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Diagnostic sensitivity and specificity of enhanced computed
tomography in colorectal tumors: a meta-analysis and systematic
review

Chuanxian Liu

Chao Yuan PURPOSE

Shaocui Huang Early detection of colorectal cancer (CRC) is crucial for improving patient prognosis and survival
outcomes. In contemporary clinical practice, computed tomography (CT) has become an estab-
lished diagnostic modality and a reference standard for CRC evaluation. This meta-analysis system-
atically evaluates the diagnostic performance of contrast-enhanced CT imaging in detecting and
characterizing colorectal neoplasms, providing evidence-based recommendations to optimize clin-
ical decision-making and therapeutic strategies in CRC management.

Jiaxing University Affiliated TCM Hospital,
Department of Radiology, Jiaxing, China

METHODS

A systematic literature search was performed across multiple electronic databases, including
PubMed, Medline, EMBASE, the Cochrane Library, ClinicalTrials.gov, CNKI, Wanfang, and Weipu,
covering studies from database inception through November 25, 2024. The search strategy was
designed to identify all relevant studies investigating the diagnostic accuracy of contrast-enhanced
CT imaging in colorectal neoplasms. For each eligible study, diagnostic performance parameters—
specifically, sensitivity and specificity—were extracted and analyzed. All statistical analyses were
conducted using RevMan software.

RESULTS

A total of nine studies involving 4,857 patients were included. The meta-analysis revealed that the
pooled sensitivity of enhanced CT imaging for diagnosing colorectal tumors was 76% [95% con-
fidence interval (Cl): 70%-79%] and the pooled specificity reached 87% (95% Cl: 84%-89%). Fur-
thermore, the area under the curve for the diagnostic test was 0.89 (95% Cl: 0.85-0.92), indicating
strong discriminatory capability in differentiating colorectal tumors. Subgroup analysis revealed no
statistically significant differences in diagnostic sensitivity and specificity between intravenously
administered and orally administered contrast agents in enhanced CT scans.

CONCLUSION
Contrast-enhanced CT imaging is an effective and reliable method for the clinical diagnosis of col-
orectal tumors.

CLINICAL SIGNIFICANCE

Contrast-enhanced CT scanning demonstrates high sensitivity and specificity in the diagnosis of
CRC.

KEYWORDS
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Epub: 28.04.2025 nant tumors."? Global cancer statistics indicate that in 2020, approximately 1,932 mil-

lion new CRC cases were reported worldwide, resulting in nearly 935,000 fatalities.>* Over the
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oping regions such as China and Southeast
Asia.’ In China, CRC has become the second
most frequently occurring malignant tumor,
with an annual incidence of approximately
517,100 cases—307,700 in men and 209,400
in women.%’

Risk factors associated with CRC include
advanced age, being a man, unhealthy di-
etary habits (such as high consumption of
fats, sugars, alcohol, red meat, and processed
meats), obesity, tobacco use, and physical in-
activity.® Notably, the lifetime risk of develop-
ing and dying from gastrointestinal cancers
is estimated at 8.20% and 6.17%, respective-
ly, with CRC posing the highest risk, account-
ing for 38.5% of the incidence risk and 28.2%
of the mortality risk among gastrointestinal
cancers.’ Patients with early-stage CRC who
undergo radical surgery have improved long-
term survival rates and better prognoses,
considerably enhancing their survival pros-
pects.’® Conversely, patients with late-stage
CRC, who often forgo surgical intervention,
rely predominantly on chemotherapy and
radiotherapy—treatments with limited effi-
cacy that require frequent hospital visits and
consume substantial medical resources.’'2
Therefore, early diagnosis of CRC is crucial for
improving patient outcomes and conserving
healthcare resources.

For early-stage CRC, the prognosis fol-
lowing diagnosis and surgical intervention
is relatively favorable. However, the five-year
survival rate for patients with advanced met-
astatic disease remains low.”*'* Enhanced
computed tomography (CT), known for its
non-invasive and rapid imaging capabilities,
is widely used in the early diagnosis of CRC."®
However, significant heterogeneity exists
in the literature regarding the diagnostic
performance of contrast-enhanced CT for
colorectal neoplasms, particularly in terms
of reported sensitivity and specificity values.
This study adopts an evidence-based medi-

* Enhanced computed tomography (CT)
scanning with contrast agents is recognized
for its high sensitivity and specificity in diag-
nosing colorectal cancer.

* There is no statistically significant differ-
ence in diagnostic sensitivity and specificity
between intravenously and orally adminis-
tered contrast agents.

* When performing contrast-enhanced CT
scans for patients with suspected colorectal
tumors, orally administered contrast agents
should be given preferential consideration
due to their comparable diagnostic efficacy.

cine approach to systematically evaluate the
diagnostic efficacy of contrast-enhanced CT
imaging in detecting colorectal tumors, aim-
ing to establish a strong evidence base for
optimizing clinical decision-making in CRC
diagnosis and management.

Methods

This meta-analysis was conducted in strict
accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Anal-
yses guidelines.'® Given the nature of our
study as a meta-analysis, neither ethical ap-
proval nor patient consent was required.

Inclusion and exclusion criteria

This study explicitly defined the inclusion
and exclusion criteria to ensure the homoge-
neity of the included studies and the reliabil-
ity of the results. The specific criteria were as
follows: (1) Study type: the study included
diagnostic trials that utilized enhanced CT
imaging technology for the diagnosis of CRC.
To ensure data extractability and compara-
bility, only studies providing fourfold table (2
X 2 contingency table) data were included.
There was no lower age limit for study partic-
ipants; however, participants had to be over
18 years of age, with no restrictions on gen-
der or ethnicity, to enhance the generaliza-
bility of the study results. (2) Diagnostic test
methods: the study focused on CT imaging
techniques enhanced with intravenous and
oral contrast agents. Both methods are com-
monly used radiological tools for diagnosing
CRC, providing vital information about tu-
mor location, size, and the extent of invasion.
(3) Measurement indicators: the primary
measurement indicators in this study includ-
ed sensitivity, specificity, and the diagnostic
odds ratio. Sensitivity and specificity are core
indicators for evaluating the accuracy of di-
agnostic tests, reflecting the test’s ability to
identify genuine cases and exclude non-cas-
es, respectively. The diagnostic odds ratio
integrates information from both sensitivity
and specificity, providing a metric for the
overall performance of the diagnostic test.

Literature search

This study followed a predefined litera-
ture search strategy to ensure the compre-
hensiveness and accuracy of the data collect-
ed. The search strategy, which incorporated
Boolean operators, was as follows: (“comput-
ed tomography” or “CT") and (“colorectal tu-
mors” or “rectal cancer” or “colon cancer”) and
(“diagnosis” or “sensitivity” or “specificity”).
Searches were conducted across PubMed,
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Medline, EMBASE, the Cochrane Library, Clin-
icalTrials.gov, CNKI, Wanfang, and Weipu da-
tabases, covering studies from the database
inception to November 25, 2024. Addition-
ally, we reviewed the references of included
articles and relevant systematic reviews to
identify additional relevant studies, ensuring
a broader scope of related research within
our analysis.

Literature screening and data extraction

In this study, a cross-checking method-
ology was employed for the comprehensive
evaluation and selection of literature. Adher-
ing to predefined inclusion and exclusion
criteria, we systematically reviewed the titles,
abstracts, and full texts of the identified stud-
ies, making inclusion decisions based on this
sequential assessment. For the selected arti-
cles, an exhaustive data extraction process
was conducted, capturing fundamental infor-
mation such as author details, study locations,
publishing journals, and study populations—
key elements in understanding the research
context. Furthermore, for diagnostic data, we
extracted fourfold tables (2 x 2 contingency
tables) and implemented a dual-reviewer
cross-checking mechanism to ensure the pre-
cision and reliability of the extracted data.

Quality assessment of included studies

This study employed the Quality As-
sessment of Diagnostic Accuracy Studies
(QUADAS) tool,"” as recommended by the
Cochrane Library, to systematically evaluate
the methodological quality of diagnostic
accuracy studies. The QUADAS-2 instrument
encompasses four key domains: patient se-
lection, index test, reference standard, and
flow and timing, collectively comprising 18
items. Within these domains, reviewers as-
sessed the risk of bias for each, with the first
three also undergoing an evaluation of clini-
cal applicability. During the assessment pro-
cess, reviewers categorized the risk of bias as
“low,""high,” or “unclear” based on responses
to domain-specific questions, which could
be “yes,” “no,” or “unclear.” This methodologi-
cal approach helped identify potential biases
within the studies and provided an objective
assessment of their reliability. By applying
the QUADAS-2 tool, this study conducted a
meticulous analysis of the methodological
quality of diagnostic accuracy research, en-
suring the scientific rigor and validity of the
conclusions drawn.

Statistical analysis

This meta-analysis utilized RevMan soft-
ware for data analysis (Review Manager,
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RevMan, The Cochrane Collaboration, Nor-
dic). Statistical heterogeneity was assessed
using the I? statistic and Cochran’s Q test.
Studies were considered to exhibit signifi-
cant heterogeneity if the I> value exceeded
50% or if Cochran’s Q test yielded statistically
significant results (P < 0.05). In such cases, a
random-effects model was employed to ac-
count for the observed variability.

We calculated the sensitivity, specificity,
and area under the summary receiver oper-
ating characteristic curve for enhanced CT
scans in diagnosing colorectal tumors. Addi-
tionally, studies were stratified into two sub-
groups based on the route of contrast agent
administration: intravenous and oral. Sensi-
tivity and specificity were calculated for each
subgroup, followed by a comparative analy-
sis to determine whether differences existed
between them. Egger’s regression test was
conducted to assess publication bias in the
synthesized outcomes. In this study, a P value
of less than 0.05 was considered the thresh-
old for statistical significance.

Results

As indicated in Figure 1, an initial elec-
tronic search identified 694 articles relevant
to the study’s theme. After reviewing ab-
stracts and titles, 626 articles were excluded
for not meeting the inclusion criteria. Further
examination of full texts led to the exclusion
of an additional 36 studies that did not fulfill
the research requirements. Ultimately, nine
studies met all eligibility criteria and were in-
cluded in this analysis.

As summarized in Table 1, this meta-anal-
ysis includes nine studies'? involving 4,857
patients. These articles were published
between 2000 and 2019, with sample siz-
es ranging from 71 to 2,541 participants.
Among the nine included studies, five used
intravenous contrast enhancement, and
four employed oral contrast enhancement.
These data provide an overview of the ap-
plication of different contrast enhancement
techniques in studies diagnosing colorectal
tumors and form the basis for subsequent
analysis.

In this diagnostic meta-analysis, the QUA-
DAS tool was used to assess the quality of
the included studies, which were collectively
rated as moderate in quality (Figures 2 and
3). Regarding patient selection, most stud-
ies provided consecutive or random patient
samples, thereby reducing potential biases
associated with case-control designs and
minimizing inappropriate patient exclusions.
However, some studies did not fully blind

the interpretation of diagnostic test results
from the reference standard, potentially in-
troducing performance bias. In terms of the
reference standard, most studies employed
methods capable of accurately classifying
the target condition, but in some cases, the
interpretation of results was conducted with
knowledge of the diagnostic test outcomes,
potentially affecting the accuracy of the find-
ings.

With respect to flow and timing, although
all patients underwent reference standard
testing, inconsistencies were observed in
the intervals and interventions between the
index test and the reference standard across
different studies. Overall, despite some
methodological limitations, the included
studies demonstrated a reasonable level of
reliability in assessing diagnostic accuracy,
and these moderately rated studies provided
valuable data for this meta-analysis.

In this diagnostic meta-analysis, we se-
lected the sensitivity and specificity of en-
hanced CT imaging as the primary evalua-
tion metrics. Statistical findings revealed that
the I? values for sensitivity and specificity
were 93.8% and 89.0%, respectively—both
exceeding 50%—and that Cochran’s Q test
results were statistically significant (all P <

0.009), indicating substantial heterogeneity
among the included studies. Consequently,
a random-effects model was employed to
account for this heterogeneity in the pooled
analysis. The results of the meta-analysis
demonstrated that the pooled sensitivity of
enhanced CT imaging for the diagnosis of
colorectal tumors was 76% [95% confidence
interval (Cl): 70%-79%], as shown in Figure
1; the pooled specificity was 87% (95% Cl:
84%-89%), as depicted in Figure 4. Further-
more, the area under the diagnostic test’s
receiver operating characteristic curve (AUC)
was 0.89 (95% Cl: 0.85-0.92), as illustrated in
Figure 5, suggesting that enhanced CT imag-
ing possesses good accuracy in diagnosing
colorectal tumors. The Egger’s regression
test demonstrated no significant evidence of
publication bias across the synthesized out-
comes (P =10.082).

Based on the contrast methods used, we
stratified the included studies into two sub-
groups for analysis. For studies utilizing intra-
venous contrast-enhanced CT scans, sensitivi-
ty was 0.65 (95% Cl: 0.60-0.72) and specificity
was 0.86 (95% Cl: 0.82-0.90). By contrast, for
studies employing oral contrast-enhanced CT
scans, sensitivity was 0.78 (95% Cl: 0.74-0.81)
and specificity was 0.86 (95% Cl: 0.84-0.87).
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Reviews and Meta-Analyses.
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Table 1. Characteristics of the included studies

Diagnostic True False False True A
Study ID Country Cases 9 Enhanced CT scanning - o . . method for CT
gold standard positive positive negative negative . .
imaging
Sensitivity ~ Specificity
Cao et al.”® (2016) China 120  Colonoscopy 0.65 0.66 24 28 13 55 IRYEIE S
contrast agents
Dai"® (2019) China 205  Colonoscopy 0.84 0.83 38 27 7 133 IClEIES!
agents
Fletcher et al.2* (2000) USA 180  Colonoscopy 0.88 072 114 14 16 36 ora;gcg:ttsra“
Hoppe et al.?' (2004) Switzerland 92 Colonoscopy 0.76 0.88 26 7 8 51 M METELE
contrast agents
Johnson et al. (2008) USA 2541  Colonoscopy 0.66 0.89 193 248 99 2001 o'a;;’:tt;a“
Kim et al.? (2008) Korea 214 Colonoscopy 0.69 0.89 37 21 17 166 [HEEEES
contrast agents
Miao et al.*(2003) UK 201 Colonoscopy 0.24 0.89 14 16 45 126 IEVEETE
contrast agents
Pickhardt et al.® Oral contrast
(2003) USA 1233 Colonoscopy 0.89 0.80 149 217 19 848 agents
Wong et al.?*(2002) China 71 Colonoscopy 0.59 0.93 16 3 11 41 IreseneLs

contrast agents

CT, computed tomography; USA, United States of America; UK, United Kingdom of Great Britain and Northern Ireland.
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Figure 2. Cumulative bar plot of risk of bias and applicability concerns across all studies.
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Figure 3. Summary of risk of bias and applicability concerns.
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Comparing sensitivity (P = 0.152) and spec-
ificity (P = 0.230) between the two contrast
methods, we found no statistically significant
differences. These findings suggest that both
contrast methods exhibit similar diagnostic
accuracy, each demonstrating a reasonable
level of reliability.

Discussion

Over the past decade, the global inci-
dence of CRC has shown an upward trend,
particularly in developing regions such as
China and Southeast Asia, where cases have
increased considerably.?’ CRC ranks fourth
among new cancer cases worldwide, ac-
counting for 11% of all cancer diagnoses,
with approximately 1,096 million new cases
of colon cancer and 704,000 new cases of
rectal cancer, totaling 1.8 million new CRC
cases.”® The incidence rate of CRC is higher
in men than in women and is more common
in developed countries than in developing
ones, with age-standardized incidence rates
of 30.1 per 100,000 for men and 16.3 per
100,000 for women.?® Moreover, the inci-
dence of CRC among women in Southeast
Asia has increased notably, with mortality
rates also rising in this region, particularly
among women.® These trends may be asso-
ciated with rapid economic development in
these regions, which in turn affects lifestyle
and dietary habits.* For instance, there has
been a shift from a grain-based diet to one
richer in protein.' Given the high incidence
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Study TP FP FN

Cao 2016 24 28 13 55
Dai 2019 38 27 7 133
Fletcher 2000 114 14 16 36
Hoppe 2004 26 7 8 51
Johnson 2008 193 248 99 2001
Kim 2008 37 21 17 166
Miao 2003 14 16 45 126
Pickhardt 2003 149 217 19 848
Wong 2002 16 3 1 41

TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl)

0.65 [0.47, 0.80]
0.84 [0.71,0.94]
0.88 [0.81, 0.93]
0.76 [0.59, 0.89]
0.66 [0.60, 0.72]
0.69 [0.54, 0.80]
0.24 [0.14, 0.37)
0.89 [0.83, 0.93]
0.59 [0.39, 0.78]

0.66 [0.55, 0.76]
0.83 [0.76, 0.89]
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Figure 4. Forest plot of the sensitivity and specificity of enhanced CT in the diagnosis of colorectal tumors. CT, computed tomography; Cl, confidence interval.
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Figure 5. SROC plot curve of the sensitivity of enhanced CT in the diagnosis of colorectal tumors. SROC,
summary receiver operating characteristic; CT, computed tomography.

and increasing prevalence of CRC in younger
populations, early screening in the general
population or large-scale settings becomes
particularly important.>

Patients diagnosed with CRC at an early
stage can undergo potentially curative sur-
gical treatment, leading to higher long-term
survival rates and better prognoses, thereby
significantly improving survival.** By contrast,
patients presenting with advanced-stage
CRC are typically ineligible for surgical inter-
vention, with treatment primarily limited to
palliative chemotherapy and radiotherapy,
which demonstrate limited therapeutic effi-
cacy.* These patients frequently require re-
peated hospital admissions, resulting in sub-
stantial healthcare resource consumption.
Consequently, early CRC detection is crucial
not only for optimizing patient prognosis but
also for enhancing healthcare resource utili-
zation efficiency.

