composition was analysed to identify predominant bacterial colonisations or infections. This holistic approach to data
collection aimed to capture a broad spectrum of clinical variables that influence the course and management of PCD.

Statistical analysis

Statistical analyses were carried out using statistical package for the social sciences (SPSS) version 29 (IBM SPSS Inc.,
Chicago, Il). Data were exported from Microsoft Office Excel (Microsoft Corporation, CA, United States) into SPSS for
statistical analysis. For continuous variables, normality testing was first conducted using a Shapiro-Wilk test. Data are
presented as mean * SD unless otherwise specified.

Inter-rater agreement for ordinal-scaled Brody II ratings was estimated with Krippendorff alpha using the ordinal
difference function, and calculated 95%Cls using percentile bootstrap intervals with 10000 bootstrap samples to account
for clustering. Inter-rater agreement of the total Brody II scores was estimated using the intraclass correlation coefficient
(ICC) with 95%CI. ICC values below 0.5 indicate poor reliability, between 0.5 and 0.75 moderate reliability, between 0.75
and 0.9 good reliability, and above 0.9 excellent reliability.

CT and radiograph image quality metrics were reported using descriptive statistics.

RESULTS
Study population

6 paediatric patients (67% male) underwent clinically indicated ULDCT chest examinations, with an additional CR if not
already recently performed, for surveillance of their PCD. The patient ages were 4, 6, 6, 7, 11 and 16.

Clinical analysis
Mean FEV' was 98.6 + 7.5% predicted and 2.1 £ 1.1 L. The mean FVC was 99 + 2.9% predicted and 2.0 + 0.6 L.

Patients experienced a mean 4 * 3.8 pulmonary exacerbations requiring intravenous antibiotics per year. Mean BMI
was 19.8 * 4.6 kg/m? with a mean weight of 34.8 + 14.8 kg and mean percentile for weight of 66 + 34 percentile. The
predominant airway microbial identified was pseudomonas aeruginosa (50%).

Radiation dose analysis
The mean ULDCT chest CTDI,, was 0.11 + 0 mGy. The mean DLP was 2.11 * 0.35 mGycm. The mean SSDE was 0.18 *
0.02 mGy. The mean ED was 0.08 + 0.02 mSv. In comparison, the mean ED from CR was 0.03 mSv + 0.03 mSv.

Image analysis

CT disease severity: The average Brody II CT score across the entire cohort was 12.92, with excellent inter-rater reliability
and ICC of 0.98 (95%ClI: 0.87, 0.99). Inter-rater reliability of each component of the Brody II score in terms of Krippendorff
alpha was good for mucus plugging (0.8) and parenchymal opacity (0.79) and poor for bronchiectasis (0.34) and pe-
ribronchial thickening (0.34) (Table 1).

Figure 1 demonstrates representative ULDCT chest images of a 7-year-old female patient with PCD and the protocol’s
ability to identify associated structural lung pathology. Figure 2 demonstrates comparative images of ULDCT chest and a
modified low dose CT chest in the same patient obtained 7 years apart. The assessment of lung structure is acceptable in
our ultra-low dose protocol with greater noise being evident in the mediastinum on soft tissue windows.

CT subjective image quality: The mean of both readers subjective quality scores was utilised for image quality asse-
ssment.

Subjective image quality was acceptable to highly acceptable on all categories. There were comparable quality scores in
the small 2-patient subgroup who underwent prior modified low dose CT imaging (Table 2).
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Table 1 Inter-rater reliability of Brody Il score

Brody Il criteria Inter-rater reliability
Bronchiectasis 0.34 (-0.46-0.87)
Peribronchial thickening 0.34 (-0.33-0.92)
Mucus plugging 0.8 (0.52-0.99)
Parenchymal opacity 0.79 (0.67-0.91)

Air trapping Not assessed

Inter-rater reliability calculated using the Krippendorff alpha with bootstrapping to account for clustering. 95%Cls in parentheses.

Table 2 Subjective image quality

. s Overall
Mean Image Peripheral (within 2 cm Overall . .
L Image . Central . . . diagnostic
subjective . noise soft of parietal pleura) Streak diagnostic .
. .. hoiselung bronchovascular . o acceptability on
image quality . tissue . bronchovascular artifact acceptability on .
windows . structure depiction . . soft tissue
score windows structure depiction lung windows .
windows
Overall 41049 321006 39091 35%1.12 33+ 3.9+1.07 3.320.11
0.15
2-patient 35+£071  28+0.05 3.9+0.14 3.7+0.21 34+ 3.8+0.28 3.0+0.29
subgroup 0.77

CT objective image quality: The mean SNR at the level of the arch, carina, and largest cardiac diameter for the ULDCT
chest examinations were 1.38 + 2.89, 1.82 + 1.61 and 1.03 + 1.7 respectively. For the 2-patient internal control subgroup
that previously underwent modified low dose CT chest examinations prior to this study, the mean SNR at the level of the
arch, carina, and largest cardiac diameter were 1.06 £ 0.19, 0.96 + 0.36 and 1.05 + 0.43 respectively (Figure 3).

Chest radiograph disease severity: The average Chrispin-Norman score on chest radiograph was 1 with excellent inter-
rater reliability and ICC of 0.92 (95%CI: 0.41, 0.99).

DISCUSSION

This study illustrates the potential of ULDCT chest in paediatric patients with PCD to produce diagnostic-quality images
capable of identifying key PCD-related pulmonary features, including bronchiectasis, peri-bronchial thickening, and
airspace opacities, some of which are seen in Figures 1 and 2. These images facilitate relatively consistent and re-
producible evaluations using the Brody II CT score that is superior to chest radiography, without a significant radiation
penalty.

Our patient cohort demonstrated expected clinical characteristics of a PCD patient cohort including satisfactory PFTs,
an expected average number of pulmonary exacerbations requiring hospital care annually and typical airway microbials.
The spectrum of disease in PCD is like that of CF and utilising a CF specific scoring system to assess disease burden is a
reasonable approach. Magnetic resonance imaging (MRI) based lung clearance index has been proposed as a possible
reliable disease monitoring metric in PCD[22]. This, however, has the associated practical limitations of MRI in a
paediatric population in terms of sedation, cost, expertise and limited access to appropriate MRI infrastructure.

It has been proposed that CF specific CT scoring systems do not capture the entirety of the PCD disease process[23].
Rademacher et al[24] were one of the first to describe a PCD specific CT scoring system (PCD-CT) in adults in 2021 and
further work was carried out by Chowdhary et al[25] having proposed the Specific PCD Evaluation by CT (SPEC) score in
a cohort of 30 patients that correlated well with PFTs. The PCD-CT scoring system was developed by evaluating several
imaging markers of lung disease including mucus plugging, tree-in-bud pattern, atelectasis, peripheral and central
consolidations, peripheral and central ground glass opacities, interlobular septal thickening, mosaic attenuation, cavities,
emphysema and fibrosis. Using multivariate logistic regression, 5 variables: Absence of fibrosis and emphysema,
predominance of bronchiectasis in the middle/Lower lobe and atelectasis, tree-in-bud pattern, and atelectasis or history
of resection of a middle/Lower lobe were selected for the final scoring system. In contrast, the SPEC scoring system has
several overlapping elements with the Brody II scoring system such as bronchiectasis severity and extent, extent of
bronchial wall thickening, presence of atelectasis and presence of air trapping. In addition, each lobe is evaluated
separately just like the Brody II scoring system. However, the SPEC system also assesses bronchoceles, the extent of tree-
in-bud pattern of mucus plugging and the presence of interlobar septal thickening. The additional elements aim to cater
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Figure 1 Chest radiography and ultra-low dose computed tomography chest assessment of structural lung pathology. A: Chest radiography;
B: Axial ultra-low dose computed tomography (ULDCT); C: Coronal ULDCT; D: Axial ULDCT with lung windows of a 7-year-old female with dense medial middle lobe
consolidation (solid arrow & arrowhead), bilateral bronchiectasis (dashed arrow), lingular atelectasis (double line arrow) and basal centrilobular ground-glass nodules
(D). These representative images demonstrate the superiority of ULDCT in assessment of structural changes relating to primary ciliary dyskinesia in comparison to
plain radiography.

specifically to the PCD pattern of disease. While the initial results for both scoring systems show promise with strong
correlation to pulmonary function tests, they remain less well established than the Brody II score. Additionally, neither of
these scoring systems have been compared directly with the Brody II score to evaluate any differences in performance[24,
25]. Therefore, our study utilised the Brody II CF scoring system, which has previously been well established in PCD
cohorts, to minimise unknown variables in the assessment of our novel ULDCT chest protocol[9,10].