Enhanced CT scanning, characterized by
its speed, non-invasiveness, and relatively
low cost, has become a crucial tool for the
early diagnosis of CRC.** In addition to as-

sessing the location of CRC and its relation-
ship with surrounding tissues, enhanced CT
provides essential diagnostic information
and valuable details for surgical assess-
ment.**3’” However, heterogeneity in study
design, population demographics, and the
technical parameters of CT imaging proto-
cols among different diagnostic trials has re-
sulted in considerable variability in reported
outcomes. Our meta-analysis demonstrates
that contrast-enhanced CT imaging exhibits
superior diagnostic performance in CRC de-
tection, with high sensitivity and specificity,
thereby establishing its clinical utility as a re-
liable diagnostic modality.

These findings align with the existing lit-
erature. A previous investigation evaluating
the diagnostic efficacy of multi-slice spiral CT
enhancement in lung cancer differentiation
reported enhanced scanning parameters
with 91.4% sensitivity, 88.1% specificity, and
90.0% accuracy, demonstrating statistical-
ly significant improvements over non-en-
hanced scanning protocols.?® Additionally, fe-
cal DNA methylation testing, a non-invasive

molecular method, has been applied to the
early diagnosis of CRC. One study showed
that the combined detection of SDC2/ADH-
FE1/PPP2R5C methylation predicted CRC
with a sensitivity of 84.8%, a specificity of
98.0%, and an AUC of 0.930 (95% Cl: 0.889-
0.970).** These data further confirm the value
of enhanced CT imaging in the early diag-
nosis of CRC and demonstrate its high ac-
curacy and potential in comparison to other
non-invasive screening methods. Therefore,
enhanced CT imaging plays an indispensa-
ble role in early CRC diagnosis, significantly
contributing to improved patient survival
rates and reduced healthcare resource con-
sumption.

Enhanced CT scanning plays a pivotal role
in the diagnosis of CRC, offering considera-
ble advantages while also presenting certain
limitations. Its utility is underscored by its
ability to accurately delineate the location
and extent of CRC, providing crucial data for
tumor staging and size assessment.**“! It en-
hances tumor detection rates and minimizes
missed diagnoses by offering detailed in-
sights into lesion vascularity, which is instru-
mental in characterizing pathology.** As a
non-invasive diagnostic modality, it employs
specialized X-ray equipment to generate
cross-sectional images that reveal internal
structures with high diagnostic value.

The strengths of enhanced CT scanning
include its high sensitivity and specificity,
particularly for detecting larger colonic ade-
nomas and tumors over 10 mm, with sensi-
tivity reaching up to 90%.* Its rapid imaging
capability reduces the impact of respiratory
and bowel motion artifacts, yielding clear
images.* Technological advancements in
resolution, image reconstruction, and scan-
ning speed further enhance the accuracy
of CRC diagnosis with CT. However, the use
of ionizing radiation in CT scans poses risks,
particularly for patients requiring multiple
scans or long-term follow-ups.* Additional-
ly, its ability to detect small lesions (<1 cm)
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is limited, making accurate differentiation of
T1-2 stage intestinal wall layers challenging.

Potential for misdiagnosis and missed
diagnoses exist due to factors such as inad-
equate bowel preparation or peritoneal fat
turbidity, which may lead to confusion be-
tween pathological and physiological steno-
sis or misinterpretation of tumor invasion.*
Furthermore, assessing lymph node metas-
tasis remains a limitation, as CT primarily
relies on lymph node size, which is prone to
diagnostic errors.*” Although enhanced CT
scanning is invaluable for tumor localization,
staging, and vascular assessment in CRC, its
limitations in detecting small lesions, radia-
tion risks, and accurate lymph node metasta-
sis assessment must be considered.*4°

This meta-analysis investigating the diag-
nostic utility of contrast-enhanced CT scan-
ning in CRC identification has several inher-
ent limitations that warrant consideration.
The primary limitation stems from the sub-
stantial heterogeneity observed in sensitivi-
ty and specificity metrics across the included
studies, likely due to variations in diagnostic
protocols, reference standards, and imag-
ing parameters. Although we implemented
a random-effects model to account for this
heterogeneity, its potential impact on the
overall findings remains non-negligible.

Furthermore, dataset limitations prevent-
ed a comprehensive stratified analysis of
CT diagnostic efficacy across different CRC
stages, constraining our ability to evaluate
stage-specific diagnostic performance. Meth-
odologically, the predominance of cohort
studies, particularly those conducted within
the Chinese population, may affect the gen-
eralizability of our conclusions, as these study
designs generally provide lower levels of clin-
ical evidence compared with prospective di-
agnostic trials. These limitations highlight the
need for future large-scale, prospective mul-
ticenter studies to further validate the diag-
nostic role of contrast-enhanced CT scanning
in CRC, thereby strengthening the evidence
base for clinical decision-making in CRC diag-
nosis and management.

In conclusion, this meta-analysis demon-
strates that contrast-enhanced CT scanning
exhibits superior diagnostic performance
in CRC detection, with high sensitivity and
specificity, thereby establishing its clinical
utility as a reliable diagnostic modality. No-
tably, our findings reveal comparable diag-
nostic efficacy between intravenous and oral
contrast administration (P > 0.05), suggest-
ing that oral contrast agents may serve as a
preferable alternative in clinical practice. The

preferential use of oral contrast agents of-
fers multiple advantages, including reduced
healthcare expenditures, streamlined exami-
nation procedures, and maintained diagnos-
tic accuracy while also improving therapeu-
tic efficiency and alleviating patient financial
burdens.

Looking ahead, future research should
focus on three key areas: (1) optimizing con-
trast-enhanced CT protocols for CRC detec-
tion across different disease stages; (2) devel-
oping integrated diagnostic frameworks that
combine CT with emerging modalities such
as artificial intelligence-based image analysis
and molecular biomarkers; and (3) exploring
multimodal imaging strategies to enhance
tumor characterization and improve preci-
sion in therapeutic decision-making. These
advancements have the potential to revolu-
tionize CRC diagnosis and management, ulti-
mately improving patient outcomes.
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The role of T1 hyperintensity in differentiating granulomatous
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PURPOSE

To investigate the multiparametric magnetic resonance imaging (mpMRI) characteristics of granu-
lomatous prostatitis (GP) and share our experience with 31 pathologically confirmed GP lesions in
19 patients.

METHODS

This two-center retrospective study reviewed the pathological and imaging data of 856 patients
who underwent prostate biopsy between January 2012 and April 2024. Of these, 19 patients with
available prebiopsy mpMRI and a pathologically confirmed diagnosis of GP were included. Addi-
tionally, 280 biopsy-naive patients diagnosed with clinically significant prostate cancer (csPCa)
were included as a control group for comparative analysis. Prebiopsy mpMR images of patients
with GP were assessed by consensus between two of three radiologists (M.V., B.C., S.D.), evaluating
lesion location, size, shape, multifocality, extraprostatic extension (EPE), signal characteristics on
T1-, T2-, and diffusion-weighted imaging (DWI), the mean apparent diffusion coefficient (ADC__ )
value, enhancement patterns, and prostate imaging reporting and data system (PI-RADS) scores.
Statistical analyses were conducted using SPSS version 30.0.

RESULTS

In 19 patients, 31 pathologically confirmed GP lesions were identified on prebiopsy mpMRI. Twen-
ty-six lesions were located in the peripheral zone and five in the transitional zone. Multifocal involve-
ment was observed in nine patients (47.3%). Thirty of 31 lesions were hypointense on T2-WI, and
seven showed capsular bulging and/or irregularity, suggesting EPE. DWI revealed markedly impeded
diffusion in all lesions. The median ADC___value was 825 x 10° mm?/s (IQR: 230 x 10 mm?/s). On dy-
namic contrast-enhanced sequences, 25 lesions showed early enhancement, five showed prolonged
enhancement, and one showed prolonged ring enhancement. Based on mpMRlI findings, 17 lesions
were assigned a PI-RADS score of 4, and 13 lesions were assigned a PI-RADS score of 5. Notably, 22 le-
sions (71%) in 14 patients with GP (73.7%) exhibited hyperintensity on T1-WI despite no prior prostate
biopsy history. Statistical analysis comparing the GP and csPCa groups revealed that hyperintensity
on T1-WI was significantly more frequent in GP, both on a per-patient basis (73.7% vs. 3.2%) and a
per-lesion basis (71.0% vs. 3.1%) (P < 0.0001 for both).

CONCLUSION

GP shares overlapping imaging features with prostate cancer on mpMRI. However, hyperintensity
on T1-WI may serve as a distinguishing feature, potentially reducing unnecessary prostate inter-
ventions. Radiologists should consider GP in PI-RADS >4 lesions exhibiting T1-WI hyperintensity.
Furthermore, given the high incidence of GP following intravesical Bacillus Calmette-Guérin (BCG)
therapy, a thorough history of BCG treatment should be obtained.

CLINICAL SIGNIFICANCE

GP is recognized for its tendency to mimic PCa on mpMRI, a finding corroborated by this study.
However, T1-WI hyperintensity emerged as a promising distinguishing feature for GP. Incorporating
this marker into mpMRl interpretation criteria may help reduce unnecessary prostate interventions
and improve patient outcomes.

KEYWORDS
Bacillus Calmette-Guérin, granulomatous prostatitis, magnetic resonance imaging, prostate cancer,
T1-weighted imaging
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ranulomatous prostatitis (GP) is a
G rare, benign inflammatory condition

estimated to account for 3.3% of all
inflammatory lesions of the prostate. It has
long been recognized that GP lesions can
mimic prostate cancer (PCa) in both clinical
and laboratory presentations.! Typical clin-
ical features include elevated serum pros-
tate-specific antigen (PSA) levels and a firm,
nodular prostate on digital rectal examina-
tion (DRE)."? On multiparametric magnet-
ic resonance imaging (mpMRI), GP lesions
often appear hypointense on T2-weighted
images and exhibit markedly impeded dif-
fusion on diffusion-weighted imaging (DWI),
closely resembling PCa.'?

The specificity and positive predictive
value of mpMRI in detecting PCa have been
reported to be limited following intravesical
Bacillus Calmette-Guérin (BCG) therapy.* In
a prospective study, Ogreden et al.> com-
pared PSA levels, PSA density (PSAd), DRE
findings, and the number of PI-RADS =3 le-
sions detected on mpMRI before and after
intravesical BCG therapy in 10 patients. They
observed substantially higher PSA and PSAd
levels, more frequent abnormal DRE findings,
and an increased number of PI-RADS >3 le-
sions after BCG therapy.

The clinical and radiological similarities
between GP and PCa often complicate pa-
tient management. Most GP lesions receive a
high cancer suspicion score (PI-RADS 4 or 5),
resulting in unnecessary biopsies.>® Identify-
ing specific mpMRI features of GP may help
reduce the number of unnecessary biopsies
and their associated complications.

To date, only a limited number of stud-
ies—with small patient cohorts—have inves-
tigated the MRI characteristics of GP. In this
study, we aim to review the existing MRI lit-
erature on GP and share our experience with
a series of 31 pathologically confirmed GP
lesions in 19 patients.

* Granulomatous prostatitis (GP) shares over-
lapping imaging characteristics with pros-
tate cancer (PCa) on multiparametric mag-
netic resonance imaging.

* Hyperintensity on T1-weighted imaging is
frequently observed in GP and may assist in
distinguishing it from PCa.

* In cases of caseous necrosis or abscess for-
mation, early and prolonged ring enhance-
ment on dynamic contrast-enhanced imag-
ing can support the diagnosis of GP.

Methods

Patients

Koc University Institutional Review Board
approved this retrospective observation-
al study and waived the requirement for
written informed consent (decision num-
ber: 2022.394.IRB1.149, approval date:
10/17/2022). Between January 2012 and April
2024, we reviewed the pathological records
of 856 patients who had undergone prostate
biopsy due to a high suspicion of clinically
significant PCa (csPCa). From this cohort, pa-
tients with available prebiopsy mpMRI who
were diagnosed with GP through MRI-tar-
geted biopsy—either transrectal MRI-guid-
ed in-bore biopsy or MRI-directed cognitive
fusion-guided biopsy—were identified and
included. Two patients diagnosed with GP
via biopsy were excluded due to the absence
of detectable lesions on mpMRI.

Additionally, 280 biopsy-naive patients
from the same cohort, diagnosed with csP-
Ca (ISUP grade group =2) via biopsy, were
included as a control group for compara-
tive analysis. A study flowchart is presented
in Figure 1. Clinical data, including age, PSA
levels, and PSAd, were also collected for pa-
tients with GP.

Magnetic resonance imaging technique

This study included MRI scans from two
different hospitals. mpMRI examinations
were performed on a 3.0 Tesla scanner (MAG-
NETOM® Skyra, Siemens AG, Munich, Ger-
many) in 8 patients and a 1.5 Tesla scanner
(MAGNETOM® Aera, Siemens AG, Munich,
Germany) in 11 patients using a 30-channel
phased-array body coil. Prior to imaging,
seven patients received an intravenous (V)
injection of 20 mg butylscopolamine (Bus-
copan®; Boehringer Ingelheim) to suppress
bowel peristalsis.

All patients underwent mpMRI due to el-
evated serum PSA levels and/or suspicious
findings on DRE. The imaging protocol in-
cluded axial T1-WI of the pelvis, high-res-
olution T2-WI in axial, coronal, and sagittal
planes, axial DWI, and axial dynamic con-
trast-enhanced (DCE) sequences, performed
according to the recommendations of the
European consensus meeting on pros-
tate mpMRI standardization.” DCE images
were obtained using 9-10 mL of gadolini-
um-based contrast agent (gadoterate me-
glumine 0.5 mmol/mL; DOTAREM®, Guerbet,
Villepinte, France), administered at a rate of
3.5 mL/s via power injector. MRI protocols for
both centers are summarized in Table 1.

Image analysis

All MRI were reviewed in consensus by
two of three radiologists (M.V., B.C., S.D.) with
4-16 years of experience in prostate MRI. The
reviewers were blinded to the pathological
results. Each GP lesion was evaluated for lo-
cation, shape, size, multifocality, signal inten-
sity (SI) on T1-WI, T2-WI, and DWI, mean ap-
parent diffusion coefficient (ADC__ ) value,
presence of extraprostatic extension (EPE),
enhancement patterns on DCE, and PI-RADS
score. The PI-RADS scores were assigned ac-
cording to the criteria outlined in PI-RADS
version 2.1.% Lesion shape was assessed on
T2-WI using the shape patterns described by
Suzuki et al.?

Sl on T1-WI, T2-WI, and DWI was assessed
by visual comparison with the residual
healthy peripheral zone (PZ). Mean ADC val-
ues were measured by placing a region of
interest over the largest area of the lesion,
avoiding the tumor edges. For comparative
analysis, the T1-WI signal characteristics of
csPCa lesions in the control group were also
retrospectively assessed and recorded.

Statistical analysis

Statistical analyses were performed using
SPSS version 30.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were assessed
for normality using the Shapiro-Wilk test.
Non-normally distributed variables were
summarized as median with interquartile
range (IQR), whereas normally distributed
variables were reported as mean + stand-
ard deviation. Categorical variables were
presented as frequencies and percentages.
The presence of hyperintensity on T1-WI was
compared between the csPCa and GP groups
using Fisher’s exact test on both a per-pa-
tient and per-lesion basis. A P value of < 0.05
was considered statistically significant.

Results

A total of 31 pathologically proven GP
lesions in 19 patients were included in this
study. The overall incidence of GP in our co-
hort was 21/856 (2.4%). Eleven patients had a
history of intravesical BCG therapy and were
considered to have BCG-induced GP, where-
as the remaining patients had no identifiable
predisposing factors and were thus classified
as having idiopathic (non-specific) GP. In all
patients, the interval between the last BCG
administration and the mpMRI examination
was less than 3 months.