As seen in Table 1, inter-rater reliability for both overall Brody II score on CT and Chrispin Norman score on CR was
excellent. On more detailed analysis of the specific elements of the Brody II score, there was poor inter-rater reliability
when assessing bronchiectasis and peri-bronchial thickening. A likely cause for this is the relatively mild disease burden
of this young patient group and the inherent subjective nature of scoring systems.

Quantitative analysis of airway dilation and airway to artery ratios have been demonstrated in 13 paediatric patients
with PCD in comparison with healthy controls, highlighting the potential benefit of novel software developments in the
routine assessment of PCD patients[26]. Interestingly, in this study, airway thickening was not a predominant feature.

Objective and subjective image quality is grossly comparable to the small internal control group who underwent prior
modified low dose CT chest examination prior to this study (Table 2, Figure 3). The ability to conduct CT examinations at
such low radiation doses (mean ED 0.08 mSv), in combination with the added diagnostic value compared to CR, suggests
substantial implications for PCD imaging guidelines.

This study highlights the potential significant radiation dose saving available with the application of relatively straight-
forward imaging protocol adjustments, without compromising diagnostic integrity. ULDCT chest will establish and
maintain a central role in paediatric PCD diagnostics going forward. However, ULDCT may be further improved by a
revolutionary new CT technology: The photon counting CT (PCCT). This technology makes use of photon counting
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Figure 2 Comparison of ultra-low dose computed tomography chest and modified low dose computed tomography chest protocols. A-D:
Comparison of axial ultra-low dose chest computed tomography (CT) in lung windows (A) and soft tissue windows (C) and modified low dose chest CT images in lung
windows (B) and soft tissue windows (D) in the same paediatric patient acquired 7 years apart. These images demonstrate the acceptable assessment of lung
structure in ULDCT chest imaging.

as Objective image quality

4.0 mULDCT chest
3.5 m Modified low dose CT chest

3.0
2.5
2.0
1.5
1.0
0.5

0.0

_ Aortic arch Carina Largest cardiac
0.5 h
diameter
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Figure 3 Objective image quality comparison. Chart depicting mean signal to noise ratio (SNR) for the ultra-low dose CT (ULDCT) Chest and modified low
dose CT chest protocols at each of the three levels assessed. Data are plotted as mean and standard deviation as indicated by error bars. A comparable to improved
SNRis evident in our novel ULDCT Chest protocol. SNR: Signal to noise ratio; ULDCT: Ultra-low dose computed tomography; CT: Computed tomography.

detectors in place of the standard energy integrating detectors and shows great improvement in image resolution while
reducing radiation dose. Indeed, in the paediatric chest, PCCT offers improved visualisation of peripheral airways, the
bronchial wall and the bronchial segments, all of which may be useful in monitoring progression of PCD[27,28].
Furthermore, application of low dose image acquisition protocols to CT scanners with photon counting detectors shows
greater reductions in radiation dose levels with reduced image noise when compared with standard energy integrating
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detectors[29]. However, although promising for future use in PCD diagnostics and follow-up, this technology is unfortu-
nately limited by its scarce availability and high cost[30].

The strength of this study lies in its prospective design and the blinded image assessment of two consultant radio-
logists. This single centre study is limited with a small sample size, however, PCD remains a relatively rare condition.

CONCLUSION

ULDCT offers a viable alternative to conventional imaging for patients with PCD providing diagnostic quality images at
a dose equivalent to a frontal and lateral CR. These low-dose images can be reliably assessed with the Brody II scoring
system and offer superior diagnostic capability compared to CR. This study reinforces the limitations of CR and further
supports the integration of ULDCT into routine care with potential for further enhancement through new technologies
such as the photon counting CT. Although this study has limitations such as a small sample size and a single centre
cohort, the prospective design and blinded scoring strengthen the findings. Future research may be directed towards
validation of ULDCT in larger multicentre cohorts and assessment of newer technologies such as the photon counting CT
in a PCD specific cohort.
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AIM
To evaluate PCD CT in oncologic imaging, focusing on its role in tumor detection,
staging, and treatment response assessment.

METHODS

We performed a systematic PubMed search from January 1, 2017 to December 31,
2024, using the keywords “photon-counting CT”, “cancer”, and “tumor” to ide-
ntify studies on its use in oncologic imaging. We included experimental studies
on humans or human phantoms and excluded reviews, commentaries, editorials,
non-English, animal, and non-experimental studies. Study selection followed
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
Out of 175 initial studies, 39 met the inclusion criteria after screening and full-text
review. Data extraction focused on study type, country of origin, and oncologic
applications of photon-counting CT. No formal risk of bias assessment was
performed, and the review was not registered in PROSPERO as it did not include
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a meta-analysis.

RESULTS

Key findings highlighted the advantages of PCD CT in imaging renal masses, adrenal adenomas, ovarian cancer,
breast cancer, prostate cancer, pancreatic tumors, hepatocellular carcinoma, metastases, multiple myeloma, and
lung cancer. Additionally, PCD CT has demonstrated improved lesion characterization and enhanced diagnostic
accuracy in oncology. Despite its promising capabilities challenges related to data processing, storage, and access-
ibility remain.

CONCLUSION
As PCD CT technology evolves, its integration into routine oncologic imaging has the potential to significantly
enhance cancer diagnosis and patient management.

Key Words: Photon-counting detector CT; Oncologic imaging; Cancer detection; Tumor characterization; Spectral imaging;
Radiology; Computed tomography; Photon-counting detector CT applications; Diagnostic imaging; Radiation dose reduction
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Core Tip: Photon-counting detector (PCD) CT represents a paradigm shift in oncologic imaging, offering superior spatial
resolution, reduced radiation dose, and enhanced material decomposition compared with conventional CT. This study
highlighted the potential of PCD CT in tumor detection, characterization, and therapy response assessment, underscoring its
role in advancing precision oncology. By leveraging energy-resolved photon detection, PCD CT enhances lesion conspicuity
and quantification, paving the way for improved diagnostic accuracy and personalized treatment strategies.
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INTRODUCTION

Photon-counting detector (PCD) CT represents a groundbreaking advancement in radiological imaging, offering
significant improvements over traditional CT modalities. Traditional CT uses energy-integrating detectors (EIDs), which
sum the total energy deposited by X-ray photons. This process inherently reduces spectral information and limits spatial
resolution and image quality, especially in patients with a high body mass index. Unlike traditional EIDs, PCD CT
utilizes PCDs, which individually capture each X-ray photon and its energy, enabling enhanced spatial resolution,
contrast-to-noise ratio, and spectral imaging capabilities while reducing radiation dose. Beyond the hardware innovation
PCD CT integrates novel image reconstruction techniques such as virtual non-contrast (VNC) imaging, which allows
reconstruction of unenhanced images from contrast-enhanced scans, eliminating the need for multiple phases, and
quantum iterative reconstruction (QIR), which enhances image quality by reducing noise while preserving spatial detail.
This technological evolution aims to address several inherent limitations of conventional CT, providing a more refined
imaging tool for clinical practice[1].

The clinical potential of PCD CT has been under investigation for over a decade with early experimental systems
demonstrating promising results. However, the technology initially faced challenges related to detector performance
under high X-ray flux rates. A major milestone was achieved on September 29, 2021 when the Food and Drug Adminis-
tration cleared the first PCD CT scanner developed by Siemens Healthineers for clinical use. This regulatory approval
marked a turning point, providing real-world validation of the advantages of PCD CT[2]. This milestone marked the
beginning of broader clinical adoption with over 50 installations worldwide and a sharp rise in scientific publications
(over 500 in the last year) demonstrating increasing interest and application.