The median age was 65 years IQR: 13.5
years), the median PSA level was 6.25 ng/
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mL (IQR: 2.8 ng/mL), the median PSAd was
0.14 ng/mL/mL (IQR: 0.08 ng/mL/mL), and
the median prostate volume was 47 mL (IQR:
22 mL). mpMRI evaluation identified 26 le-
sions in the PZ and five in the transition zone.
Both zones were involved in three patients
(Figure 2). Lesions were classified by shape
as nodular (n = 25), diffuse (n = 5), or cystic
(n = 1). The median lesion size was 14 mm
(IQR: 11.25 mm). Multifocal involvement was
present in nine patients (Figures 2 and 3).

Regardless of lesion shape, 22 lesions
(71%) in 14 patients with GP (73.7%) demon-
strated increased SI on T1-WI (Figures 2 and
4). In the control group, only nine lesions
(3.1%) in nine patients (3.2%) exhibited mild
to moderate T1 hyperintensity. Statistical
analysis showed that hyperintensity on T1-WI
was significantly more frequent in GP com-
pared with csPCa, both on a per-patient basis
[14/19 (73.7%) vs. 9/280 (3.2%), P < 0.0001]
and on a per-lesion basis [22/31 (71.0%) vs.
9/294 (3.1%), P < 0.0001].

Patients who underwent prostate biopsy
between January 2012 and April 2024

(n = 856)

Inclusion criteria

Prebiopsy multiparametric prostate
MRI is available

The diagnosis of granulomatous
prostatitis, confirmed via biopsy

n=21 I

[0 No  measurable lesion
detected on mpMRI (n = 2)

Final study cohort

(n=19)

Figure 1. The study flowchart. MRI, magnetic resonance imaging; mpMRI, multiparametric magnetic

resonance imaging.

Table 1. Multiparametric magnetic resonance imaging protocols of two centers

Parameter Center

1
TR (ms)

2

1
TE (ms)

2

1
Field of view (mm) 5

1
Matrix size

2

1
Slice thickness/gap (mm) >
Fli le (°) !

ip angle (°)

2

1
Scan time (mins) ,

1
Temporal resolution (s) ,

1
B value

2

On DWI, all lesions demonstrated mark-
edly impeded diffusion. The median ADC__
value was 825 x 10° mm?/s (IQR: 230 x 103
mm?/s). On T2-WI, 30 lesions were hypoin-
tense, whereas the remaining lesion was iso-
to hyperintense compared with the PZ. Cap-
sular bulging and/or irregularity suggestive of
EPE was noted in seven lesions (Figures 3 and
4). Following IV contrast administration, 25
lesions showed early enhancement (Figures 2
and 4), five showed prolonged enhancement,
and one demonstrated prolonged ring en-
hancement (Figure 5). The characteristics of
the patients and the main mpMRI findings of
the lesions are presented in Table 2.

Based on imaging findings, 13 lesions
were assigned a PI-RADS 5 score, and 17 le-
sions were scored as PI-RADS 4. The remain-
ing lesion’s MRI features were consistent with
abscess formation. Due to the high clinical
suspicion of PCa, seven patients underwent
MRI-guided in-bore biopsy, and 11 under-
went MRI-directed cognitive fusion-guided
biopsy. The remaining patient—suspected
to have a prostate abscess—was also sam-
pled by MRI-directed cognitive fusion-guid-
ed biopsy to confirm the diagnosis and rule
out coexisting PCa.

Histopathological examination confirmed
the diagnosis of GP in all patients. Concomi-
tant PCa was detected outside the targeted
lesion in four patients: three with a Gleason
score of 6 (3+3) (cases 7, 13,and 17) and one
with a Gleason score of 8 (4+4) (case 14).

T2-WI DWI DCE T1-WI
5290 4800 9 445

7500 4700 4.27 578

111 98 1.76 9.80

101 59 1.64 10

200 x 200 260 x 260 260 x 260 300 x 400
200 x 200 192 x 192 200 x 200 200 x 200
512 x 297 192 x 154 192 x 155 384 x 297
320 x 230 128 x 128 192 x 134 192 x 256
3/0.6 3.6/0 3.6/0 6/1.2

3 3 3 3

180 180 15 120

160 12 160

03:23 05:38 04:38 1:16
04:17 08:34 04:53 2:31

o o 8 =

o o 8 =

= 1600 = =

= 1400 = =

TR, repetition time; TE, echo time; T2-WI, T2-weighted imaging; DWI, diffusion-weighted imaging; T1-WI, T1-weighted imaging; DCE, Dynamic contrast-enhanced.
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Figure 2. A 76-year-old biopsy-naive patient (case 4) with a history of intravesical BCG administration for non-muscle-invasive bladder cancer presented with
elevated PSA (9.79 ng/mL) and abnormal digital rectal examination. The prostate volume and PSA density were 76 mL and 0.13 ng/mL?, respectively. Subsequent
mpMRI demonstrated 21 mm left peripheral zone and 29 mm right transition zone lesions. Both lesions showed a hypointense signal on T2-WI (arrows) (a) and a
hyperintense signal on T1-WI (dashed arrows) (b), with marked restricted diffusion on DWI and ADC maps (ADC values: 825 and 758 x 10° mm?/s) (d, e). On DCE
imaging (¢, f), both lesions showed early enhancement relative to the background prostate gland and were classified as PI-RADS 5. BCG, Bacillus Calmette-Guérin;
PSA, prostate-specific antigen; mpMRI, multiparametric magnetic resonance imaging; T1-WI, T1-weighted imaging; T2-WI, T2-weighted imaging; DWI, Diffusion-
weighted imaging; ADC, apparent diffusion coefficient; PI-RADS, prostate imaging reporting and data system; DCE, dynamic contrast-enhanced.

Figure 3. A 76-year-old biopsy-naive patient (case 7) with a history of intravesical BCG administration for non-muscle-invasive bladder cancer presented with
elevated PSA (5.2 ng/mL) and abnormal digital rectal examination findings. The prostate volume and PSA density were 37 mL and 0.14 ng/mL? respectively.
Subsequent mpMRI demonstrated three peripheral zone lesions measuring 11 mm, 12 mm, and 19 mm. The lesions showed a hypointense signal on T2-WI (a, d)
and a hyperintense signal on T1-WI (¢, f) (dashed arrows), with marked impeded diffusion (ADC values: 737,925, and 675 x 10° mm?/s) (b, e). Note capsular bulging
and mild irregularity on T2-WI (a) (arrowhead), suggesting EPE. BCG, Bacillus Calmette-Guérin; PSA, prostate-specific antigen; T2-WI, T2-weighted imaging; T1-WI,
T1-weighted imaging; ADC, apparent diffusion coefficient; EPE, extraprostatic extension.
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Table 2. The summary of the clinical, demographic, and multiparametric magnetic resonance imaging features of the patients

Case Age PSA PSAd BCG Number Location Shape Slon Slon  Slon Enhancement PI-RADS
(years)  (ng/mL) (ng/mL?) history of lesions T2-WI DWI T1-WI pattern score
1 62 9 0.1 + 1 Pz Cystic Iso-high High Iso Prolonged-ring -
2 54 3.6 0.06 + 1 Pz Diffuse Low High  High Prolonged 5
72 6 0.23 + 2 Pz Nodular  Low High  High Early 4
4 76 9.79 0.13 + 2 _T_; Nodular  Low High  High Early 5
74 44 0.1 + 1 Pz Nodular  Low High  High Early 4
6 73 4.11 0.1 + 1 PZ Nodular  Low High  High Early 5
4
7 76 5.2 0.14 + 3 Pz Nodular  Low High  High Early 4
5
8 74 5 0.19 + 2 Pz Nodular  Low High  High Early
Prolonged
9 63 7 0.032 - 1 PZ Diffuse Low High  High Early 5
10 51 4 0.2 = 2 Pz Nodular  Low High Iso Early 4
1 70 6.52 0.1 - 1 Pz Nodular  Low High  High Early 5
Pz Nodular 5
12 57 9.9 0.24 - 3 TZ Diffuse Low High  High Early 4(3+1)
TZ Diffuse 4(3+1)
13 68 5.54 0.13 - 1 Pz Diffuse Low High Iso Early 5
14 65 10 0.16 = 1 Pz Nodular  Low High  High Early 5
15 53 6.5 0.14 - 2 T2 Nodular  Low High Iso Early 5
16 65 11.23 0.24 + 1 74 Nodular  Low High  High Prolonged 4
17 61 523 0.1 = 1 PZandTZ Nodular  Low High Iso Early 5
High
18 56 6.5 0.16 + 3 Pz Nodular  Low High  High Early 4
Iso
19 62 8.1 0.16 + 2 PZ Nodular  Low High :ifh Prolonged 4

PSA, prostate-specific antigen; PSAd, prostate-specific antigen density; BCG, Bacillus Calmette-Guérin; PZ, peripheral zone; TZ, transition zone; S|, signal intensity; T2-WI, T2-
weighted imaging; DWI, diffusion-weighted imaging; T1-WI, T1-weighted imaging; PI-RADS, prostate imaging reporting and data system.

Table 3. Reported case series of granulomatous prostatitis in the English literature

First author Year Patient BCG Age PSA PSAd Lesion  LocationPZ Low Slon High Sl on High Sl on
(reference) (n) history  (years) (ng/ml)  (ng/mL?) size (n)/TZ (n) T2WI DWI T1-WI
(n%) (mm) (n%) (n%) (n%)
Naik et al.'® 1998 10 0 68 11 - - - 40 - 0
Ma et al."” 2009 5 100 - - - - 5/0 100 - -
Bour et al.” 2012 5 60 = = - - 5/4 80 100 0
Suzuki et al.® 2013 10 100 70.2 7.39 = = 10/2 90 90 70
Kawada et al. 2015 5 100 70.4 - - 21.2 5/3 40 100 100
Gottlieb et al.? 2017 6 100 68.7 o o - 6/0 100 17 0
Rais-Bahramietal.” 2017 5 40 66 74 0.20 19.2 3/2 100 100 -
Leeetal! 2019 16 0 62.5 7.7 0.15 - 16/14 100 100 -
Wang et al.** 2021 8 100 63.6 5.7 - - 8/0 100 100 125
Lee et al.® 2022 24 100 66 - - 22 - 100 92 -
Bertelli et al.™ 2022 11 36 68 8.74 0.12 = 10/4 100 100 -
Ogreden et al.® 2024 10 100 66.9 43 0.10 - - - - -
Guerra et al.?® 2024 12 100 62 7.26 0.13 10 9/7 83 100 -
Avudaiappanetal* 2024 7 100 = 6.9 = = 5/0 = = =

BCG, Bacillus Calmette-Guérin; PSA, prostate-specific antigen; PSAd, prostate-specific antigen density; PZ, peripheral zone; TZ, transition zone; S|, signal intensity; T2-WI, T2-
weighted imaging; DWI, Diffusion-weighted imaging; T1-WI, T1-weighted imaging.
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Figure 4. A 73-year-old biopsy-naive patient (case 6) with a history of intravesical BCG administration for non-muscle-invasive bladder cancer presented with
elevated PSA (4.11 ng/mL) and abnormal digital rectal examination findings. The prostate volume and PSA density were 47 mL and 0.10 ng/mL?, respectively.
Subsequent mpMRI revealed a 25 mm right peripheral zone lesion. The lesion demonstrated a hypointense signal on T2-WI (a) and a hyperintense signal on
T1-WI (b) (dashed arrow), with marked impeded diffusion (ADC value: 814 x 10 mm?/s) (d, e). On DCE imaging (c, f), the enhancement pattern resembled that
of prostate cancer. Note the capsular bulging and irregularity on T2-WI (a) (arrowhead), suggestive of EPE. BCG, Bacillus Calmette-Guérin; PSA, prostate-specific
antigen; mpMRI, multiparametric magnetic resonance imaging; T2-WI, T2-weighted imaging; T1-WI, T1-weighted imaging; ADC, apparent diffusion coefficient; DCE,
dynamic contrast-enhanced.

Figure 5. A 62-year-old biopsy-naive patient (case 1) with a history of intravesical BCG administration for non-muscle-invasive bladder cancer presented with
elevated PSA (9 ng/mL) and abnormal digital rectal examination. The prostate volume and PSA density were 86 mL and 0.10 ng/mL?, respectively. Subsequent
mpMRI demonstrated a peripheral zone lesion located at the apex (arrows). The lesion appeared iso- to hyperintense on T2-WI (a) and isointense on T1-WI (not
shown). On DCE imaging (c), peripheral rim-like enhancement was observed (arrowhead). The avascular central portion of the lesion demonstrated marked
impeded diffusion (ADC value: 715 x 10° mm?/s) (b). BCG, Bacillus Calmette-Guérin; PSA, prostate-specific antigen; mpMRI, multiparametric magnetic resonance
imaging; T2-WI, T2-weighted imaging; T1-WI, T1-weighted imaging; ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced.

series, can be attributed to our small sample

Discussion

In this study, we found that GP and PCa
have overlapping imaging features on mpM-
RI; however, we also identified hyperintensity
on T1-WI as a promising distinguishing fea-
ture for GP.

GP can be idiopathic (non-specific) or sec-
ondary to infective (intravesical BCG therapy)

etiologies, iatrogenic factors [transurethral
resection of the prostate (TUR-P), prostate
biopsy], or systemic diseases."'® According
to reported series, non-specific GP comprises
60%-77.7% of all GP cases.”® However, in our
patient group, the proportions of non-spe-
cific and BCG-induced GP cases were 42%
(8/19) and 58% (11/19), respectively. This dis-
crepancy, compared with a more extensive

size and the high proportion of patients with
a history of intravesical BCG therapy for the
treatment of bladder cancer. The incidence
of GP following intravesical BCG therapy is
reported to be 41%.

Oppenheimer et al." reported the inci-
dence of GP to be 0.36% in a series of 25,000
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men who underwent prostate biopsy. How-
ever, based on more recent studies, the
incidence has been increasing due to the
widespread use of intravesical BCG therapy,
the growing number of TUR-P procedures,
and the increasing frequency of extensive
prostate biopsies.>'?'® Similar to these more
recent studies,”'* the GP incidence in our
cohort was 2.4%.

GP lesions are usually asymptomatic, ex-
cept for infectious GP, which generally does
not require treatment.''> However, the pri-
mary concern lies in the potential for these
lesions to be misinterpreted as PCa on mp-
MRI, leading to unnecessary biopsy. A limit-
ed number of studies have explored the MRI
characteristics of GP to address this radiolo-
gy-pathology discordance and improve the
positive predictive value of MRI. Table 3 sum-
marizes the reported GP case series in the
English literature.

Naik and Carey'® were among the first to
investigate the imaging characteristics of GP
in an attempt to identify specific features.
They evaluated the transrectal ultrasound
and MRI (T2-WI, pre- and post-contrast T1-
WI) findings of 10 patients diagnosed with
GP. They concluded that no reliable clinical,
laboratory, US, or MRI findings could be used
to differentiate GP from PCa. Ma et al."” eval-
uated MRI findings in five patients with GP
and observed diffuse or focal-nodular de-
creased Sl on T2-WI. Since neither the clinical
nor imaging findings could reliably exclude
the possibility of PCa, the researchers stated
that a biopsy was necessary for a definitive
diagnosis."”

Five biopsy-proven patients with GP
(three of whom had a history of BCG thera-
py) were reported by Bour et al.”® Based on
mpMRI findings, two distinct manifestations
of GP were described. The first and more fre-
quent type had a tumor-like appearance that
could not be distinguished from that of PCa.
In contrast, the second type was suggestive
of abscess formation induced by a severe
caseating necrotic process. Furthermore, the
authors observed periprostatic or seminal
vesicle wall infiltration in four patients, sim-
ulating locally advanced PCa.”

Lee et al." evaluated the MRI findings of 16
patients with GP and reported suspicious EPE
findings in 15 of them. All patients were as-
signed a PI-RADS score of five according to PI-
RADS version 2."® In another study, Rais-Bah-
rami et al.’”” compared the clinical and mpMRI
findings of five biopsy-proven patients with
GP (two with a history of BCG therapy) to 15
biopsy-proven csPCa patients. In contrast to

the findings of Lee et al.' and Bour et al.,”® they
reported significantly higher ADC values in
patients with GP compared to those with PCa
and suggested that high-stage features such
as EPE are more indicative of PCa than GP.
Another study comparing BCG-exposed and
non-BCG-exposed groups reported a lower
risk of csPCa in PI-RADS =3 lesions among
BCG-exposed patients.?’

Our findings were consistent with those
of Lee et al." and Bour et al.”. In our cohort,
30 lesions exhibited a tumor-like appear-
ance with low ADC__ values, seven of which
showed capsular bulging and/or irregularity
suggestive of EPE (Figures 3 and 4). The re-
maining lesion displayed imaging findings
consistent with the second manifestation
described by Bour et al.”