Among the various clinical domains where PCD CT is making strides, oncologic imaging is emerging as a key area of
interest. The superior spectral resolution, improved lesion characterization, and reduced radiation dose of PCD CT offer
distinct advantages in oncologic applications, particularly in tumor detection, staging, and treatment response assessment
[3,4]. However, the literature is currently fragmented, spanning diverse tumor types and protocols. This systematic
review aimed to consolidate these findings by evaluating trends, identifying strengths and limitations of PCD CT in
oncologic imaging, and presenting visual comparisons to clarify its clinical value relative to conventional CT.
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MATERIALS AND METHODS

A systematic search was conducted for the period of January 1, 2017 to December 31, 2024 using PubMed to identify
relevant literature on the applications of PCD CT in oncologic imaging. The search strategy included the following
keywords: (“photon-counting CT”) AND (“cancer”) and (“photon-counting CT”) AND (“tumor”). Studies were
considered eligible for inclusion if they were experimental studies involving human subjects or human phantom studies.
Non-experimental reports such as scoping reviews, narrative reviews, systematic reviews, and meta-analyses along with
editorials, letters, commentaries, non-English studies, and animal studies were excluded.

The study selection process followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines[5]. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram (Figure 1) outlines
the screening process, including study identification, screening, eligibility assessment, and final inclusion. Initially, 175
studies were identified from PubMed. After the removal of 27 ineligible studies using automation tools, 148 studies
remained for screening based on title and abstract. At this stage 73 studies were excluded, and the remaining 75 reports
were sought for retrieval. Six reports could not be retrieved, leading to a full-text assessment of 69 studies. Following this
assessment, 30 studies were excluded due to irrelevance, resulting in a final inclusion of 39 studies.

Data extraction focused on key study characteristics, including study type (comparison vs non-comparison), the first
author’s country of origin, and the application of PCD CT in oncologic imaging. A formal risk of bias assessment was not
conducted as the review primarily included experimental studies without direct intervention comparisons, thereby
minimizing the risk of systematic bias in study design. Data synthesis was performed using a qualitative approach to
summarize trends in the literature and the various applications of PCD CT in oncologic imaging.

This systematic review was not registered in PROSPERO because it did not involve a meta-analysis or a formal risk-of-
bias assessment, both of which are key requirements for PROSPERO registration (Figure 1).

RESULTS

The present systematic review included 39 studies with key trends illustrated in the form of charts. Figure 2 highlights
concentrated research efforts in high-resource settings with the United States contributing the most published studies
(n = 16), followed by Germany (n = 15) and France (n = 3). Lower contributions from countries like India (n = 1) and Iran
(n =1) underscored geographic disparities in PCD CT research accessibility. Figure 3 illustrates multiple myeloma as the
most frequently investigated malignancy (n = 6), followed by pancreatic tumors (1 = 5) and breast cancer (1 = 4) as well as
metastasis (1 = 4), reflecting diverse oncologic applications being investigated.

Figure 4 illustrates study design trends from 2017-2024, and our analyses demonstrated a marked increase in com-
parison studies [e.g., PCD CT vs conventional CT or magnetic resonance imaging (MRI)] beginning in 2017, coinciding
with Food and Drug Administration approval of the first clinical PCD CT scanner correlating with the necessity of
validating the diagnostic superiority of PCD CT. Starting in 2020, non-comparison studies have started to gradually
expand, demonstrating the diagnostic superiority of PCD CT (Figures 2, 3, and 4).

DISCUSSION

This systematic review highlighted the evolving role of PCD CT in oncologic imaging, showcasing its advantages over
conventional CT in terms of spatial resolution, spectral imaging, and radiation dose reduction. The increasing number of
experimental studies in recent years reflects the growing interest in integrating PCD CT into oncologic workflows with
applications spanning tumor detection, characterization, and treatment monitoring.

In the following sections we discussed the key applications of PCD CT in oncologic imaging, examining how this
technology enhances diagnostic accuracy, improves lesion differentiation, and influences clinical decision-making.
Furthermore, we explored current limitations and future directions that may shape the widespread adoption of PCD CT
in oncology.

Renal masses

PCD CT is comparable in performance with MRI in detecting and characterizing renal cell carcinoma and other renal
masses, particularly in terms of inter-reader reliability and sensitivity. This capability is especially beneficial in the
detection of benign renal cysts vs renal neoplasms in which the ability of PCD CT to differentiate based on iodine concen-
tration (IC) has proven effective. Specifically, studies have demonstrated that renal neoplasms exhibit higher IC values
compared with benign cysts with maximum and mean IC values offering excellent discriminatory power (area under the
curve = 0.983 and 0.992, respectively) for heterogeneous lesions[6]. Moreover, the single-phase imaging capability of PCD
CT reduces scan complexity and radiation exposure, an important consideration in clinical practice. However, challenges
remain with virtual monochromatic imaging (VMI) at low energy levels (e.g., 40 keV), which may misclassify non-
enhancing cysts as enhancing ones. Higher VMI levels (70 keV and above) appear optimal for minimizing such misclassi-
fication and ensuring accurate lesion characterization[7]. Furthermore, the use of VNC images derived from PCD CT has
shown promise in reliable cyst detection, potentially replacing non-contrast imaging to reduce radiation dose[8].
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram outlining the study selection process for a
systematic review of the applications of photon-counting detector CT in oncologic imaging.
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Figure 2 Number of publications by country. USA: United States of America.

Adrenal adenomas

The application of PCD CT in adrenal lesion characterization, particularly in differentiating adrenal adenomas from
metastases, has been explored with promising results. VNC reconstructions, both conventional and new algorithms, show
significant potential in distinguishing adrenal adenomas, which have lower CT values, from metastases, which typically
present with higher CT values[9]. However, while VNC reconstruction offers a useful diagnostic tool, it tends to overes-
timate CT values compared with true non-contrast images, suggesting that adjusted threshold values may be necessary
for optimal diagnostic accuracy. Studies have recommended thresholds of 26 Hounsfield unit (HU) instead of the
traditional 10 HU for accurate lesion differentiation. Further research with larger cohorts is necessary to refine these
thresholds and confirm the clinical utility of VNC reconstructions in routine practice[10].
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Figure 3 Types of tumors assessed by photon-counting detector CT and the relative number of publications.
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Figure 4 Frequency of comparison studies vs non-comparison studies in each year from 2017-2024.

Ovarian cancer

In the context of ovarian cancer, PCD CT has emerged as a novel tool for non-invasive real-time monitoring and dia-
gnosis. The selective uptake of gold nanoparticles by ovarian cancer cells has shown potential for enhancing PCD CT
imaging, offering both diagnostic and therapeutic applications[11]. The ability to characterize ovarian cancer with high
sensitivity, aided by advanced nanoparticulate formulations, suggests that PCD CT could become an essential component
in ovarian cancer detection and monitoring.
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Breast cancer

PCD CT has demonstrated superior diagnostic performance in breast cancer staging compared with traditional
mammography, particularly in terms of tumor conspicuity and classification of locoregional disease. Studies show that
PCD CT outperforms traditional mammography, especially in dense breasts, providing higher sensitivity and specificity
for detecting ductal carcinoma in situ and T classification of tumors[12]. Furthermore, the ability of PCD CT to detect
metastatic lymph nodes and multifocal breast cancer suggests its potential as a complementary modality to breast MRI in
certain clinical scenarios. In addition the higher diagnostic accuracy and inter-reader agreement observed with PCD CT
could lead to more confident clinical decision-making and improved patient outcomes.

Prostate cancer

While traditional CT imaging is limited in prostate cancer management due to its reliance on size-based assessments,
PCD CT offers a promising alternative by providing better tissue characterization through spectral imaging. This
capability enables more accurate evaluation of prostate cancer and its metastases with the added benefit of reduced
radiation exposure and improved radiotherapy treatment planning. However, despite these advantages technical
challenges remain. Specifically, image quality can degrade in pelvic imaging due to motion artifacts from bowel
peristalsis, beam hardening near the bladder and rectum, and high attenuation from surrounding bony structures. These
issues can compromise lesion conspicuity and spectral accuracy, limiting the reliability of PCD CT in certain diagnostic
and staging scenarios. As a result the clinical adoption of PCD CT in routine prostate cancer imaging remains cautious,
pending further technical refinements and validation in large-scale studies[13].

Pituitary tumors

In the case of pituitary tumors, particularly in the context of Cushing’s disease, dynamic contrast-enhanced PCD CT has
shown potential in improving adenoma identification. The ability of PCD CT to provide high-resolution imaging of the
pituitary gland, coupled with its ability to delineate the peripheral margins of adenomas, offers a distinct advantage in
presurgical planning. This technique when combined with advanced image reconstruction protocols provides enhanced
sensitivity in detecting hypoenhancing lesions, which are often difficult to visualize on conventional imaging modalities
like MRI[14].

Pancreatic tumors

PCD CT offers significant improvements over conventional EID CT in detecting and staging pancreatic ductal adenocar-
cinoma. Low keV VMI derived from PCD CT enhance tumor conspicuity, especially in the portal venous phase, which
aids earlier detection and diagnostic confidence[15]. Studies show that PCD CT improves tumor delineation and reduces
radiation dose compared to EID CT with substantial inter-reader agreement for vascular involvement in pancreatic ductal
adenocarcinoma, particularly in critical arteries and veins such as the celiac artery and superior mesenteric artery. These
improvements in image quality and diagnostic accuracy are critical for surgical planning[16,17].

Additionally, PCD CT excels in detecting small pancreatic lesions, such as side-branch intraductal papillary mucinous
neoplasms, which are challenging to detect on conventional CT. In a prevalence study PCD CT demonstrated higher cyst
detection rates (4.9% vs 3.0%, P = 0.017) and detected previously overlooked cysts, further highlighting its potential in
early tumor detection and surveillance[18]. An example of this high-precision visualization is shown in Figure 5[19],
which demonstrates a superior depiction of a pancreatic insulinoma using PCD CT when compared with conventional
CT and MRL

Hepatocellular carcinoma

PCD CT combined with QIR provides superior image quality for diagnosing hepatocellular carcinoma in patients with
cirrhosis. Higher QIR levels (e.g., QIR-4) significantly reduce image noise, improving the contrast-to-noise ratio by up to
50%. Soft reconstruction kernels with a sharpness level of 36 offer the best balance between noise suppression and lesion
visualization, making them ideal for spectral imaging applications in oncologic settings[20,21]. These advancements in
PCD CT reconstruction parameters improve lesion conspicuity and may enhance diagnostic confidence in routine clinical
practice (Figure 5).

Metastasis

PCD CT has demonstrated significant advantages in oncologic imaging, particularly in detecting bone metastases. It
provides improved lesion characterization with reduced inter-reader variability, helping assess tumor size and structural
integrity. PCD CT also offers substantial radiation dose reduction compared with dual-source (DS) CT while maintaining
or improving image quality[22,23]. In peritoneal metastasis assessment spectral PCD CT has improved contrast
resolution, especially with low-energy virtual monoenergetic images, aiding in better differentiation between malignant
and benign lesions[23,24].

Multiple myeloma
Several studies have compared the diagnostic impact of PCD CT vs EID CT in the context of multiple myeloma. Baffour et
al[25] showed that whole-body low-dose PCD CT in ultra-high-resolution mode with and without a deep learning noise
reduction algorithm was superior in viewing multiple myeloma lesions compared with EID CT[25].

In a prospective study involving 7 patients with monoclonal gammopathy, it was demonstrated that PCD CT offered
significant benefits for multiple myeloma imaging compared with EID CT with both imaging modalities performed
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Negative MRI

No tumor visible

Figure 5 Combination of high resolution and spectral information obtained with photon-counting detector CT. NAEOTOM Alpha allows the
high-precision visualization of a pancreatic insulinoma with high precision when compared with conventional CT and magnetic resonance imaging[19]. Citation:
Siemens Healthineers. The NAEOTOM Alpha class. Available from: https://www.siemens-healthineers.com/computed-tomography/naeotom. Copyright ©Siemens
Healthineers AG 2024. The authors have obtained the permission (Supplementary material). MRI: Magnetic resonance imaging.

under standardized protocols. Specifically, PCD CT delivered an 83% reduction in radiation dose compared with EID CT,
and PCD CT identified 79% of osteolytic lesions compared with 64% detected with EID CT; moreover, PCD CT de-
monstrated more sensitivity for small (< 1 cm) lesions without statistically significant differences in larger axial regions
[26].

Similarly, a study involving 9 patients with stage III myeloma who underwent imaging of the lower lumbar spine and
pelvis showed that PCD CT identified 21% more osteolytic bone lesions than EID CT with improved sensitivity for
smaller lesions[27].

Compared with EIDs, PCDs significantly increase the spatial resolution of bone microstructure in patients with
multiple myeloma. Subjective and objective image quality comparison of bone microstructure and disease-related
abnormalities in multiple myeloma patients using a first-generation DS-PCD CT and a second-generation DS-EID CT
showed that overall quality as well as detectability and sharpness in the delineation of lytic bone lesions were superior for
DS-PCD CT compared with DS-EID CT (P < 0.0001; Figure 6)[19]. The quantitative metric for bone microstructure in the
femoral head showed significantly better visualization of trabeculae in DS-PCD CT compared with DS-EID CT

(P <0.0001). Quantitative analyses of edge sharpness of osteolysis showed significant steeper edges for DS-PCD CT
(P < 0.0001)[28,29].

Lung cancer

Symons et al[28] evaluated the feasibility of using a whole-body PCD CT scanner for low dose lung cancer screening
compared with a conventional EID CT system and showed that PCD CT provides better HU stability for lung, ground-
glass, and emphysema equivalent forms at lower radiation dose settings with better reproducibility than EID CT.
Additionally, PCD CT showed up to 10% less noise and 11% higher contrast-to-noise ratio at 0.75 mGy for both 100 and
80 kVp. Thus, PCD CT technology may help reduce radiation exposure in lung cancer screening while maintaining
diagnostic quality[30,31].

Similarly, another study evaluated the potential of PCD CT for dose reduction in pulmonary nodule visualization for
human readers as well as for computer-aided detection (CAD) studies. At the half radiation dose, sensitivity remained
100% for the human reader and CAD studies in PCD CT. At the quarter radiation dose, PCD CT achieved the same
results as EID CT at the standard radiation dose setting (93%, P = 1.00) in human reading studies. Thus, CAD algorithms
can be effective even at ultra-low doses[32].

Limitations

This systematic review had several limitations. First, trends in the literature may have changed in 2025, potentially
influencing the relevance and applicability of our findings. As the field of PCD CT continues to evolve, newer studies
published beyond our search period may provide additional insights into its oncologic applications. Second, our study
was limited to PubMed as the sole database for literature retrieval. While this decision was made to ensure that included
studies met the rigorous indexing criteria of PubMed, particularly given the clinical nature of our review, it may have led

WIR | https://www.wjgnet.com 7 August 28,2025 | Volume17 | Issue8 |

Jaishideng®


https://www.siemens-healthineers.com/computed-tomography/naeotom
https://f6publishing.blob.core.windows.net/763ec3b6-6995-439c-afd2-35529b42a45b/107732-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/763ec3b6-6995-439c-afd2-35529b42a45b/107732-supplementary-material.pdf

Arachchige ASPM et al. PCD CT in oncologic imaging

Figure 6 Comparison between second generation dual energy CT and photon-counting detector CT. The images were obtained from the vertebra
of a 56-year-old patient with multiple myeloma[19]. Note the improvement in spatial resolution in the photon-counting detector CT image with a better depiction of
trabeculae and osteolysis. A: Second generation dual energy CT; B: Photon-counting detector CT. Citation: Siemens Healthineers. The NAEOTOM Alpha class.
Available from: https://www.siemens-healthineers.com/computed-tomography/naeotom. Copyright ©Siemens Healthineers AG 2024. The authors have obtained the
permission (Supplementary material).

to the omission of relevant studies from other databases such as Web of Science, Google Scholar, EMBASE, and Scopus.
As a result some valuable contributions from non-PubMed-indexed journals may not have been considered in our
analysis. Future systematic reviews incorporating multiple databases may provide a more comprehensive overview of
the expanding role of PCD CT in oncologic imaging.