GP tends to show variable diffusion char-
acteristics. Since the degree of impeded dif-
fusion reflects cellular density, it is thought
that more acute manifestations of GP tend to
exhibit greater diffusion restriction.2**' Got-
tlieb et al.? evaluated the mpMRI findings of
six patients with BCG-induced GP. Based on
the diffusion characteristics of the lesions,
the authors described acute and chronic
patterns, which were believed to reflect the
acute and chronic phases of prostatitis, re-
spectively. The chronic pattern was more
common and demonstrated less impeded
diffusion, whereas the acute pattern was
indistinguishable from aggressive PCa.? A
case report by Logan et al.”? evaluated the
serial MRI changes in BCG-induced GP from
the completion of BCG therapy to the devel-
opment of GP. The authors noted that the
manifestation of chronic GP took more than
12 months following the completion of BCG
therapy.'?In our cohort, the interval between
the last BCG administration and mpMRI ex-
amination was less than 3 months in all pa-
tients. Accordingly, we observed marked im-
peded diffusion in all cases, corresponding
to the acute manifestation of GP.

The dynamic contrast enhancement
pattern of BCG-induced GP lesions was first
evaluated by Kawada et al.?2 in five patients.
They reported that early and prolonged
ring enhancement may help differentiate
GP from PCa. Additionally, the authors not-
ed T1-WI hyperintensity in all patients. An-
other study involving four BCG-induced
GP and seven non-specific GP patients also
observed prolonged ring enhancement in
the BCG-induced cases.In our study group,
prolonged ring enhancement was observed
in one patient (case 1) with a history of intra-
vesical BCG therapy (Figure 5). Among the re-
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maining patients, 25 out of 30 lesions (83%)
demonstrated early enhancement similar to
PCa, whereas five lesions showed prolonged
enhancement.

The largest group of BCG-induced GP pa-
tients (n = 24) was reported by Lee et al.®
Based on imaging findings from contrast-en-
hanced T1-WI and DWI, the authors catego-
rized GP lesions into three types: type A, type
B, and type C. Types A and B were reported
to correspond to the acute phase of BCG-in-
duced GP, whereas type C represented the
chronic phase. As previously stated by Got-
tlieb et al,? the acute manifestation—par-
ticularly type A lesions—was reported to be
more challenging to differentiate from PCa.
According to the imaging patterns proposed
by Lee et al.,” 30 lesions in our cohort could
be classified as type A, and the remaining le-
sion as type B.

Suzuki et al.’ performed a bi-parametric
MRI on ten patients with BCG-induced GP
and identified three main lesion patterns
based on shape: diffuse, nodular, and cystic
with a mural nodule. In all diffuse lesions, the
authors observed hyperintensity on T1-WI.°
In another study, 12.5% (n = 2/8) of BCG-in-
duced GP cases were reported to show hy-
perintensity on T1-WI.2* Supporting this, Lim
et al.* also noted hyperintensity on T1-Wl in
a case of mass-forming splenic tuberculosis.

In our patient group, 31 pathologically
confirmed GP lesions were identified. Similar
to a recently published study,® the majority
of GP lesions in our cohort (n = 25/31, 80.6%)
were nodular in shape. Regardless of lesion
shape, 22 lesions (71%) demonstrated hyper-
intensity on T1-WI. All patients in our cohort
were biopsy-naive, and histopathological
examination did not reveal any findings that
could account for this hyperintensity. Previ-
ous studies have attributed the hyperintense
appearance of granulomatous lesions on
T1-WI to the presence of paramagnetic sub-
stances, such as macrophage-laden oxygen
free radicals produced during phagocytosis
by activated macrophages.69?7:2

To the best of our knowledge, this study
reports the mpMRI characteristics of the
largest number of GP lesions. On a per-pa-
tient basis, our study includes one of the
largest groups of patients with GP. Based on
the mpMRI findings in our patient group, we
suggest that hyperintensity on T1-WI can be
helpful in the differentiation of GP from PCa.
As discussed above, hyperintensity on T1-WI
has been observed in three previous studies
as an MRI finding in some GP lesions.”?>24
However, to our knowledge, this is the first

Durmaz et al.



time it is being reported and highlighted as a
possible differentiator of GP from PCa.

We acknowledge that this study had sev-
eral limitations. First, our cohort is relatively
small; however, this can be attributed to the
low incidence of GP. Furthermore, as far as
we can tell, it is one of the most extensive
series among published studies on the MRI
findings of GP. Second, there may be in-
creased patient selection bias owing to the
retrospective design and the recruitment pe-
riod spanning 12 years.

In conclusion, despite advances in MRI
technology and imaging techniques, dif-
ferentiating GP from PCa based on mpMRI
findings remains challenging. However, we
propose hyperintensity on T1-WI as a prom-
ising feature in this differentiation. To avoid
unnecessary prostate interventions, radiol-
ogists should consider the possibility of GP
in PI-RADS =4 lesions that exhibit hyperin-
tensity on T1-WI. Additionally, given the high
incidence of GP following intravesical BCG
therapy, a detailed history of BCG treatment
should be carefully investigated. Prospective
studies with larger patient cohorts are need-
ed to validate the diagnostic value of our
findings.

Footnotes
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PURPOSE
This study aimed to evaluate the diagnostic performance of T1p relaxation in distinguishing pa-
tients with liver fibrosis (LF) from those without.

METHODS
A systematic review was conducted using PubMed, EMBASE, Cochrane, and Web of Science data-
bases up to February 2025 to identify studies assessing T1p for LF diagnosis.

RESULTS

Eleven studies involving 792 patients were included. T1p values were significantly higher in cirrhot-
ic versus normal livers [weighted mean difference (WMD): 6.69, P < 0.001], and in fibrotic versus
normal livers (WMD: 7.17, P = 0.006). Patients with Child-Pugh classes A, B, and C showed signifi-
cantly higher T1p values compared with normal liver (P < 0.001). T1p values in LF stages F1-F3 were
not significantly different from normal liver (P = 0.18), but stage F4 showed significant differences
(WMD: 10.48, P = 0.02).

CONCLUSION
T1p relaxation differentiates high-grade LF from normal liver tissue.

CLINICAL SIGNIFICANCE
As a non-invasive imaging technique, T1p shows potential for use in the diagnosis and follow-up of
LF and to optimize the assessment and management of chronic liver disease.

KEYWORDS
Liver fibrosis, cirrhosis, imaging biomarker, meta-analysis, T1p relaxation

iver fibrosis (LF) progression occurs in almost all cases of chronic liver disease (CLD) and

represents the most common consequence of these conditions.” During the healing pro-

cess, excessive protein deposition in the extracellular matrix leads to scarring that con-
nects the adjacent portal triad to the central vein, ultimately resulting in cirrhosis.>* The main
clinical manifestations of cirrhosis include impaired liver function, portal hypertension, and
the development of hepatocellular carcinoma.*® End-stage LF is typically considered irrevers-
ible, with limited effective treatment options; however, complications of early or intermediate
stages are often treatable.?’ Therefore, early LF detection and accurate staging are crucial for
therapeutic decisions and prognosis determination.

Currently, liver biopsy serves as the gold standard for LF diagnosis, but its clinical adoption
is limited due to its highly invasive nature, variability in patient and physician acceptance, risk
of serious complications, and potential sampling errors.’®'> Consequently, non-invasive imag-
ing techniques such as magnetic resonance (MR) elastography and ultrasound elastography
have been developed to assess hepatic fibrosis.'*'> However, MR elastography requires specif-
ic hardware and software, and ultrasound elastography is operator-dependent and less repro-
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ducible.""” Therefore, there is a clear clinical
need for a simpler, more objective method to
non-invasively assess LF staging.

T1p refers to the spin-lattice relaxation
time (ms) constant in the rotating coordinate
frame, which describes the decay of trans-
verse magnetization under a spin-locked
radiofrequency field.'®'® As T1p is sensitive
to the macromolecular components of the
tissue, TTp MR imaging shows potential for
evaluating LF.22* This meta-analysis aims to
assess the diagnostic value of T1p in patients
with CLD.

Methods

This systematic evaluation followed the
Preferred Reporting Items for Systemat-
ic Evaluation and Meta-Analysis (PRISMA)
guidelines*?¢ and was registered with PROS-
PERO (ID: CRD42024498897). Ethics approval
and informed consent were not required, as
systematic reviews synthesize and summa-
rize existing literature rather than directly
involving human or animal participants.

Literature search

Databases searched included PubMed,
Cochrane Library, Web of Science, and Em-
base initially up to October 2023, using the
search terms “liver” OR “hepatic” OR “hepar”
AND “T1rho mapping” OR “T1rho relaxation”
OR “T1p mapping” OR “T1p relaxation” (Sup-
plementary file 1). Reference lists of all eligi-
ble studies were also screened for additional
relevant publications. The search was updat-
ed in February 2025 in the same databases,
and the results were screened according to
the inclusion criteria.

Study selection

Eligible studies included English-lan-
guage publications reporting liver T1p relax-
ation times and featuring at least two partic-
ipant groups, one of which had cirrhosis or

* This study constitutes a pioneering ad-
vancement as the first systematic review
and meta-analysis assessing the diagnostic
efficacy of magnetic resonance imaging T1p
relaxation for liver fibrosis (LF).

* This meta-analysis concludes that T1p can
identify LF in patients with chronic liver dis-
ease, providing a new idea for non-invasive
assessment of LF.

+ Differences and limitations should be noted
when using biomarker imaging to diagnose
disease.

LF. Specific inclusion criteria were 1) patients
with a definitive diagnosis of cirrhosis or he-
patic fibrosis via pathological or clinical eval-
uation, 2) reported liver T1p values, and 3) a
control group consisting of healthy individ-
uals or patients without hepatic fibrosis. Ex-
clusion criteria were 1) articles lacking valid
data, 2) duplicate publications, 3) non-orig-
inal research, and 4) non-English language
literature. Two reviewers independently
screened all titles and abstracts identified
by the search. Articles judged eligible by at
least one reviewer were retrieved as full-text
manuscripts for further evaluation. Articles
meeting the inclusion criteria after full-text
review were included in the review. Con-
flicts of opinion at any stage were resolved
through consensus.

Data extraction

Two investigators independently extract-
ed the following data from the included
literature: T1p relaxation times for cirrhosis
and LF (combined if liver function grading
or pathological stage grading was report-
ed separately for cirrhosis), authors, year
of publication, study design type, number
of patients, mean age, MR imaging (MRI)
hardware, pulse sequence and parameters,
Child-Pugh classification?” or pathological
stage grading, T1p relaxation time, and stan-
dard deviation. When data were unclear or
unavailable, the original authors were con-
tacted via email. If no response was received,
data were extracted from charts, if available.

Quality assessment

Two researchers evaluated the quality of
the included literature using the Newcastle-
Ottawa Scale (NOS)* quality assessment tool
for observational studies as recommended
in the Cochrane Handbook. The NOS scale
includes two scales for assessing cohort and
case—control study quality, covering study
population selection, comparability, and ex-
posure or outcome assessment. Each study
was scored on a scale from 0 to 9. A score of
>6 was considered indicative of high quality,
whereas studies scoring <3 were regarded
as low quality and were excluded from the
analysis due to critical methodological lim-
itations. Higher scores reflected higher study
quality. Any disagreement between the two
investigators was resolved through discus-
sion, with a third researcher acting as final
arbiter if necessary.

Statistical analysis

Statistical analysis was performed us-
ing Review Manager 5.4 (Cochrane), and

the results were compared using pooled
estimates of weighted mean differences
(WMDs) and 95% confidence intervals (Cls)
for the MRI component data, with P < 0.05
deemed statistically significant. Sensitivity
analyses and publication bias assessments
were performed using Stata 15.0 (StataCorp
LLC). In calculating the combined effect siz-
es, we weighted all WMDs according to the
sample size of the respective studies. For the
T1p relaxation time, WMD was calculated as
the difference between a normal liver and
patients with cirrhosis or LF divided by the
pooled standard deviation. The heterogene-
ity of the results was verified using the Q-test
and I? statistic.® P > 0.01 and > <50% indicat-
ed low statistical heterogeneity among study
results, warranting the use of a fixed-effects
model for meta-analysis; conversely, higher
statistical heterogeneity supported a ran-
dom-effects model. Potential sources of
heterogeneity (methodological, statistical,
or clinical) were analyzed, with subgroup
analyses conducted as appropriate. Descrip-
tive analysis was used if the heterogeneity
between groups was too large or not easily
combined clinically. Positive values indicat-
ed patients with prolonged T1p relaxation
times. Publication bias was assessed using
Egger’s test, with P > 0.1 suggesting no sig-
nificant bias. The robustness of the pooled
results was tested with leave-one-out sensi-
tivity analyses: each study was sequentially
excluded from the meta-analysis, and the
pooled WMD and I?> were recalculated. The
results were considered stable if the recal-
culated WMD remained within the 95% Cl of
the overall effect estimate, and the I> value
did not fluctuate by more than 10% com-
pared with the original value.

Results

Study selection and article screening

An initial search was conducted in Oc-
tober 2023 and updated in February 2025
by two researchers who each developed a
search strategy. The initial search yielded
231 potentially eligible documents. After
removing 99 duplicates, 132 titles and ab-
stracts were screened, and 45 of these were
excluded. After full-text review, another 76
documents were excluded (22 reviews, com-
mentaries, or editorials; 39 animal experi-
ments; 12 irrelevant articles; and 3 with no
available data). The updated search did not
identify any additional eligible publications.
Ultimately, 11 articles®3° with a total of 792
participants were included. The literature
screening flowchart is shown in Figure 1.
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Figure 1. The PRISMA flowchart quantifies the studies accepted and rejected within the different review
stages and explains the reasons for the different review stage.

Study characteristics

The characteristics of all included studies
are shown in Tables 1 and 2. T1p values were
reported as outcome metricsin all 11 studies,
with six assessing T1p values in patients with
cirrhosis, six in patients with fibrosis, and one
reporting both Child-Pugh scores and T1p
values corresponding to their pathological
classifications.

Quality assessment

All 11 articles included were case-control
studies. Six were high-quality articles and
five were medium-quality articles, as shown
in Supplementary Table 1.

Descriptive analysis

Of the 11 studies, nine observed a signif-
icant increase in T1p relaxation times in pa-

tients with fibrosis or cirrhosis compared with
normal liver. Specifically, all six studies eval-
uating cirrhosis reported significantly lon-
ger T1p relaxation times, and four of the six
studies assessing patients with LF reported
significantly longer T1p relaxation times. Sup-
plementary Table 2 provides the individual P
values and Z-scores derived from forest plots.

Meta-analysis

Data on T1p values from patients with
cirrhosis or LF were collected, and the com-
bined WMD forest plots are shown in Figures
2 and 3, respectively. The differences be-
tween the two groups were statistically sig-
nificant: cirrhosis group WMD: 6.69 [95% Cl
(4.14,9.25); P < 0.001; Figure 2] and LF group
WMD: 7.17 [95% Cl (2.08, 12.26); P = 0.006;
Figure 3].

Table 1. Description of studies included in the systematic review

Subgroup analysis

Two subgroup analyses were performed
to assess the impact of disease severity. Sta-
tistically significant differences in T1p values
were observed in patients with cirrhosis with
different Child-Pugh scores when compared
with controls: Child-Pugh stage A WMD 4.73
[95% CI (2.26, 7.20); P < 0.001], Child-Pugh
stage B WMD 9.17 [95% CI (7.21, 11.13); P <
0.001], and Child-Pugh stage C WMD 15.97
[95% CI (9.30, 22.64); P < 0.001] (Figure 4).
Comparison of T1p values of patients with
different fibrosis stages showed no signif-
icant difference for stages F1-F3 [WMD:
4.38; 95% Cl (—2.04, 10.80); P = 0.18]. How-
ever, stage F4 showed a significant increase
[WMD: 10.48; 95% Cl (1.61, 19.36); P = 0.02]
(Figure 5). We also analyzed the difference
in T1p values between patients with stage
F1 fibrosis and healthy controls. Although
the mean T1p values were higher in the F1
group, the difference was not statistically sig-
nificant [WMD: 3.06, 95% Cl (-1.39, 7.51); P =
0.18].

Publication bias

Egger’s test showed no significant publi-
cation bias for either the cirrhosis or fibrosis
meta-analyses.

Sensitivity analysis

Leave-one-out sensitivity analyses showed
that removing individual studies did not sig-
nificantly impact the results, affirming the
stability and reliability of the random-effects
calculations. In addition, I? values varied by no
more than 5% across all recalculated models,
indicating that no single study exerted undue
influence on the overall results. Detailed re-
sults are presented in Supplementary Figures
1 and 2, and the corresponding I values are
shown in Supplementary Tables 3, 4.