CONCLUSION

Despite all the benefits arising from the ultra-high resolution, some limitations need to be addressed mainly linked to the
large amount of data extracted, amounting to approximately 16-fold of that of standard CT and giving rise to problems of
storage and extreme data volumes to be processed[32]. PCD CT is poised to significantly enhance oncologic imaging by
providing unprecedented image quality, reducing radiation doses, and improving diagnostic accuracy. As the technology
continues to evolve and become more widely adopted, it is likely to play a central role in pushing the borders of cancer
imaging, ultimately leading to better patient outcomes.
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Abstract

BACKGROUND

Ultrasound (US) can be a valuable tool for assessing arthritis associated with infla-
mmatory bowel disease (IBD), especially in cases of psoriatic disease. The clinical
case reviewed in this article addresses an exploratory finding that evaluates the
effects of immunobiological treatments on dactylitis and IBD with the use of US
techniques.

CASE SUMMARY

A 40-year-old Caucasian woman with psoriatic arthritis (PsA) and ulcerative
colitis (UC) reported experiencing finger pain, knee arthritis, and bloody diarrhea.
She showed a high Disease Activity index for PsA score and a severe Mayo score.
She began treatment with adalimumab. Over the course of six months, the
18 MHz US procedure was performed on her joints and a 3.5 MHz US on her in-
testines. The joint US indicated dactylitis and swelling in her finger joints, while
the intestinal US revealed 6.6 mm swelling in the sigmoid colon, increased
abdominal fat, and high Doppler signal. Her fecal calprotectin level was 5984
mg/kg, and a colonoscopy showed that UC extended to the hepatic flexure, along
with mild narrowing of the transverse colon. After six months treatment, all
parameters showed improvement, including a remission of the Mayo score, better
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colonoscopy results, and Limberg score of 0.

CONCLUSION
More research is needed to find out the importance of using US in patients with PsA and UC as this could improve
treatment strategies.

Key Words: Ultrasonography; Psoriatic arthritis; Ulcerative colitis; Tumor necrosis factor; Case report
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Core Tip: This case study highlights a promising ultrasound (US) use in the simultaneous assessment of joint and intestinal
inflammation in a patient diagnosed with psoriatic arthritis (PsA) and ulcerative colitis (UC). By employing high-frequency
US (18 MHz) to evaluate dactylitis as well as abdominal US (3.5 MHz) to detect colonic inflammation, the findings un-
derscore the versatility of this imaging technique. Following a six-month treatment regimen with adalimumab, significant
improvements were observed in various clinical, laboratory, endoscopic, and sonographic parameters. These results suggest
that US may represent a valuable tool for the integrated monitoring of PsA and UC and can potentially guide and enhance
therapeutic strategies.

Citation: Mendonga JA, de Aquino JLB. Does ultrasound detect joint and intestinal changes in psoriatic arthritis and ulcerative colitis
after immunobiological treatment: A case report. World J Radiol 2025; 17(8): 109146
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INTRODUCTION

Psoriasis (PsO) is associated with several manifestations, including joint involvement and systemic conditions such as
uveitis and inflammatory bowel disease (IBD). Patients with PsO, psoriatic arthritis (PsA), and spondyloarthritis have a 1-
4 times higher risk and a 1-6 times higher risk of developing IBD compared to the general population. IBD includes
primarily two main forms: (1) Crohn's disease (CD); and (2) Ulcerative colitis (UC). Both CD and UC are chronic dis-
orders characterized by intermittent remission phases and periods of active inflammation, with symptoms such as
abdominal pain, diarrhea, and rectal bleeding. The risk of developing PsO, PsA, ankylosing spondylitis (AS), and IBD is
polygenic and often these disorders overlap, which may explain the clustering of immune-mediated chronic inflam-
matory diseases with various phenotypes across generations[1]. IBD encompasses two conditions: (1) CD, which can
affect any part of the gastrointestinal tract in a discontinuous manner and impact the intestinal wall transmurally; and (2)
UC, which affects the mucosa continuum and concentrates primarily in the rectum[1-3]. Notably, the prevalence of IBD
does not reflect the significant rates of subclinical intestinal involvement detected by endoscopic examinations or
biopsies; actually, this condition rate can be as high as 65%-70%. A connection between joint manifestations and IBD may
also be observed.

The pathophysiology underlying the hypothesis of "arthritogenic bowel" involves genetic factors. A significant cause is
the high prevalence of the human leukocyte antigen (HLA)-B27 antigen, found in approximately 25% of individuals with
spondyloarthritis and 78% of those with IBD. Other genetic factors, such as HLA-DRB1 and HLA-B44, have also been
identified, along with non-histocompatibility factors like variations in the CARD15 gene, which increases the risk of
sacroiliitis in CD[4,5]. These conditions are supported by transcriptomic analysis, which identifies CD 64+ myeloid cells
as a source of interleukin (IL)-23 stimulation in the intestine. The situation is exacerbated by epigenetic alterations th-
ought to occur due to microbial dysbiosis, triggering the transcription of several interleukins, including IL-17 and tumor
necrosis factor (TNF). This process leads to the differentiation of Th17 Lymphocytes, mediated by autoreactive T and B
lymphocytes. Consequently, locally recruited macrophages and lymphocytes that express intestinal markers, along with
cytokines IL-17 and IL-23, can migrate through the intestinal vasculature. This movement is facilitated by increased
vascular permeability associated with inflammation, allowing those cells to reach the synovial vessels. While substantial
evidence supports such hypothesis, further research is necessary for its validation.[5,6].

Regarding AS, few reports detailing this disorder association with IBD are available. However, one study indicates a
significant reduction in microbiota among AS patients, demonstrating dysbiosis similar to that seen in IBD patients, with
a comparable bacterial profile. Nevertheless, stronger evidence is needed to provide more evidence for this association[7].

In recent years, high-resolution ultrasound (US), particularly Doppler technology in US, has proven beneficial in
diagnosing and monitoring rheumatological diseases helping to evaluate synovitis and enthesopathies, especially in cases
of subclinical disease activity. Advances in understanding intestinal imaging using US techniques have also allowed for
the demonstration of pathological changes associated with IBD[8,9]. US can help characterize intestinal inflammation by
highlighting hypoechogenicity and thickening of the inflamed intestinal wall, while Doppler assesses vascular changes
due to intense neovascularization, inflammatory infiltration, small artery thrombosis, and dilation of arteries and veins
that are manifestations of IBD[9,10].
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CASE PRESENTATION

Chief complaints
This clinical case emphasizes the importance of US for assessing joint ill manifestations as well as detecting intestinal
inflammation and helping monitoring treatments.

History of present illness

Two patients, 51 * 11 years of age, were diagnosed with PsA and UC through colonoscopy. The intestinal US examin-
ations performed revealed signs of inflammation while remaining blinded to their clinical conditions. One patient was
female and the other was male. The female patient, a businesswoman, completed US treatment and follow-up, allowing
her to be included in the study. In contrast, the male patient was excluded due to lack of follow-up on his intestinal US
procedure.

History of past illness
The female patient had been diagnosed with PsO on her scalp and elbows eight years before.

Personal and family history

After experiencing skin lesions for four years, she began to develop inflammatory joint pain while opening and closing
her fingers, along with arthritis in her left knee. Three years after these joint complaints started, she experienced over 20
episodes of bloody diarrhea and was subsequently diagnosed with UC. Her father had been diagnosed with PsA 20 years
earlier.