Study Country  Duration Age (mean/range)  Gender Study Reference Disease spectrum
of patient design standard
recruitment
Patient: 51 (28-75) 16 F/17 M
Chenetal**2018 China 2014.03-2016.11 Prospective Clinical HBV, HCV, ALD
Control: 38 (23-64) 9F/24 M
2 Patient: 59.7 (28-74) 12F/22M
Alleimper eial Germany  2012.07-2013.07 Prospective Pathology =~ HCV, ALD, NASH, AlH, unknown
2014 Control: 49 29-76)  9F/16 M
Takavama et al® HBV, HCV, ALD, NASH, AlH,
2022y ’ Japan 2015.10-2018.07 73.8 (22-86) 29F/53 M Retrospective Pathology  glycogenosis, Non-B/C
hepatitis, unknow
Patient: 40-70
Singh et al*' 2015 India NA NA Prospective Pathology  HCV

Control: 27-65
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Table 1. Continued

Study Country  Duration Age (mean/range)  Gender Study Reference Disease spectrum
of patient design standard
recruitment
Takayama et al.*? . HBV, HCV, ALD, NAFLD, AlH,
2014 Japan 2012.05-2013.07 65.2 (35-86) 18F/35M Retrospective Pathology NASH, PBC, unknow
Patient: 41.7 (21-63) 5F/13 M
Xie et al.**2017 China 2015.07-2016.03 Prospective Clinical HBV
Control: 51.8 (35-74) 5F/13 M
Houetal*#2022  China 2019.04-2019.10 58 NA Retrospective Pathology =~ NAFLD
37 Patient: 68 (36-87)
SUVEIIEICEES Japan 2016.07-2017.01 NA Prospective  Clinical HBV, HCV, AlH, NAFLD, ALD
2021 Control: 30 (26-46)
30 Patient: 56.6 (23-80) NA
Rauscheretal® o many  2012.01-2012.11 NA Clinical HBV, HCV, ALD
2014 Control: 42.7 (27-65) 6 F/4M
(P;:'_e;ot): 48.47 3F/14M
Yang etal**2016 China 2014.03-2015.11 NA Pathology  HBV, HCV, ALD
Control: 41.44 19F/21 M
(22-64)
Stief 2019 Germany  2016.05-2017.03 65.2 (23-88) 129 F/84 M  Retrospective Clinical NA

HBV, hepatitis B virus; HCV, hepatitis C virus; ALD, alcoholic liver disease; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; AlH, autoimmune hepatitis;

PBC, primary biliary cholangitis; F, female; M, male; NA, not available.

Table 2. Description of studies included in the systematic review

Study Scanner TSL/frequency Coil TR/TE Slicesof T1p Shape of ROIs Location of Breath-
sequence ROIls control
technique
. Respiratory-
16-Ch sense XL F;%rc]tionall SRl S0
Chen et al.*>2018 3.0T Philips 0, 10, 20, 40, 60/500 5.1/255 NA NA . Y whole-liver
Torso independent
coverage
segments
sequence
29 H H
Allkemperetal®® 4 o ppilins 10, 20, 40, 80/500 16-Ch Torso 9.1/46 26 Circle Liver Respiratory
2014 parenchyma belt
2 ) P .
Takayamaetal 501 ppilins 0,20, 40, 60/500 SZANRET RS g amn Flaont Liver Breath-hold
2022 phased-array regions parenchyma
Singhetal?2015 ! 0,10, 20, 30/500 Eeseh Rl 5124 1 NA Liver Breath-hold
Siemens array parenchyma
. Right lobe or
32 - -
Takayamaetal®* 501 ppiing 1,20, 40, 60/500 S AIRED EIRE oy men 5 Circle; oval segment IV of  Breath-hold
2014 phased-array
the left lobe
. 2 L Left lobes;
Xie et al.># 2017 3.0T Philips 1,10, 20, 30,40, 50/500  16-Ch phased-array  3.8/1.82 8 s Breath-hold
Houetal#2022  3.0TPhilips 0,10, 30, 50/NA Invivo 32-Ch cardiac  2000/20 3 NA Liver Breath-hold
parenchyma
37
gggima GiseL 3.0TPhilips 0,10, 20,40,60/1000  32-Ch torso 4322 11 Focal Right lobe Breath-hold
30 H
FEUPEICT GRS L= 4,8,16,32, 48/NA X2l BN 1 3131 1 Circlefirregular  Right lobe Breath-hold
2014 Siemens matrix
Yang et al.** 2016 3.0T Philips 1,27, 54/500 16-Ch sense XL torso  2.1/1.02 3 Oval NA Breath-hold
15T One-Ch body coil
Stief et al.*¢ 2019 Siemens 0,10, 20, 30, 40, 50/500 and 8-Ch surface 5.1/24 2 Circle Right lobe NA

coils

TSL, time of spin-lock; TR, repetition time; TE, echo time; Ch, channel; ROI, region of interest; NA, not available.
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Cirrhosis Healthy Mean Difference Mean Difference

Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Allkemper 2014 4981 289 32 409 29 25 186%  8.91(7.39,10.43] -
Chen 2018 48369 478 34 3963 3.2 33 178% 9.06(7.12,11.00] —
Rauscher 2014 574 74 21 478 42 10 132%  9.60(5.50,13.70) —
Stief 2019 5111 345 47 4756 417 166 19.1% 3.55(2.38,4.72) -

Takayama 2022 55.66 6.47 82 51.7 6.3 21 156% 3.96 [0.92, 7.00] -

Yang 2016 5558 5.76 17 5013 3.88 34 156% 5.45[2.42, 8.48) —

Total (95% CI) 233 289 100.0% 6.69 [4.14, 9.25] S
Heterogeneity: Tau®= 8.53; Chi*= 45.14, df= § (P < 0.00001); F= 89% 3 5 & & 10

Test for overall effect: Z=5.13 (P < 0.00001) Favours [Cirrhosis] Favours [Healthy)

Figure 2. Forest plot showing individual differences and pooled mean standard deviation of T1p relaxation times (ms) in healthy controls and patients with cirrhosis.
Cl, confidence interval; SD, standard deviation; IV, inverse variance.

Fibrosis Healthy Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Hou 2022 4115 3.73 33 41.76 294 22 18.2% -0.61 [-2.38,1.16) -
Singh 2015 64.45 3.64 6 51.04 3.06 7 17.0% 13.41[9.72,17.10] e
Suyama 2021 765 995 16 554 6.69 4 126% 21.10(12.93,29.27) T —
Takayama 2014 40.44 486 24 3991 465 18 17.6% 053 [-2.37,3.43) =
Takayama 2022 57.04 63 61 517 63 21 17.4% 5.34 [2.22, 8.46) ==
Xie 2017 526 68 18 449 28 18 17.2% 7.70[4.30,11.10) ——
Total (95% Cl) 158 90 100.0%  7.17[2.08, 12.26] <

Heterogeneity: Tau®= 36.20; Chi*= 77.42, df=5 (P < 0.00001), = 94%

Test for overall effect: Z= 2.76 (P = 0.006) =N =l - N

Favours [Fibrosis] Favours [Healthy]

Figure 3. Forest plot showing individual differences and pooled mean standard deviation of T1p relaxation times (ms) for healthy controls and patients with fibrosis.
Cl, confidence interval; SD, standard deviation; IV, inverse variance.

Cirrhosis Healthy Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1CPA
Allkemper 2014 454 16 11 409 29 25 405% 4.50 [3.02,5.98] -
Chen 2018 468 52 21 3963 32 33 321% 7.27 [4.78,8.75) =
Takayama 2022 538 6.1 68 51.7 63 21 27.4% 2.10(-0.95,5.15] ™=
Subtotal (95% CI) 101 79 100.0% 4.73]2.26,7.20] <>
Heterogeneity. Tau®= 3.34; Chi*=6.97, df= 2 (P = 0.03),*=71%
Testfor overall effect: Z=3.76 (P = 0.0002)
1.2.2CPB
Allkemper 2014 50 3 12 409 28 25 923% 9.10([7.06,11.14] ]
Takayama 2022 61.7 94 8 51.7 6.3 21 7.7% 10.00(2.95,17.05)
Subtotal (95% CI) 20 46 100.0%  9.17 [7.21, 11.13] 0
Heterogeneity: Tau= 0.00; Chi*=0.06, df=1 (P = 0.81);*=0%
Testfor overall effect: Z=9.16 (P < 0.00001)
1.23CPC
Allkemper 2014 54 37 11 409 29 25 58.4% 13.10[10.64, 15.56) -
Takayama 2022 7.7 62 5 &1.7 63 21 41.6% 20.00[13.93, 26.07) ==f=
Subtotal (95% CI) 16 46 100.0% 1597 [9.30, 22.64] i
Heterogeneity: Tau= 18.23; Chi*= 4.27, df=1 (P=0.04); F= 77%
Testfor overall effect: Z=4.70 (P < 0.00001)
1.2.4 CPB+CPC
Chen 2018 5212 381 11 3963 3.2 33 1000% 12.49(9.99, 14.99 !
Subtotal (95% CI) 1 33 100.0% 12.49[9.99, 14.99]
Heterogeneity: Not applicable
Testfor overall effect Z=9.78 (P < 0.00001)
+ } y y
-20 -10 10 20

Testfor subaroun differences: Chi#= 23.20. df= 3 (P < 0.0001). F=87.1% Favours [experimental] Favours [control]

Figure 4. Forest plots showing individual differences in T1p relaxation times (ms) and pooled mean standard deviations for healthy controls and patients with
cirrhosis with different Child—-Pugh scores. SD, standard deviation; Cl, confidence interval; CPA, Child-Pugh A; CPB, Child-Pugh B; CPC, Child-Pugh C; IV, inverse
variance

20 « January 2026 - Diagnostic and Interventional Radiology Liuetal.



Fibrosis Healthy Mean Difference Mean Difference
Study or Subqrou Mean _SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
3.1.1F1+2+3
Singh 2015 62.58 3.64 5 51.04 3.06 7 323% 11.54[7.63,15.45) -
Takayama 2014 39.99 4.57 19 3991 465 18 34.0% 0.08 [-2.89, 3.05) i
Takayama 2022 53.56 5.22 38 517 63 21 33.7% 1.86 [-1.30,5.02)
Subtotal (95% CI) 62 46 100.0% 4.38[-2.04, 10.80]
Heterogeneity: Tau®= 29.20; Chi*= 22.32, df= 2 (P < 0.0001); F=981%
Test for overall effect: Z=1.34 (P=0.18)
3.1.2F4
Singh 2015 738 64 1 51.04 3.06 7 23.0% 22.76[10.01,35.51) A E—
Takayama 2014 4216 5.88 5 3991 465 18 37.2% 225[-3.33,7.83) I L
Takayama 2022 628 7.7 23 517 63 21 39.8% 11.10[6.96,15.24) ——
Subtotal (95% ClI) 29 46 100.0% 10.48[1.61, 19.36] —~ali—
Heterogeneity: Tau®= 47.00; Chi*=11.07, df= 2 (P = 0.004); F=82%
Test for overall effect: Z= 2.32 (P = 0.02)

20 10 0 10 20

Test for subaroun differences: Chi*=1.19.df=1 (P=0.27). F=16.2%

Favours [Fibrosis] Favours [Healthy)

Figure 5. Forest plots showing individual differences in T1p relaxation times (ms) and pooled mean standard deviations for healthy controls and patients with
different degrees of liver fibrosis. Cl, confidence interval; IV, inverse variance; SD, standard deviation.

Discussion

Cirrhosis represents the advanced stage
of various CLDs, and several imaging tech-
niques facilitate direct diagnosis and staging
of LF, including state or shear wave elastogra-
phy, perfusion or dual-energy computed to-
mography, liver-specific contrast-enhanced
MR, diffusion-weighted MRI, and MR elas-
tography.** T1p imaging, an emerging im-
aging technique, is currently used to detect
macromolecular levels, and its diagnosis of
LF may depend on the overall loss of mac-
romolecule content and an increase in water
fraction.*® Our study, based on data from 11
studies involving 792 participants, showed
that T1p relaxation time was effective in
differentiating between normal livers and
patients with LF. These findings align with
previous animal studies*~*° and underscore
the potential of T1p values in reflecting the
severity of LF.

The results of the subgroup analyses
further indicated that T1p relaxation times
showed a significant advantage in differen-
tiating between varying degrees of cirrho-
sis as the disease progressed. Specifically,
there was a significant difference between
T1p values for cirrhosis across Child-Pugh
stages compared with normal liver, and this
difference increased with higher Child-Pugh
scores. Furthermore, in the comparison of
different fibrosis stages, although patients in
stages F1-F3 did not show statistically signifi-
cant differences, in stage F4 (i.e., advanced LF
or cirrhosis), the difference in T1p values was
statistically significant. Multiple subgrouping
strategies were attempted—including by in-
dividual fibrosis stages and early (F1-2) ver-
sus advanced (F3-4) groupings—but most

comparisons did not reach statistical signif-
icance due to limited data and high variabil-
ity. Therefore, stages F1-3 were combined to
examine overall T1p trends in early-to-mod-
erate fibrosis.

The Child-Pugh classification for assess-
ing liver reserve function in cirrhosis evalu-
ates the overall functional status of the liver
based on five clinical and biochemical param-
eters (bilirubin, albumin, coagulation time,
ascites, and hepatic encephalopathy), where-
as LF responds to histological alterations of
the liver only. Previous studies have reported
a negative correlation between T1p and liver
iron concentration (LIC), suggesting that LIC
may confound T1p measurements.>’*? More-
over, changes in T1p values do not always
directly reflect structural changes in hepatic
tissues,****indicating that T1p values are sen-
sitive to a wide range of biological and phys-
ical factors. T1p values may also be affected
by unknown factors, such as inflammation,
venous congestion, or lymphoedema, all of
which could alter T1p signals, leading to in-
creased differences in T1p signals in various
regions of the liver, thus affecting fibrosis as-
sessment. In addition, comorbidities such as
diabetes and obesity may also interfere with
the interpretation of the T1p signal, further
increasing the variability of the signal. There-
fore, more studies are needed to understand
the effect of LF on liver T1p values.

One strength of this study is that it is the
first meta-analysis of the effectiveness of T1p
in differentiating normal liver from CLD-re-
lated fibrosis, conducted in accordance with
established guidelines for systematic reviews
and meta-analyses.?* This included consen-
sus among multiple reviewers at each step

of the literature search, study selection, and
data extraction; quality assessment of the
studies; publication bias assessment and ad-
justment; and preplanned meta-analyses, in-
cluding sensitivity analyses based on a priori
assumptions in the event of substantial het-
erogeneity. However, the analysis encoun-
tered high heterogeneity among the includ-
ed studies (>50% for the primary outcome),
with the source of this heterogeneity remain-
ing unidentified despite subgroup analyses.
Moreover, the limited number of T1p studies
on LF and small sample sizes further em-
phasize the need for additional research to
strengthen confidence in the results.

Considerable variation was noted be-
tween MRI methods in the included stud-
ies, including scanners, coils, software, and
pulse sequences, all of which can affect T1p
relaxation. In this review alone, two brands
of scanners, two magnet strengths, and sev-
en different coils were identified (Table 2).
Choice of pulse sequence can also signifi-
cantly affect relaxation time, with a differ-
ence of as much as 10ms observed across
commonly used sequences.>>¢ Post-process-
ing and segmentation can also affect T1p
values, such as how the assessor defines the
region of interest (ROI), differences in the ROI
between studies, the number of slices includ-
ed in the ROI,%” the proximity of the border
to other tissues, and partial volume effects.*®
Continued use of the recommended stan-
dardized terminology and ROI definitions
will improve the comparability of ROIs across
studies and study sites.>* This study identified
substantial differences in methods across
testing sites, suggesting that considerable
caution should be adopted when making
comparisons across studies and highlighting
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the limitations in the current state of T1p re-
laxation as an imaging biomarker.

Improving the reliability of compositional
MRI as an imaging biomarker requires com-
parability across scanners and research in-
stitutions. The results of this study support
current international efforts by researchers
and vendors to improve sequencing, calibra-
tion, and standardization,®® for example, the
use of a calibration phantom to develop cali-
bration functions to account for the different
hardware and software used in different in-
stitutions.®*®" Meanwhile, the findings from
this study suggest that the future use of MRI
component measurements as potential bio-
markers would benefit from a deeper under-
standing of the impact of different testing
methods and more standardization of data
collection and analysis methods.52¢*

Although this study provides a system-
atic analysis of the effectiveness of hepatic
fibrosis detection with T1p by integrating
the existing literature, there are still some
limitations. First, the small number of origi-
nal studies included limits our ability to draw
more generalizable conclusions. Second, the
different studies involved different groups of
patients who varied in disease severity, LF eti-
ology, age, and gender ratio, which may have
affected T1p performance and thus the gen-
eralizability of the results. Third, the imaging
parameters used in different studies (differ-
ent settings of the T1p imaging sequence,
different models of imaging equipment, dif-
ferent breathing control techniques, location
of the ROIs, etc.) may have also contributed
to the heterogeneity of the results.

The significant heterogeneity observed
in the combined effect size of T1p relaxation
times underscores the need for further inves-
tigation, particularly on the impact of differ-
ent CLD stages. Subgroup analyses hint at
varying degrees of heterogeneity across LF
stages, suggesting the need for standardized
assessment criteria and additional prospec-
tive studies to minimize bias and validate
the diagnostic utility of T1p for LF staging. Al-
though T1p values exhibited slight differenc-
es across fibrosis stages, they demonstrated
limited ability to differentiate early-stage
fibrosis from a normal liver, yet hold prom-
ise in differentiating F4 stage fibrosis from
cirrhosis. This limitation is likely due to the
subtle histological changes present in ear-
ly-stage fibrosis, which may be below the
detection threshold of T1p mapping tech-
niques. At stages F1-F3, collagen deposition
and extracellular matrix remodeling remain
relatively limited, leading to only minor alter-
ations in tissue macromolecular content and

water interaction that may not significantly
affect T1p relaxation times. This observation
is consistent with prior studies using MR elas-
tography and diffusion-weighted MRI, which
have also demonstrated reduced sensitivity
in differentiating early-stage LF.54¢

In conclusion, based on these results,
hepatic T1p relaxation measurements show
great potential in identifying LF in patients
with CLD. This study provides a more plausi-
ble scientific basis for the validity of T1p for
detecting LF and a new idea for the non-in-
vasive assessment of LF.
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Dear Editor,

We sincerely thank the author for their insightful comments' and valuable suggestions
regarding our manuscript titled “Evaluating text and visual diagnostic capabilities of large
language models on questions related to the Breast Imaging Reporting and Data System
Atlas 5™ edition.? We appreciate the author’s interest and the constructive proposal to incor-
porate retrieval-augmented generation (RAG) methodologies.!

We fully agree that employing RAG could enhance the accuracy, contextual relevance, and
reliability of responses generated by large language models (LLMs), particularly when ad-
dressing complex clinical scenarios such as those encountered in breast radiology.? As noted,
RAG effectively mitigates limitations inherent in static models, including knowledge gaps and
the risk of hallucinations, by dynamically retrieving relevant external information.>*

The examples provided by the author, including the promising results reported by Tozuka
et al.’ in lung cancer tumor, node, metastasis staging using Google’s NotebookLM with RAG,
clearly demonstrate the considerable potential of this approach in radiological contexts.

Given these compelling points, we agree that incorporating RAG methodologies in future
research would be highly valuable. Our current study did not include RAG, as its initial scope
was limited to evaluating the inherent capabilities of standalone LLMs compared with radiol-
ogists based solely on the models’ existing training data. Nonetheless, we acknowledge that
future investigations involving retrieval-based augmentation could yield further insights into
enhancing LLM performance in clinical radiology decision-making and guideline adherence.®

We appreciate the constructive input and believe that combining LLMs with RAG tech-
niques in future work could substantially advance radiology education and clinical practice.

Thank you again for your thoughtful recommendations and contribution to this important
discussion.
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PURPOSE

Chat Generative Pre-trained Transformer (ChatGPT)-4V, a large language model developed by
OpenAl, has been explored for its potential application in radiology. This study assesses ChatGPT-
4V's diagnostic performance in identifying various types of intracranial hemorrhages in non-con-
trast cranial computed tomography (CT) images.

METHODS

Intracranial hemorrhages were presented to ChatGPT using the clearest 2D imaging slices. The first
question, “Q1: Which imaging technique is used in this image?” was asked to determine the imag-
ing modality. ChatGPT was then prompted with the second question, “Q2: What do you see in this
image and what is the final diagnosis?” to assess whether the CT scan was normal or showed pa-
thology. For CT scans containing hemorrhage that ChatGPT did not interpret correctly, a follow-up
question—"Q3: There is bleeding in this image. Which type of bleeding do you see?”"-was used to
evaluate whether this guidance influenced its response.

RESULTS

ChatGPT accurately identified the imaging technique (Q1) in all cases but demonstrated difficulty
diagnosing epidural hematoma (EDH), subdural hematoma (SDH), and subarachnoid hemorrhage
(SAH) when no clues were provided (Q2). When a hemorrhage clue was introduced (Q3), ChatGPT
correctly identified EDH in 16.7% of cases, SDH in 60%, and SAH in 15.6%, and achieved 100% diag-
nostic accuracy for hemorrhagic cerebrovascular disease. Its sensitivity, specificity, and accuracy for
Q2 were 23.6%, 92.5%, and 57.4%, respectively. These values improved substantially with the clue
in Q3, with sensitivity rising to 50.9% and accuracy to 71.3%. ChatGPT also demonstrated higher
diagnostic accuracy in larger hemorrhages in EDH and SDH images.

CONCLUSION
Although the model performs well in recognizing imaging modalities, its diagnostic accuracy sub-
stantially improves when guided by additional contextual information.

CLINICAL SIGNIFICANCE
These findings suggest that ChatGPT’s diagnostic performance improves with guided prompts,
highlighting its potential as a supportive tool in clinical radiology.

KEYWORDS
Artificial intelligence, intracranial hemorrhages, ChatGPT, computed tomography, hematoma

rtificial intelligence (Al) is increasingly being used across various fields to assist humans
in quickly accessing information and supporting decision-making processes.! One
of the subcategories of Al, large language models (LLMs), is a type of generative Al
capable of processing, understanding, and generating human knowledge. LLMs are trained
using self-supervised learning, which enables them to predict missing or hidden elements
within a text.? Among these LLMs, Chat Generative Pre-trained Transformer (ChatGPT) is built
on the GPT-4 architecture. ChatGPT is a text-based model that supports decision-making

You may cite this article as: Bayar-Kapici O, Altunisik E, Musabeyoglu F, Dev S, Kaya O. Artificial intelligence in radiology: diagnostic sensitivity of ChatGPT for
detecting hemorrhages in cranial computed tomography scans. Diagn Interv Radiol. 2026;32(1):27-32.
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across a wide range of domains. OpenAl’s
ChatGPT model operates using a supervised
learning process in which it predicts the next
element in a sequence of text.?

In November 2023, OpenAl updated
the ChatGPT model to GPT-4V, which intro-
duced the ability not only to communicate
through text but also to interpret and gen-
erate images. GPT-4V is an enhanced version
of ChatGPT with capabilities for processing
visual data, allowing it to analyze and com-
ment on images. This development expands
its utility beyond text-based tasks, enabling
performance in image-related contexts as
well.* However, the visual capabilities of
ChatGPT remain in development and cur-
rently have certain limitations.

There has been considerable discussion
in the literature regarding the potential use
of Al in radiology.® In acute settings, where
rapid decision-making is critical, Al's ability
to detect pathologies in radiological imaging
may help reduce patient morbidity and mor-
tality. It has been proposed that ChatGPT,
in particular, could support the diagnosis of
patients with time-sensitive conditions such
as stroke.® In such cases, where timely inter-
vention substantially lowers the risk of long-
term disability, ChatGPT'’s diagnostic capabil-
ities could offer valuable support.

In this study, we presented ChatGPT-4V
with computed tomography images (CTI)
of epidural hematoma (EDH), subdural he-
matoma (SDH), subarachnoid hemorrhage
(SAH), hemorrhagic cerebrovascular disease
(HSVD), and normal brain scans [non-con-
trast CT (NCT)], and asked it a series of ques-
tions. We aimed to evaluate its diagnostic

* Chat Generative Pre-trained Transformer
(ChatGPT)-4V accurately identified the im-
aging modality (computed tomography) in
all cranial scans presented.

* Without prompts, its sensitivity in diag-
nosing intracranial hemorrhages was low
(23.6%) but improved substantially (50.9%)
when guided with additional context.

* Diagnostic accuracy was highest for hemor-
rhagic cerebrovascular disease and lowest
for subdural hematoma (SDH) and epidural
hemorrhage.

* ChatGPT performed better on scans with
larger hemorrhage diameters, particularly
in epidural hematoma and SDH cases.

* While not yet reliable for autonomous di-
agnosis, ChatGPT’s performance improves
with structured prompting, suggesting po-
tential as a supportive tool in radiology.

sensitivity and specificity in detecting hem-
orrhages based on the responses it provided.

Methods

Study design

This study was conducted at the Neurolo-
gy Clinic of Gaziantep City Hospital. Approv-
al was obtained from the Non-Interventional
Clinical Research Ethics Committee of Ga-
ziantep City Hospital (IRB number: 159/2025,
decision date: March 19, 2025). All partici-
pants provided signed informed consent.

Participants were required to meet
specific inclusion criteria. Only adults aged
18 years and older with available cranial CT
scans were included. These scans needed to
show either intracranial hemorrhages-such
as EDH, SDH, SAH, or HSVD-or a normal
brain. Additionally, the CTls had to be clear
and non-contrast, enabling accurate detec-
tion and classification of hemorrhages.

Exclusion criteria included pediatric pa-
tients under the age of 18, as well as partic-
ipants with unclear CTls or imaging artifacts
that interfered with hemorrhage detection.
Patients with a history of cognitive impair-
ment or conditions that prevented them
from providing informed consent were also
excluded, as were individuals with a history
of brain trauma or prior neurosurgical proce-
dures, as these could influence the interpre-
tation of current CT findings. Finally, cases
involving chronic hemorrhages, where the
acute nature of the pathology could not be
confirmed, were excluded. A flowchart of the
study is presented in Figure 1.

Chat Generative Pre-trained Transformer
assessment

Intracranial hemorrhages were presented
to ChatGPT using the clearest 2D imaging
slices. In Q1, ChatGPT was asked to identify
the imaging technique (Figure 2). In Q2, it
was prompted to determine whether the CTI
was normal or to identify any pathology, if
present (Figure 3). For scans showing hemor-
rhage that ChatGPT failed to interpret accu-
rately, a follow-up prompt-Q3-was used to
assess whether its response changed when
guided to identify the type of bleeding (Fig-
ure 4).

Statistical analysis

The analysis of ChatGPT's diagnostic
performance was conducted using descrip-
tive statistics to evaluate the model’s suc-
cess rates in answering questions related to
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various hemorrhage types (EDH, SDH, SAH,
HSVD, and NCT) presented in cranial CT
scans. The success rates for each question
(Q1, Q2, Q3) were calculated and reported as
frequencies and percentages for each condi-
tion.

To determine the sensitivity, specificity,
positive predictive value (PPV), negative
predictive value (NPV), and accuracy of the
model in identifying hemorrhages, 2 x 2
contingency tables were constructed for
each question. Sensitivity (true positive rate)
and specificity (true negative rate) were cal-
culated for Q2 and Q3 to evaluate ChatGPT'’s
diagnostic performance in detecting hemor-
rhages.

Further analysis involved comparing
sensitivity and specificity across different
hemorrhage types and questions (Q1, Q2,
Q3). Additionally, the relationship between
hemorrhage size and diagnostic accuracy
was examined using P values derived from
statistical tests (e.g., Mann-Whitney U test)
to assess whether hemorrhage size influ-
enced diagnostic outcomes.

Results

ChatGPT correctly identified the imaging
technique (Q1) in all images. When asked
what it saw in the image without any clues
(Q2), ChatGPT failed to correctly diagnose
EDH, SDH, and SAH. However, when the im-
age was identified as showing hemorrhage
and the task was to determine the type,
ChatGPT correctly identified EDH in 16.7%,
SDH in 60%, and SAH in 15.6% of cases. For
HSVD, ChatGPT achieved an 86.7% correct
diagnosis rate in Q2 and reached 100% diag-
nostic accuracy in Q3. It also correctly identi-
fied negative findings in 92.5% of normal CT
scans (Table 1 and Figure 5).

The sensitivity and specificity of ChatGPT
for detecting intracranial hemorrhages are
summarized in Table 2. For Q2, sensitivity
was 23.6%, specificity was 92.5%, PPV was
76.5%, NPV was 53.8%, and overall accuracy
was 57.4%. With the diagnostic clue provided
in Q3, sensitivity increased to 50.9%, PPV to
87.5%, NPV to 64.5%, and accuracy to 71.3%.

The relationship between correct diagno-
ses of EDH and SDH in Q3 and hemorrhage
size is shown in Table 3. According to these
results, in EDH and SDH images, the hemor-
rhage size was statistically significantly larg-
er in cases correctly diagnosed by ChatGPT
compared with false negatives (P=0.038 and
P =0.030, respectively).

Bayar-Kapic et al.



Discussion

The main findings of this study are as fol-
lows: (i) ChatGPT correctly identified the im-
aging modality in all images; (ii) it failed to
provide accurate diagnoses in cases of EDH,
SDH, and SAH, with the exception of HSVD;
(iii) it was able to generate correct diagnoses
when appropriately guided; and (iv) in EDH
and SDH images, the hemorrhage diameter
was larger in cases where ChatGPT provided
the correct diagnosis.

This study evaluated the diagnostic ca-
pabilities of ChatGPT in identifying various
types of intracranial hemorrhages using
non-contrast cranial CTls. The results high-
light both the potential and the current

320 Images

216 Images

/3
110
hemorrhage
images
.

ChatGPT analysis
(Questions 1-3)

. S

2

limitations of this large language and vision
model in the context of neuroimaging inter-
pretation.

The first key finding is that ChatGPT suc-
cessfully identified the imaging modality as
CT in 100% of cases. This suggests that the
model is reliably capable of recognizing ba-
sicimaging types, even when presented with
isolated slices and no clinical context. How-
ever, when tasked with identifying specific
pathologies—particularly acute hemorrhag-
es-its diagnostic performance was notably
limited. The model was only able to correctly
diagnose HSVD with high accuracy, whereas
it consistently failed to detect EDH, SDH, and
SAH without guidance.

4 N\
104 excluded (pediatric cases,
imaging artifacts, history of
brain trauma, history of
neurosurgery chronic
hamorrhages, cognitive
“ impairment) )
N /

N

106 normal

images
S

Figure 1. Flowchart of the study. ChatGPT, Chat Generative Pre-trained Transformer.

These findings are important, as they re-
veal that while ChatGPT possesses a degree
of image interpretation capacity, its baseline
performance in detecting life-threatening
hemorrhages remains suboptimal. A key
secondary observation, however, is that the
model’s diagnostic accuracy improved con-
siderably when guided with targeted ques-
tions (Q3). Prior research has suggested that
LLMs such as ChatGPT tend to perform bet-
ter in complex clinical tasks when questions
are framed in open-ended or context-rich
formats, which enhance the relevance and
depth of their responses.’

Supporting our findings, a recent study
by Kahalian et al® evaluated ChatGPT-4V's
diagnostic performance in interpreting oral
and maxillofacial radiographic images. The
authors reported that the correct pre-di-
agnosis rate was only 30.7% when no clues
were provided, but this rate substantially
increased to 56.9% with the inclusion of
structured prompts, such as internal lesion
features or anatomical context. These results
confirm that providing domain-relevant cues
can substantially enhance the diagnostic ac-
curacy of GPT-4V in medical imaging tasks.
Notably, similar to our study, the authors
found that the model struggled to differen-
tiate closely located anatomical structures
and failed to generate comprehensive dif-
ferential diagnoses in complex cases. This
parallel reinforces the conclusion that, while
ChatGPT-4V demonstrates baseline interpre-
tive ability, its effective use in clinical radiol-
ogy depends heavily on contextual scaffold-
ing and targeted prompting strategies.

Recent literature has further emphasized
the growing potential of LLMs in radiology,
highlighting their capacity to support tasks
ranging from protocol selection to diag-
nostic reasoning and structured reporting.
Akinci D’Antonoli et al.’ provided a com-
prehensive overview of how LLMs, such as
GPT-4, may be integrated into radiological
workflows to improve clinical decision-mak-

Which imaging technique is used in this image?

The imaging technique used in this image is non-contrast cranial computed tomography (CT).

Figure 2. Q1: Which imaging technique is used in this image?
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ing and enhance the efficiency of data inter-
pretation. Although our study demonstrates
that GPT-4V continues to underperform in
detecting subtle hemorrhagic pathologies
on cranial CT scans—particularly in the ab-
sence of contextual prompts-these broader
applications suggest that LLMs may still con-
tribute meaningfully when used for textual
analysis, report structuring, or as conversa-
tional assistants in radiology departments.
Future iterations of such models, especially
those fine-tuned for radiological image data
and integrated with clinical metadata, may

hold transformative potential in diagnostic
radiology.