Physical examination

Before starting the adalimumab treatment, the patient’s exams indicated she had: (1) Mild PsO according to the Psoriasis
Area and Severity Index (PASI); (2) High score on the Disease Activity Index for PsA (DAPSA); and (3) Severe Mayo score
(Table 1). The clinical evaluation was conducted using the PASI, which measures the severity of PsO based on four
criteria: (1) Crythema; (2) Induration; (3) Scaling; and (4) The extent of the affected area. The severity of skin involvement
is categorized based on the surface area affected (BSA) as follows: (1) No PsO (0 BSA); (2) Mild (< 10 BSA); (3) Moderate
(10-20 BSA); and (4) Severe (> 20 BSA)[11].

To assess arthritis, the DAPSA score was used. This score includes the number of painful and swollen joints (28 in
total), the patient’s visual analogue pain scale (ranging from 0 to 10), the physician’s assessment, and the inflammatory
marker C-reactive protein. Disease activity is classified into four categories: (1) High (= 28); (2) Moderate (15-28); (3) Low
(5-14); and (4) In remission (< 4)[12-14].

Laboratory examinations

The patient’s laboratory exams showed a negative rheumatoid factor, a fecal calprotectin level of 5984 mg/kg[15],
serology testing for hepatitis B, C, human immunodeficiency virus, and syphilis, a negative Mantoux test, and no
anomalies on the chest X-ray.

Imaging examinations

The patient gave her consent by signing the Informed Consent Form for the US evaluation and other procedures condu-
cted at the Rheumatology Clinic. This evaluation was performed by a single rheumatologist with 17 years’ experience in
general and articular US examinations, specifically for rheumatology and immune-mediated diseases, as part of the
University's postgraduate program and the Hospital's US service. The assessment followed established protocols, using
all appropriate equipment configurations for monitoring the treatment, and all images were recorded on an external hard
drive. For the evaluation, the MyLab Gold 25 US system (Esaote SpA, Sdo Paulo, Brazil) was used. It was equipped with
an 18 MHz high-frequency linear probe for use in the joint assessment and a 3.5 MHz convex probe for intestinal
examination. The Doppler specifications were standardized, featuring a frequency range of 2.5-8.0 MHz and pulse
repetition frequencies of 0.7-1.0 kHz. The joints US assessment covered all the fingers, evaluating both dorsal and palmar
recesses[9,16]. The intestinal US evaluation was conducted with the patient fasting and positioned supine to preserve the
intestines' physiological state, minimizing interference from luminal contents and vascular changes. A comprehensive
assessment of both the small intestine and colon was performed, scanning all segments in both the long and short axes,
paying particular attention to any abnormal areas. The intestinal loops in the sigmoid colon region, including assessments
of mesenteric fat thickening were specifically measured. Doppler signal evaluations were carried out to monitor the
treatment parameters. Importantly, oral contrast was not used, as US allows dynamic, real-time observation of intestinal
movements and caliber while the patient is at rest. The evaluation focused on the five concentric, compressible layers
with varying echogenicities, assessing increased wall thickness greater than 3 mm, depending on the specific location.
Additionally, the mesenteric fat and Doppler signal were graded from 0 to 3 to semi-quantify the severity of the inflam-
matory process[9,17].

MULTIDISCIPLINARY EXPERT CONSULTATION

When there is a link between arthritis and IBD, the concept of an arthritogenic bowel becomes particularly important.
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Table 1 Clinical, ultrasound, laboratory, and colonoscopy parameters before and after treatment

Before After
Psoriasis Area and Severity Index 8.3 2.0
Disease Activity Index for Psoriatic Arthritis 29.16 0
Mayo score 12 0
Paratenonitis Present Absent
Fecal calprotectin 5984 mg/kg 600 mg/kg
Colonoscopy Intense inflammation Remission
Intestinal wall thickness 6.6 mm 2.8 mm
Degree of thickening of perienteric fat 2 0
Doppler degree in the intestinal wall 3 0

This connection emphasizes the need for a multidisciplinary approach, which is associated with better clinical outcomes.
These outcomes include higher rates of sustained remission, reduced hospitalizations stay and reduced surgical
procedures, as well as an overall improved quality of life as reported by patients. Additionally, a multidisciplinary
approach encourages collaborative clinical decision-making, humanizes patient care, and enhances the integration of
support, education, and research within specialized centers. Therefore, it is crucial to promote and incorporate
multidisciplinary consultations as a standard practice for managing patients with UC, especially in complex clinical
situations within tertiary care centers and IBD referral units[18,19].

FINAL DIAGNOSIS

The fingers’ joints examination revealed findings consistent with dactylitis, which was attributed to significant paraten-
onitis in the second and third proximal interphalangeal joints of the right hand, characterized by effusion. A bowel US
showed 6.6 mm edema in the sigmoid colon wall and indicated grade 2 mesenteric fat and grade 3 Doppler signal on the
Limberg scale. Additionally, a colonoscopy revealed severe UC extending to the hepatic flexure and mild stenosis of the
transverse colon, with a Mayo score 3 and 7 UC Disease Activity Index Score.

TREATMENT

The treatment consisted of 100 mg adalimumab and azathioprine during six months.

OUTCOME AND FOLLOW-UP

All clinical, US, laboratory, and colonoscopy parameters showed improvement, indicating preserved mucosa with a
distinct vascular pattern, with no edema, erosions, or ulcerations, and no signs of inflammatory activity (Table 1, Figures
1,2 and 3).

Figure 1 Follow-up treatment after the use of adalimumab. A: It shows the presence of effusion as indicated by the color map in B-mode; B: It shows the
absence of effusion (arrows). They illustrate the longitudinal dorsal recess of the second proximal interphalangeal joint with peritendinitis.
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Figure 2 Monitoring intestinal inflammatory activity: Improvement after adalimumab treatment. A and B: Reduced intestinal wall thickening
(arrows) and perienteric fat (star) (short axis images of the sigmoid colon); C and D: Decreased Doppler signal per the Limberg scale (arrows).

Figure 3 Treatment follow-up after adalimumab use. A: Colonoscopy show intense proctocolitis; B: Remission, respectively.

DISCUSSION

High-resolution B-mode and Doppler ultrasonography effectively translate clinical and often subclinical dactylitis into
observable conditions such as synovitis, tenosynovitis, enthesitis, and inflammation of both the subcutaneous tissue and
the periextensor tendon. Recently, a dactylitis score scale has been developed for patients with PsA, as this condition can
be challenging to detect during clinical examinations. Patients frequently exhibit US abnormalities without accompanying
inflammatory signs. The clinical significance of dactylitis is highlighted by its role as a marker of disease aggressiveness
and poor prognosis in affected patients. An US study found that 35.7% of PsO patients exhibited subclinical dactylitis
compared to a control group, along with a 30% occurrence of moderate peritendinitis of the fingers” extensor tendon[18,
20,21].

The use of US in UC has proven beneficial as it helps to identify structural damage to the large intestine a damage
which is an indication of an active inflammatory process in the bowel. Accuracy of US in assessing the bowel inflam-
mation extent and severity, as well as in monitoring therapeutic responses has been evidenced[19].

The TNF plays a crucial role in the pathogenesis of immune-mediated inflammatory diseases; hence, inhibiting TNF is
vital for managing severe and progressive inflammatory conditions. This intervention can lead to rapid and sustained
clinical remission, enhance quality of life, and prevent damage to other target organs. Adalimumab, the first fully human
monoclonal antibody targeting TNF, has demonstrated efficacy and tolerability in patients with various extensive inflam-
matory diseases, including PsA, plaque PsO, and IBD such as CD and UC. Accurate mapping of intestinal manifestations
in patients with PsA is crucial, as it allows for more precise treatment approaches. Adjustments in the therapeutic classes
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and the potential increase of the anti-TNF drug dosage may be necessary for effectively managing intestinal inflam-
mation, since differences in dosing requirements compared to arthritis treatment exist. Research indicates that a higher
dosage of adalimumab achieves sustained efficacy in inducing remission of intestinal inflammation, reporting a 25%
success rate in moderate to severe cases over four years[22,23].

However, the limitations of US in UC affect its effectiveness in the assessments, as inflammation primarily affects the
mucosa. The technique is better suited for identifying changes in deeper bowel layers, as seen in CD. Visualizing the
rectum can be challenging, and mild or microscopic inflammation may not be detected, the tissues often appearing
normal. In cases of remission, the bowel wall thickness typically returns to normal, further decreasing US sensitivity.
Factors such as flatulence, obesity, and operator’s skill can also impact image quality. Therefore, while US may have some
use, it cannot replace colonoscopy for confirming remission or for monitoring[19].

CONCLUSION

Our study emphasizes the importance of joint and intestinal mapping when treating patients with a humanized mo-
noclonal anti-TNF agent. Further research is needed to determine the necessity of US monitoring in patients with PsA and
IBD. This could improve the selection of safer and more appropriate treatment options for these patients.
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Abstract

BACKGROUND

Signet ring cell carcinoma originating from the appendix is extremely rare, and
the lack of specific clinical symptoms and imaging features makes preoperative
diagnosis particularly challenging.

CASE SUMMARY

We report a case of a 49-year-old woman who presented with irregular vaginal
bleeding lasting more than five months. Computed tomography (CT) and mag-
netic resonance imaging (MRI) revealed an enlarged appendix with a thickened
wall and progressive enhancement after contrast administration. The uterine
myometrium and cervix were markedly thickened, with heterogeneous density
and signal intensity, along with progressive enhancement. The uterine serosal
surface remained intact. Preoperative MRI suggested diffuse uterine adenomyo-
sis; however, postoperative histopathology confirmed Signet ring cell carcinoma
originating from the appendix with implantation involving the entire uterus.

CONCLUSION

Imaging showed appendiceal wall thickening and marked thickening of the
uterine myometrium, with lesions demonstrating progressive enhancement after
contrast administration. These findings should raise suspicion for the implan-
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tation of Signet ring cell carcinoma originating from the appendix and involving the uterus. Signet ring cell
carcinoma originating from the appendix is relatively rare, and its imaging features are seldom reported, making
preoperative diagnosis extremely challenging. This study retrospectively analyzes a case of Signet ring cell
carcinoma originating from the appendix with implantation involving the entire uterus. The imaging character-
istics of the appendix and the uterus were evaluated using CT and MRI to enhance awareness of this disease.

Key Words: Signet ring cell carcinoma; Appendix; Magnetic resonance imaging; Malignant tumor; Case report

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Signet ring cell carcinoma originating from the appendix is relatively rare, and its imaging features are seldom
reported, making preoperative diagnosis extremely challenging. This study retrospectively analyzes a case of Signet ring cell
carcinoma originating from the appendix and implantation to the entire uterus. The imaging characteristics of both the
appendix and the uterus were analyzed using computed tomography and magnetic resonance imaging, with the aim of
enhancing awareness of this disease.
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INTRODUCTION

Signet ring cell carcinoma is a distinct clinical and pathological subtype of colorectal cancer, characterized by aggressive
behavior and a low incidence of approximately 0.6%-2.3%[1-6]. Signet ring cell carcinoma originating from the appendix
is even rarer, accounting for about 16% of all Signet ring cell carcinoma cases[6]. Approximately 93% of appendiceal
signet ring cell carcinomas have metastasized to adjacent organs, lymph nodes, or the peritoneal cavity at diagnosis[6].
Early detection and intervention are therefore essential for improving patient outcomes[7]. Accurate preoperative
diagnosis remains challenging because of nonspecific clinical symptoms and a lack of characteristic imaging findings.
This report presents a rare case of appendiceal Signet ring cell carcinoma with implantation to the entire uterus,
emphasizing its computed tomography (CT) and magnetic resonance imaging (MRI) characteristics to improve disease
recognition.

CASE PRESENTATION

Chief complaints
A 49-year-old woman presented with more than 5 months of irregular vaginal bleeding.

History of present illness

Her last menstrual period occurred on April 15, 2023, and was initially accompanied by heavy bleeding. She sought care
at a local hospital and received unspecified medical therapy that reduced the bleeding; intermittent spotting persisted.
She denied significant abdominal pain, dizziness, headache, palpitations, or anal fullness.

History of past illness
No notable past medical history.

Personal and family history
There was no significant personal and family history.

Physical examination

Vital signs were as follows: Temperature, 36.8 °C; heart rate, 75 beats per minute; respiratory rate, 19 breaths per min; and
blood pressure, 150/82 mmHg. She was alert and appeared well, with no jaundice of the skin or sclera. Cardiopulmonary
auscultation was unremarkable. The liver and spleen were not palpable below the costal margins, and there was no
edema of the lower extremities.

Laboratory examinations

Laboratory results were as follows: Hemoglobin 94 g/L (reference range: 115-150 g/L); carcinoembryonic antigen
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6.2 ng/mL (<5 ng/mL); cancer antigen 125 60.2 U/mL (< 35 U/mL); cancer antigen 19-9 3.2 U/mL (< 37 U/mL); human
epididymis protein 4 50.1 pmol/L (< 70 pmol/L for premenopausal women); and risk of ovarian malignancy algorithm
index 8.11% (reference range for premenopausal women, 0%-7.4%.

Imaging examinations

Enhancement rate measurement method: A round region-of-interest (20-40 mm?) was set in the solid component of
lesion. Plain scan CT value, arterial phase CT value, venous phase CT value and lag phase CT value were measured on
the same level, and each CT value was measured three times. The means were recorded as the final results. CT
enhancement rate of arterial phase: (Arterial phase CT value-plain scan CT value)/plain scan CT value. Enhancement rate
of venous phase: (Venous phase CT value-plain scan CT value)/plain scan CT value. Enhancement rate of lag phase: (Lag
phase CT value-plain scan CT value)/plain scan CT value[8]. The enhancement rate of lesion in MR referred to the CT
measurement method. The MR enhancement rate of arterial phase: (Arterial phase MR value-plain scan MR value)/plain
scan MR value. Enhancement rate of venous phase: (Venous phase MR value-plain scan MR value)/plain scan MR value.
Enhancement rate of lag phase: (Lag phase MR value-plain scan MR value)/plain scan MR value.

CT findings: The appendix was enlarged with concentric wall thickening and lacked significant intraluminal gas or
fecalith-like density. Following contrast administration, the appendiceal wall demonstrated gradual and progressive
enhancement, with enhancement rates of 17.8% in the arterial phase, 21.4% in the venous phase, and 46.4% in the delayed
phase (Figure 1A). The lesion exhibited a clear boundary from the surrounding tissues, with no evidence of exudative
changes.

The uterus appeared uniformly enlarged with an uneven myometrial texture and a smooth perimetrium. It also
showed continuous progressive enhancement after contrast administration (Figure 1B), with enhancement rates of 25.0%
in the arterial phase, 36.8% in the venous phase, and 55.3% in the delayed phase. The uterine lesion maintained a well-
defined border from adjacent structures. No obvious pelvic lymphadenopathy was observed.

MRI findings: The appendix appeared enlarged, demonstrating isointensity on T1-weighted imaging (TIWI) and slight
hyperintensity on T2-weighted imaging (T2WI) (Figure 2A). Diffusion-weighted imaging (DWI) showed mildly
hyperintense signals, with no significant reduction in the apparent diffusion coefficient value. After contrast adminis-
tration, the lesion exhibited gradual and progressive enhancement, with enhancement rates of 35.4% in the arterial phase,
60.6% in the venous phase, and 71.6% in the delayed phase. The lesion was well demarcated from adjacent tissues.