In contrast to our findings, which revealed
diagnostic limitations of ChatGPT on cranial
CTls, Kuzan et al.” observed improved per-
formance in stroke diagnosis when diffu-
sion-weighted imaging (DWI) magnetic res-
onance imaging (MRI) was utilized. In their
study, ChatGPT-4V demonstrated a sensi-
tivity of 79.5% and a specificity of 84.9% in
detecting acute ischemic stroke using DWI
and apparent diffusion coefficient maps. Al-
though our results showed that ChatGPT-4V

struggled particularly with identifying EDH,
SDH, and SAH, its success in HSVD cases and
its improvement after guided prompts sug-
gest that diagnostic performance is strongly
influenced by the nature and clarity of radio-
logical findings. The relatively high accuracy
reported by Kuzan et al." may be attributed
to the more conspicuous radiologic features
of diffusion restriction on MRI, compared
with the often subtle or variable appear-
ance of hemorrhages on CT. These findings
underscore the importance of tailoring Al
applications to specific imaging modalities

What do you see in this image? What is your final diagnosis?

=}

This axial non-contrast CT scan of the brain appears relatively normal. Here's what | observe:

Key findings:

« Symmetric lateral ventricles without midline shift

» No hyperdense (acute blood) or hypodense (edema or infarct) areas

« No mass effect, sulcal effacement, or herniation signs

» Gray-white matter differentiation is preserved

« No evidence of skull fracture or extracranial soft tissue swelling

Final Diagnosis:

Normal cranial CT — no acute intracranial pathology is visible in this slice.

Figure 3. Q2: What do you see in this image, and what is the final diagnosis? CT, computed tomography.

There is a bleeding in this image. Which type of bleeding do you
see?

This CT image shows a hyperdense (bright) crescent-shaped area along the left cerebral hemisphere,

causing a midline shift and compression of the lateral ventricle. These findings are characteristic of a

subdural hematoma (SDH).

Figure 4. Q3: There is bleeding in this image. Which type of bleeding do you see?
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and reinforce the potential of ChatGPT as a
supportive tool when used within defined
clinical and technical contexts.

Furthermore, the study showed that in
EDH and SDH cases, the hemorrhage diame-
ter was substantially greater in the true pos-

Q1
Q2

100} g 03

80

60

40t

Number of Correct Answers

20

" -

itive group than in the false negative group.
This suggests that the model may be more
adept at recognizing larger and more promi-
nent pathologies and may struggle with sub-
tle or borderline findings. This size-related
variability in diagnostic accuracy has impor-

EDH SDH

SAH HSVD NCT

Figure 5. Number of correct responses by ChatGPT. ChatGPT, Chat Generative Pre-trained Transformer;
EDH, epidural hematoma; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; HSVD, hemorrhagic
cerebrovascular disease; NCT, non-contrast computed tomography.

Table 1. ChatGPT's success rates in answering the questions

Q1 Q2 Q3
n (%) n (%) n (%)
EDH (n=18) 18 (100) 0(0) 3(16.7)
SDH (n=30) 30 (100) 0(0) 18 (60)
SAH (n =32) 32(100) 0(0) 5(15.6)
HSVD (n =30) 30 (100) 26 (86.7) 30 (100)
NCT (n = 106) 106 (100) 98 (92.5)

ChatGPT, Chat Generative Pre-trained Transformer; EDH, epidural hematoma; SDH, subdural hematoma; SAH,
subarachnoid hemorrhage; HSVD, hemorrhagic cerebrovascular disease; NCT, normal cranial computed tomography

images.

Table 2. Sensitivity and specificity analysis of ChatGPT

Q2 TP TN FP FN Sensitivity Specificity PPV NPV Accuracy
n 26 98 8 84 26/110 98/106 26/34 98/182 124/216
% 23.6 92.5 76.5 53.8 57.4
Q3 TP TN FP FN Sensitivity Specificity PPV NPV Accuracy
n 56 98 8 54 56/110 98/106 56/64 98/152 154/216
% 50.9 92.5 87.5 64.5 713

Sensitivity =TP / (TP + FN), Specificity =TN / (TN + FP), PPV =TP / (TP + FP), NPV =TN / (TN + FN), Accuracy = (TP +

TN) /(TP +TN + FP + FN).

TP, true positives; TN, true negatives; FP, false positives; FN, false negatives; NPV, negative predictive value.

Table 3. Comparison of ChatGPT's results based on hemorrhage size

Q3 FN median (min.-max.) TP median (min.—max.) P value
EDH diameter (mm) 10 (3-32) 17 (16-20) 0.038
SDH diameter (mm) 19 (10-35) 22.5(12-41) 0.030

The Mann-Whitney U test was used. A P value <0.05 was considered statistically significant.
EDH, epidural hematoma; SDH , subdural hematoma; mm, millimeter; FN, false negatives; TP, true positives; min.—

max., minimum-maximum.

tant implications for clinical practice, where
early detection of small-volume hemorrhag-
es is often critical for timely intervention.

A recent study by Koyun et al.”" evaluat-
ed the diagnostic capabilities of ChatGPT-4V
in identifying various types of intracranial
hemorrhages on NCT and reported promis-
ing results, with a sensitivity of 79.2% and an
accuracy of 68.3% in hemorrhage detection.
However, their findings also revealed no-
table limitations in localizing hemorrhages
and identifying subarachnoid and epidural
types, particularly in the absence of clear
density differences. These results are con-
sistent with our study, which demonstrated
that ChatGPT’s performance was markedly
better for hemorrhages with larger diame-
ters and distinct features (e.g., HSVD), where-
as its diagnostic accuracy was considerably
lower in cases of EDH, SDH, and SAH. Nota-
bly, both studies found that the model was
highly consistent in identifying the imaging
modality but often failed in complex classifi-
cation tasks without tailored prompting. To-
gether, these findings highlight the current
strengths and limitations of general-purpose
LLMs in radiologic interpretation and rein-
force the need for multimodal training and
task-specific tuning for clinical use.

One of the most comprehensive assess-
ments of GPT-4V's performance in neuro-
imaging was recently conducted by Zhang
et al.'?, who analyzed the model’s ability to
detect and annotate cerebral hemorrhages
on non-contrast cranial CTls. In their retro-
spective evaluation of 208 CT scans, GPT-4V
achieved an overall identification complete-
ness of 72.6%, with the highest performance
observed in epidural and intraparenchymal
hemorrhages (89.0% and 86.9%, respective-
ly). However, it showed substantially lower
performance in chronic SDH and SAH, mir-
roring the diagnostic gaps also noted in our
study. Their results also indicated that GPT-
4V was more accurate in identifying massive
hemorrhages than minor ones, supporting
our finding that larger bleeding volumes in
EDH and SDH were associated with better
diagnostic accuracy. Together, these findings
underscore the model’s dependence on the
visual salience of hemorrhagic lesions and
reaffirm the need for multimodal refinement
and clinical oversight if GPT-4V is to be inte-
grated into routine radiologic workflows.

In addition to our findings on im-
age-based diagnostic limitations, recent re-
search has also highlighted concerns regard-
ing the textual output of Al models. Gil et
al.” conducted a cross-sectional study eval-
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uating the quality, reliability, and readability
of ChatGPT, Bard, and Perplexity responses
to patient-centered questions on SDH. They
found that all three Al tools produced an-
swers that substantially exceeded the rec-
ommended sixth-grade reading level, mak-
ing the content difficult for general users to
understand. Moreover, ChatGPT'’s responses
were rated lower in readability than Bard and
Perplexity, and its DISCERN and JAMA quality
scores indicated deficiencies in transparency,
citation, and clarity. These findings reinforce
the need for optimization not only in visual
diagnostic performance, as shown in our
study, but also in natural language output,
especially for patient education. They fur-
ther support the idea that while LLMs show
potential in clinical contexts, their use must
be accompanied by careful oversight and
task-specific calibration to avoid misleading
or inaccessible information.

These limitations align with the under-
standing that GPT-4V, although capable
of processing visual inputs, has not been
trained on annotated radiologic datasets and
lacks the spatial learning capabilities typical
of convolutional neural networks.” As a re-
sult, its ability to detect subtle radiographic
features remains inherently limited.

Nevertheless, the model’s capacity to en-
gage in guided reasoning and improve di-
agnostic performance when provided with
contextual prompts presents promising po-
tential. With further domain-specific training
and integration of multimodal clinical data-
such as patient history, symptoms, and lab-
oratory results-LLMs may evolve into useful
adjunct tools in emergency and diagnostic
radiology.

This study has several limitations that
should be considered. First, the sample size
for each hemorrhage type was relatively
small, which may limit the generalizability of
the results. Second, the accuracy of ChatGPT-
4V was influenced by the clarity and quality
of the CTls, as some scans contained artifacts
or poor resolution, potentially affecting per-
formance. Third, the retrospective nature of
the study means the findings are based on
historical data, and real-time clinical valida-

tion is needed to confirm the model’s practi-
cal utility. Additionally, although ChatGPT-4V
showed improved diagnostic accuracy when
given clues, its performance in more com-
plex or subtle hemorrhage cases remains
uncertain, suggesting the need for further
refinement. Lastly, the lack of comparison
with other Al models or radiologists limits
the ability to fully assess ChatGPT’s relative
effectiveness in diagnosing intracranial hem-
orrhages.

In conclusion, while ChatGPT demon-
strates basic competence in identifying im-
aging modalities and limited ability in hem-
orrhage detection—particularly in HSVD-it is
not yet suitable for autonomous radiologic
interpretation. However, its interactive de-
sign and improved performance under guid-
ance suggest that LLMs may serve a valuable
supportive role in the future, particularly
when embedded within supervised or hy-
brid diagnostic systems.
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PURPOSE

To develop and validate a deep learning-based model utilizing lesion-specific segmentation to
determine the changed/unchanged status of consolidation and pleural effusion in paired chest
radiographs (CRs).

METHODS

The model was trained using 5.178 CRs from a single institution for lesion segmentation. Paired
CRs from the emergency department (ED) and intensive care unit (ICU) were used to determine
the thresholds for change and temporal validation. Model performance was evaluated through the
area under the receiver operating characteristic curve (AUC), and its accuracy was compared with
that of a thoracic radiologist.

RESULTS

In the ED, the model achieved AUCs of 0.988 and 0.883 for consolidation and pleural effusion, re-
spectively, with accuracies of 0.900 (36/40) and 0.825 (33/40). The radiologist showed accuracies of
0.975 (39/40) and 0.950 (38/40), respectively. In the ICU, model AUCs were 0.970 (consolidation) and
0.955 (pleural effusion), with accuracies of 0.875 (35/40) and 0.800 (32/40), respectively. Radiologist
performance was 0.975 (39/40) for consolidation and 1.000 (40/40) for pleural effusion. No signif-
icant accuracy differences were observed between the model and radiologist for consolidation in
the ICU or both targets in the ED (all P > 0.05), except for pleural effusion in the ICU (P = 0.01).

CONCLUSION
The lesion-specific deep learning model was feasible for identifying interval changes in consolida-
tion and pleural effusion on follow-up CRs.

CLINICAL SIGNIFICANCE
It could potentially be utilized for prioritizing interpretation, generating alerts, and extracting
time-series data from multiple follow-up CRs.

KEYWORDS
Radiography, thoracic, follow-up studies, diagnosis, computer-assisted, artificial intelligence, seg-
mentation

hest radiography is a widely used medical imaging modality due to its cost-effective-

ness and low radiation exposure. Chest radiographs (CRs) detect thoracic abnormalities

and track changes during follow-ups. Monitoring abnormalities such as pleural effusion
or consolidation is crucial for evaluating disease progression and treatment response.’* How-
ever, frequent follow-up CRs increase workload. For example, in intensive care units (ICUs), CR
is often performed daily for patients who are critically ill or after device adjustments, generat-
ing millions of ICU CRs annually in the United States.>® Consequently, the timely and accurate
interpretation of follow-up CRs is becoming more challenging.

You may cite this article as: Kim Y, Ahn Y, Lee SM, et al. Automated evaluation of pulmonary lesion changes on chest radiograph during follow-up using
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Since follow-up CRs primarily detect
changes between exams, analyzing CR pairs
rather than relying solely on single-image
abnormality detection is necessary. One
line of currently developed deep learning
methods detects overall changes using im-
age registration to identify all CR findings.”®
It operates independently of detectable
abnormality types and lesion-specific seg-
mentation performance. However, it lacks
information on which lesions have changed
and the nature of these changes, which are
essential in clinical practice. Furthermore, in
settings such as the ICU, where various med-
ical devices are attached, even simple reposi-
tioning, addition, or removal of a device may
be recorded as a change, making it difficult to
accurately determine whether a true change
has occurred in the finding of interest.

Some methods have targeted specific ab-
normalities. For example, Li et al.® compared
lung infiltration on serial CRs of patients with
Coronavirus Disase-19, Huang et al.’® quan-
tified pleural effusion severity on individual
CRs, and Lim et al."" estimated lung nodule
volume from serial CRs. Although these stud-
ies demonstrated the feasibility or potential
applicability of abnormality-specific moni-
toring, their scope was restricted to a single
lesion type. An alternative approach that en-
ables the simultaneous tracking of different
abnormalities is lesion segmentation. Singh
et al.’”? developed a deep learning algorithm
that segments specific abnormalities and de-
termines their changed/unchanged status
based on the persistence of segmentation
masks for lesions. The study reported an area
under the receiver operating characteristic
curve (AUC) of 0.758 for evaluating changes
in pulmonary opacities over follow-up CRs.
However, the algorithm was unable to deter-

* Using lesion-specific segmentation, a
deep-learning model determines consoli-
dation and pleural effusion changes in chest
radiographs (CRs) by assessing changes in
their extent.

* A deep-learning model achieved an area
under the curve of 0.970-0.988 for deter-
mining the changed/unchanged status of
consolidation and 0.883-0.955 for pleural
effusion in follow-up CRs from emergency
department and intensive care unit data-
sets.

* With a predefined threshold, the model
demonstrated an accuracy of 0.875-0.900
for changed/unchanged determination in
consolidation and 0.800-0.825 for pleural
effusion.

mine the changed/unchanged status when
their extent varied despite persistence. De-
spite its limitations, an algorithm that auton-
omously detects, segments, and assesses the
changed/unchanged status of various ab-
normalities based on the degree of observed
changes would be valuable.

Therefore, this study aims to develop a
deep learning-based classifier for determin-
ing changed/unchanged status in paired
CRs, using automatic lesion segmentation
and extent comparison for consolidation and
pleural effusion, and to validate its feasibility.

Methods

This retrospective study was approved by
the institutional review board of Asan Medi-
cal Center, which waived the requirement for
written informed consent (approval number:
2023-0810, date: 2023-07-01). Of the 5.178
CRs used for training, 4.593 were utilized in
a previous study to develop a model for de-
tecting five abnormalities.’* However, our
model is not related to the model from that
study.

Training and validation datasets

In the classifier pipeline, the training set
for abnormality segmentation was derived
from CRs of adult patients (=18 years) ob-
tained at a tertiary referral hospital between
January 2015 and December 2018 (Figure 1).
The training set consisted of three types: nor-
mal CR, abnormal CR (with consolidation or
pleural effusion), and CR with medical devic-
es (Appendix S1). Radiologist-labeled lesion
masks that had been developed and validat-
ed in the previous work were used.”®> How-
ever, the lesion segmentation algorithm,
the paired radiograph comparison, and the
change-detection framework were newly
developed in this study. During the training
process for the segmentation component of
the model, the training set was further divid-
ed into a 9:1 ratio for model development
and tuning.

After developing a lesion segmentation
algorithm, CRs obtained from the emergen-
cy department (ED) and ICU between Janu-
ary 2019 and December 2019 were collected
to determine the changed/unchanged clas-
sifier threshold. For each patient, one pair
of CRs was randomly selected while main-
taining the chronological order. The pairing
principle was applied regardless of the CR
projection type (posteroanterior or antero-
posterior). However, due to the nature of the
ED and ICU settings with patients who are
critically ill, most radiographs were antero-
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posterior. Two thoracic radiologists (BLIND-
ED and BLINDED, with 7 and 17 years of ex-
perience in thoracic imaging, respectively),
blinded to the radiologic report, interpreted
the changed/unchanged status, as well as
the presence of target abnormality (i.e., con-
solidation and pleural effusion), in queried
CR pairs in a random order until the target
number of each dataset was reached. Both
the changed/unchanged status and type of
abnormality were determined in consensus
by the two radiologists.

For temporal validation of the changed/
unchanged classifier, CRs obtained from
the ED and ICU between January 2020 and
December 2020 were collected, each con-
taining a single abnormality (consolidation
or pleural effusion). To compare the perfor-
mance between the model and radiologist,
another thoracic radiologist (BLINDED, with
27 years of experience in thoracic imaging)
independently reviewed the temporal vali-
dation set and determined the changed/un-
changed status. This review was conducted
blinded to the reference standard result but
with knowledge of the target abnormality
type (consolidation vs. pleural effusion).