The uterine junctional zone was indistinct, with significant thickening of the myometrium and cervix. The lesion
showed isointensity on TIWI and iso- to hyperintense signals on T2WI (Figure 2B). DWI revealed mild hyperintensity
(Figure 2C), and the ADC value showed no obvious reduction. Post-contrast images demonstrated gradual and
progressive enhancement of the uterus and cervix (Figure 2D), with enhancement rates of 35.8% in the arterial phase,
76.6% in the venous phase, and 97.5% in the delayed phase.

Both ovaries were clearly visualized, showing no abnormal signal on DWI and no significant enhancement post-
contrast. A small amount of free fluid was noted in the pelvic cavity.

CT diagnosis: Enlarged appendix noted; differential diagnosis requires further evaluation. Significant uterine enlar-
gement with heterogeneous myometrial enhancement was observed.

MRI diagnosis: Thickened appendix; specialist consultation recommended for comprehensive assessment. Marked
heterogeneous thickening of the myometrium and cervix, suggestive of diffuse adenomyosis; additional evaluation
warranted. Small volume of free pelvic fluid.

Preliminary clinical diagnosis: Abnormal uterine bleeding; mild anemia; uterine adenomyosis; appendiceal tumor?

Postoperative pathological diagnosis: Appendiceal Signet ring cell carcinoma involved the entire appendix and serosa,
extending into the cecal muscular layer and serosa. Signet ring cell carcinoma was identified in the endometrium,
myometrium, and serosa. Signet ring cell carcinoma also involved the cervical stroma.

FINAL DIAGNOSIS

Appendiceal Signet ring cell carcinoma involved the entire appendix and serosa (Figure 3), extending into the cecal
muscle layer, serosa. Signet ring cell carcinoma was identified in the endometrium, myometrium, and serosa (Figure 4).
Signet ring cell carcinoma also involved the cervical stroma.

TREATMENT

The patient received adjuvant chemotherapy after surgery.
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Figure 1 Computed tomography features of the appendix and uterus. A: Computed tomography (CT) enhanced coronal view: Coarsening appendix
(arrowhead), strengthening after enhancement, clear boundary between focus and surrounding tissues; B: CT enhanced sagittal view: Obvious uterus enlargement,
obvious muscular.

OUTCOME AND FOLLOW-UP

Has been followed for two years. Regular monitoring with tumor markers and imaging has revealed no evidence of
recurrence, and follow-up is ongoing.

DISCUSSION

Appendiceal Signet ring cell carcinoma often presents with nonspecific clinical manifestations and may be asymptomatic
or mimic acute appendicitis[7,9]. The tumor commonly causes obstruction of the appendiceal lumen, leading to increased
intraluminal pressure or compression of the appendiceal mesentery. This results in ischemia, congestion, and potentially
secondary bacterial infection. These pathological changes manifest as appendicitis, influenced by the appendix’s ana-
tomical characteristics, making preoperative diagnosis extremely challenging. Therefore, histopathological evaluation
after surgery is essential for accurate diagnosis[10]. Signet ring cell carcinoma is considered the histopathological subtype
of gastrointestinal cancers with the poorest prognosis[11], characterized by high invasiveness and aggressive clinical
behavior[12]. Alarmingly, the 5-year survival rate is only 7%[6]. Turaga et al[13] reported a median survival time of
24 months for patients with appendiceal. Signet ring cell carcinoma. The patient received adjuvant chemotherapy after
surgery and has been followed for two years. Regular monitoring with tumor markers and imaging has revealed no
evidence of recurrence, and follow-up is ongoing[14-17].

In this case, the appendix was enlarged and exhibited concentric wall thickening, consistent with the findings reported
by Cho et al[14]. Both CT and MRI demonstrated gradual progressive enhancement following contrast administration,
resembling the enhancement pattern described by Wang et al[16]. The uterus and cervix, affected by tumor implantation,
showed diffuse thickening with an indistinct junctional zone. The uterine serosal layer remained intact, and the uterine
lesions exhibited gradual progressive enhancement similar to the primary appendiceal lesion.

Based on this case and a review of the literature, several insights can be summarized: (1) Following implantation of
Signet ring cell carcinoma to the uterus, diffuse thickening of the uterine myometrium may occur, often involving the
cervix; (2) MRI characteristics of both primary and implantation lesions typically include iso-intensity on TIWI, iso- to
hyperintensity on T2WI, slightly increased signal on DWI, with both CT and MRI showing gradual progressive
enhancement after contrast administration; and (3) A small amount of ascitic fluid may be present in the pelvic cavity.

Preoperative accurate diagnosis is critical, as it may necessitate modifications in the surgical approach and the extent of
resection[18]. Patients with appendiceal malignancy often present with symptoms and signs that mimic acute ap-
pendicitis[7]. In this case, the appendix appeared enlarged with concentric wall thickening, without signs of exudation,
and was clearly demarcated from surrounding tissues; therefore, acute appendicitis was not considered. However, both
preoperative CT and MRI failed to establish an accurate diagnosis. The uterine lesion was preoperatively misdiagnosed
by MRI and clinically as adenomyosis.

Retrospective analysis revealed that the Signet ring cell carcinoma had metastasized to the uterus, and several features
distinguished it from uterine adenomyosis: (1) Adenomyosis commonly presents with dysmenorrhea[19], whereas this
patient had no history of abdominal pain; (2) Adenomyosis typically involves the uterine myometrium and rarely affects
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Figure 2 Magnetic resonance imaging features of appendix and uterus. A: T2-weighted imaging (T2WI) transverse view: Coarsening appendix
(arrowhead), T2WI high signal, and signals are relatively uniform; B: T2WI sagittal view, obvious thickening mesometrium (arrowhead), and ambiguous display of
bonding zone; C: Diffusion-weighted imaging, the enlarged uterus presents slightly high signals; D: T1-weighted imaging enhanced sagittal view, strengthening
mesometrium and relatively complete serosa.

the cervix, while in this case, both the uterus and cervix were involved; and (3) Typical MRI findings of adenomyosis
include high signal intensity in the myometrium on T2WI and focal high signal on TIWI in cases of hemorrhage[20]. In
contrast, this case demonstrated significant myometrial thickening with an indistinct junctional zone and lacked focal
high signal on both TIWI and T2WI.

The differential diagnosis of appendiceal signet ring cell carcinoma should include endometrial carcinoma, cervical
cancer, and Krukenberg tumors. Endometrial carcinoma is one of the most common gynecologic malignancies[21], with
lesions typically confined to the endometrial cavity. While it may invade the myometrium, the extent is usually limited.
On DWI, endometrial carcinoma generally exhibits high signal intensity. In contrast, uterine implantation from SRCC
tend to involve the uterus diffusely, with DWI signals that are less intense than those of endometrial carcinoma. Cervical
cancer is the second most common malignancy in women[22], often originating in the cervix and potentially spreading
upward to the uterus or downward to the vagina. It usually presents as a high-intensity signal on DWI. However, signet
ring cell carcinoma implantation to the uterus show diffuse thickening of both the uterus and cervix, with lower DWI
signal intensity than cervical cancer. Krukenberg tumors — metastatic ovarian tumors commonly originating from the
gastrointestinal tract—affect both ovaries in approximately 80% of cases[23]. MRI findings typically include well-defined
margins, predominantly solid components, and marked heterogeneous enhancement following contrast administration.
Ascites is frequently present[24]. In comparison, signet ring cell carcinoma implantation to the uterus demonstrate lower
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Figure 3 Intraoperative specimens and pathological images of appendix surgery. A: Intraoperative enlargement of the appendix; B: Pathological
images (original magnification, x 200).

ate50 | XXMAGE

Figure 4 Intraoperative specimens and pathological images of uterine surgery. A: Intraoperative enlarged uterus; B: Pathological images (original
magnification, x 400).

degrees of enhancement and ascites is rarely observed.

CONCLUSION

Appendiceal Signet ring cell carcinoma is relatively rare, and preoperative diagnosis remains challenging. However,
when imaging reveals thickening of the appendiceal wall alongside marked thickening of the uterine myometrium, with
lesions demonstrating progressive enhancement after contrast administration, implantation appendiceal signet ring cell
carcinoma involving the uterus should be considered.
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