Architecture of the lesion-specific classifier

Our model included two pipelines: 1) ab-
normality segmentation and 2) lesion area
quantification and decision-making within
pairs (Figure 2). First, the nnU-Net, a U-Net-
based medical segmentation model known
for its robust and high performance, served
as the base model. Its structure and training
options were modified for enhanced pulmo-
nary lesion segmentation performance.” To
improve the model’s generalization ability, a
multi-task learning (MTL) approach that jointly
performs segmentation and classification was
adopted, thereby improving the model’s capa-
bility to differentiate between lesions in simi-
lar anatomical locations and medical devices
and reducing potential segmentation errors.
Two auxiliary classifiers were incorporated at
the nnU-Net bottleneck for MTL: one for lesion
presence classification and the other for lesion
type classification (Appendix S2). The mod-
ified nnU-Net was trained for 1,000 epochs
using 5-fold cross-validation, and the final le-
sion segmentation masks were generated by
ensembling the inferred masks from each fold.

In the changed/unchanged classifier,
lesion areas in each generated mask were
quantified by multiplying the number of pix-
els in each lesion class by the pixel spacing
of the corresponding CR. Changes in lesion
quantities were calculated as the absolute
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Training set

CR obtained from all department
between Jan. 2015 and Dec. 2018

| 1700 normal CR | | 2643 abnormal CR | | 585 device CR*

1420 consolidation | | 1223 pleural effusion

Validation & Temporally separated sets

CR obtained from ICU
between Jan. 2019 and Dec. 2020

fssseeesess Exclusion
No follow-up CR (n=33267)

| 190153 CR from 3699 adult patients |

l

| 3699 CR pairs |

|+——— Selected in random order
Radiologists’ annotation

I |

CR obtained from ED
between Jan. 2019 and Dec. 2020

presseeneeer Exclusion
No follow-up CR (n=14468)

| 62214 CR from 31846 adult patients ‘

l

| 31846 CR pairs

|+—— Selected in random order
Radiologists’ annotation

l |

Consolidation Pleural effusion

Validation (2019) Validation (2019)
+ 20 changed pair 20 changed pair
+ 20 unchanged pair 20 unchanged pair

Temporally separated test (2020)
* 20 changed pair
* 20 unchanged pair

Temporally separated test (2020)
20 changed pair
20 unchanged pair

Consolidation Pleural effusion
Validation (2019) Validation (2019)

20 changed pair 20 changed pair
10 unchanged pair 10 unchanged pair

Temporally separated test (2020)
20 changed pair
20 unchanged pair

Temporally separated test (2020)
20 changed pair
20 unchanged pair

Figure 1. Flowchart illustrating dataset inclusion. *CRs containing medical devices include endotracheal tubes, drainage catheters, central lines, peripherally
inserted central catheters, nasogastric tubes, chemoports, and electrocardiogram leads. CR, chest radiograph; ED, emergency department; ICU, intensive care unit.
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Figure 2. Schematic illustrating the model workflow. The process includes three stages: preprocessing (image normalization and augmentation), lesion
segmentation (using a modified nnU-Net with auxiliary classifiers to generate lesion masks), and lesion change assessment (quantifying lesion changes to classify

them as changed or unchanged).

difference in quantified lesion areas divided
by the larger of the two values to determine
the relative change. The tuning set was used
to optimize the threshold for changed/un-
changed decision-making (Appendix S3).
The calculated ratio was then used to classify
each paired image as changed/unchanged
based on a predefined threshold (Supple-
mentary Figure 1).

|Qottowup = Qbasetine|

> threshold : "changed"
“‘ax(ofollawup » anseh‘ne)

else : "unchanged"

Model training was done using the Py-
torch framework and NVIDIA NVIDIA TITAN
RTX 24GB GPU (NVIDIA Corporation, Santa
Clara, CA, USA). The code for the model ar-
chitecture is available on GitHub (https://
github.com/ provbs/CR_DL_FU/).

Statistical analysis

The segmentation performance of the
model for consolidation and pleural effu-
sion was evaluated using Dice scores. T-tests
were conducted to compare models, and P
values were calculated for their differences.
The performance of the model in classify-
ing changed/unchanged was evaluated us-
ing the radiologists’ results as the reference
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standard. The AUC was calculated, and the
optimal threshold was determined using
the Youden index based on the tuning set
results. The accuracy, sensitivity, specificity,
positive predictive value, negative predic-
tive value, and F1 score of the temporal val-
idation set were then calculated using the
predetermined threshold. The model and ra-
diologist accuracy were compared using the
McNemar test. All statistical analyses were
conducted using R version 4.3.1 (R Founda-
tion for Statistical Computing).

Results

Dataset characteristics

The training dataset consisted of 1.700
normal CRs, 1.223 with pleural effusion,
1.420 with consolidation, and 585 with med-
ical devices. For the changed/unchanged
classifier tuning and temporal validation,
3.699 CR pairs from the ICU and 31.846 from
the ED were generated after excluding single
CRs without follow-up.

In the ED dataset, 30 pleural effusion pairs
(20 changed, 10 unchanged) and 30 consol-
idation pairs (20 changed, 10 unchanged)
from 2019 were included for the changed/
unchanged classifier tuning. For tempo-
ral validation, 40 pleural effusion pairs (20
changed, 20 unchanged) and 40 consolida-
tion pairs (20 changed, 20 unchanged) from
2019 were selected. In the ICU dataset, 40
pleural effusion pairs (20 changed, 20 un-
changed) and 40 consolidation pairs (20
changed, 20 unchanged) from 2019 were
used for the changed/unchanged classifier
tuning, whereas the same numbers of pleu-
ral effusion and consolidation pairs from
2020 were used for temporal validation.

The median interval between CR pairs
was 10 days (interquartile range: 1-100 days)
in the tuning set and 15 days (interquartile
range: 1-72 days) in the temporal validation
set.Table 1 shows the demographics in detail.

Performance of lesion segmentation

The nnU-Net with MTL (using two auxilia-
ry classifiers) and medical equipment masks
in the training dataset was the best-perform-
ing segmentation model, with Dice scores
of 0.848 for pleural effusion and 0.841 for
consolidation (Table 2 and Supplementary
Figure 2).

Incorporating medical equipment labels
during training enhanced the Dice score for
consolidation by approximately 0.044, al-
though it decreased that for pleural effusion
by 0.043, resulting in no major change in the
average Dice score. Nevertheless, the quali-
tative results showed that the model trained
with medical equipment labelling consid-
erably reduced misclassification of medical
equipment as lesions, a critical distinction in
ICU and ED settings. Furthermore, integrat-
ing MTL and medical equipment labels im-
proved the average Dice score by 0.015, re-
ducing the difference between lesion types

Consolidation

Pleural Effusion

Original

Input + Mask

and achieving a more balanced performance
(Figure 3).

Performance of lesion-specific change de-
tection

In the tuning set, the AUCs of the model
were 0.747 for consolidation and 0.850 for
pleural effusion in the ED, and 0.980 for con-
solidation and 0.800 for pleural effusion in
the ICU (Supplementary Figure 3). To account
for different clinical settings, thresholds were
determined separately for the ED and ICU.
The optimal thresholds derived from the
tuning set were 0.26 for consolidation and
0.29 for pleural effusion in the ED and 0.40 for
consolidation and 0.55 for pleural effusion in
the ICU.

In the temporal validation set, the AUCs of
the model were 0.988 for consolidation and
0.883 for pleural effusion in the ED and 0.970
for consolidation and 0.955 for pleural effu-
sion in the ICU (Figure 4). The AUC for consol-

Original
Input

+ Mask

Figure 3. Lesion segmentation results using the best-performing model. The first column shows the original
images, and the second column shows the model output in the emergency department (ED) and intensive
care unit (ICU). Yellow indicates consolidation, and sky blue indicates pleural effusion.

Table 1. Baseline characteristics for the tuning and temporal validation sets

Tuning set Temporal validation set
Characteristics ED ICU ED ICU
Number of patients 80 60 80 80
Age, years® 66.8+13.7 64.4+13.6 720+ 14.2 613+12.6
Sex
Male 49 (61.2%) 29 (48.3%) 50 (62.5%) 51 (63.8%)
Female 31 (38.8%) 31 (51.7%) 30 (37.5%) 29 (36.2%)
Interval between baseline and follow-up CRP 4.0(1.0,84.5) 23.0 (5.5, 156.5) 13.5(1.0, 124.0) 15.5 (3.5, 44.0)

2Data are mean * standard deviation.

"Data are median with interquartile range in parentheses.

CR, chest radiograph; ED, emergency department; ICU, intensive care unit.
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idation was similar between the ED and ICU,
whereas the AUC for pleural effusion in the
ED was slightly lower than that in the ICU.

Comparisons between the model and the
thoracic radiologist

In the ED, the model achieved an accuracy
of 0.900 (36/40) for consolidation, with a sen-
sitivity of 1.000 for “changed” and a specificity
of 0.800 for “unchanged.” For pleural effusion,
the accuracy was 0.825 (33/40), with a sensi-
tivity of 0.850 and specificity of 0.800 (Figure
5). The accuracy of the thoracic radiologist
was 0.975 (39/40) for consolidation and 0.950
(38/40) for pleural effusion (Table 3).

In the ICU, the model achieved an accu-
racy of 0.875 (35/40) for consolidation, with
a sensitivity of 0.900 for “changed” and a
specificity of 0.850 for “unchanged.” For pleu-
ral effusion, the accuracy of the model was
0.800 (32/40), with a sensitivity of 0.600 and
specificity of 1.000 (Supplementary Figures 4
and 5). The accuracy of the thoracic radiolo-
gist was 0.975 (39/40) for consolidation and
1.000 (40/40) for pleural effusion (Table 3
and Supplementary Figure 5).

When comparing the accuracy of the
model and the thoracic radiologist, no signif-
icant difference was found for consolidation
in the ED [0.900 (36/40) vs. 0.975 (39/40), P
= 0.371], pleural effusion in the ED [0.825
(33/40) vs. 0.950 (38/40), P = 0.182], and con-
solidation in the ICU [0.875 (35/40) vs. 0.975
(39/40), P = 0.221]. However, for pleural effu-
sion in the ICU, the radiologist outperformed
the model [1.000 (40/40) vs. 0.800 (32/40), P
=0.013] (Supplementary Figure 6).

Discussion

Multiple CRs for follow-up are common
in clinical practice. However, current inter-
pretation techniques are largely limited to
single images, and automated methods for
follow-up CR analysis remain underdevel-
oped. In this study, we developed and vali-
dated a deep-learning model for assessing
the changed/unchanged status through
lesion-specific segmentation. In validation
within the ED and ICU settings, the model
classified the changed/unchanged status
with an accuracy of 0.875-0.900 for consoli-
dation and 0.800-0.825 for pleural effusion,

Table 2. Comparison of lesion segmentation performance across different training settings

comparable to that of the radiologist, except
for pleural effusion in the ICU.

Interpreting follow-up CRs poses chal-
lenges for both radiologists and deep-learn-
ing algorithms due to changes in the tho-
racic cage caused by variations in posture
or inspiration status, as well as background
changes such as alterations in medical de-
vices. Consequently, few studies focus on
the automated interpretation of CR pairs.”#'?
The approach of determining changes or no
changes in the overall image landscape can
help prioritize worklists and improve work-
flow efficiency,’® although it lacks details on
the specific objects involved or the extent of
the changes. Unlike previous approaches, we
aimed to develop a model that identifies spe-
cific abnormal changes. Lesion-specific inter-
pretation is straightforward and enables the
detection of clinically relevant changes, such
as consolidation increases in patients with
pneumonia. With further refinement, it could
become a component of an autonomous re-
porting system. To achieve this, we focused
on two major abnormalities—consolidation
and pleural effusion—that are commonly
monitored for treatment response. These
abnormalities were tested in the ED and ICU
settings, where they are more prevalent and

Dice score . . . L.
dynamic than in outpatient clinics or general
Learning method Consolidation  Pleural Average wards.
effusion
nnU-Net (without device labels) 0.821° 0.838 0.830 Our model achieved an AUC of 0.883-
nnU-Net (with device labels) 0.866" 0794 0.830 0.988, outperforming a previous study (AUC:
i ) 0.687 for pulmonary opacity changes and
nnU-Net + MTL (with device labels) 0.841 0.848 0.845 0.782 for pleural effusion changes) that de-
*P < 0.10, **P < 0.05, ***P < 0.001. MTL, multi-task learning. termined Changed/u nchanged status sole-
Table 3. Evaluation metrics assessed on the temporal validation set
Evaluator Lesion type AUC Accuracy Sensitivity Specificity PPV NPV F1 score
ED
. 0.988 0.900 (36/40) 1.000 (20/20) 0.800 (16/20) 0.833 (20/24)  1.000 (16/16)
odel Consolidation [0.968,1.000] [0.763,0972]  [0.832,1.000]  [0.563,0943]  [0.626,0953] [0.794,1.000] °20°
ode
Al cfisiem 0.883 0.825 (33/40) 0.850(17/20) 0.800 (16/20) 0.810(17/21) 0.842(16/19) 0.829
[0.800, 0.993] [0.672,0.927] [0.621,0.968] [0.563,0.943] [0.581,0.946] [0.604, 0.966] ’
. 0.975 (39/40) 1.000 (20/20) 0.950 (19/20) 0.952 (20/21)  1.000 (19/19)
ot Consolidation - [0.868,0999]  [0.832,1.000]  [0.751,0999]  [0.762,0.999] [0.824,1.000] °*°'°
adiologist
g Pleural effusion _ 0.950 (38/40) 0.950 (19/20) 0.950 (19/20) 0.950 (19/20)  0.950 (19/20) 0950
[0.831,0.994] [0.751,0.999] [0.751,0.999] [0.751,0.999] [0.751, 0.999] ’
ICU
Consolidation 0.970 0.875 (35/40) 0.900 (18/20) 0.850 (17/20) 0.857 (18/21)  0.895(17/19) 0878
Model [0.931, 1.000] [0.732,0.958] [0.683, 0.988] [0.621, 0.968] [0.637,0.970] [0.669, 0.987] ’
ode
Pleural effusion 0.955 0.800 (32/40) 0.600 (12/20) 1.000 (20/20) 1.000 (12/12)  0.714(20/28) 0750
[0.908, 1.000] [0.644, 0.909] [0.361, 0.809] [0.832, 1.000] [0.735,1.000] [0.513, 0.868] ’
P 0.975 (39/40) 1.000 (20/20) 0.950 (19/20) 0.952 (20/21)  1.000 (19/19)
oo Consolidation [0.868,0999]  [0.832,10001  [0.751,0999]  [0.762,0999] [0824,1.000] °°7°
adiologist
Pleural effusion _ 1.000 (40/40) 1.000 (20/20) 1.000 (20/20) 1.000 (20/20)  1.000 (20/20) 1.000

[0.912, 1.000] [0.832, 1.000]

[0.832, 1.000]

[0.832,1.000] [0.832,1.000]

Data in the parentheses are the number of CR pairs. AUC, area under curve; ED, emergency department; ICU, intensive care unit; NPV, negative predictive value; PPV, positive

predictive value.
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ly based on lesion persistence.” It was also
similar to prior non-lesion-specific models,
which have AUCs of 0.800-0.858.78 This per-
formance may be due to the accurate lesion
segmentation of our model, achieving a Dice
score of up to 0.845 in the training set, and its

reduced misclassification of medical devices
as lesions. Singh et al.’? reported that the
mis-segmentation of medical devices as pul-
monary opacities is a challenge. To address
this, we specifically trained our model on CRs
with medical devices, ensuring robust per-
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Figure 4.ROC curvesillustrating algorithm performance for each department and lesion type in the temporal
validation set. The shaded areas represent the area under the ROC curves. ED, emergency department; ICU,
intensive care unit; ROC, receiver operating characteristic.

b

formance in the ICU and ED settings where
they are almost always present.

The accuracy of our model was similar
to that of the radiologist for consolidation
in the ICU and ED and for pleural effusion
in the ED, though slightly lower. The deci-
sion of the radiologist on whether a condi-
tion had changed or remained unchanged
closely aligns with the reference standard.
Although consolidation and pleural effusion
are typically assessed qualitatively in routine
practice, the threshold of readers may be in-
terchangeable. Our model showed consider-
ably lower performance than that of the ra-
diologist for pleural effusion in the ICU. This
may be related to the position of the patient
in the ICU. In patients in the supine position,
both consolidation and pleural effusion
can appear as diffusely increased opacity,
making differentiation difficult. Pleural fluid
tends to spread under gravity, making the
margins of effusion indistinct. Radiologists
also assess changes in pleural effusion while
considering positional changes, which may
be challenging for our model. Notably, all
incorrect ICU pleural effusion classifications
occurred in “changed” cases, whereas the
model correctly identified all stable cases.
We therefore consider that the model can

ICU

Figure 5. Examples of determining changed/unchanged status in the emergency department (ED) and intensive care unit (ICU). (a, b) In the ED, a right pleural
effusion increased between baseline (a) and follow-up chest radiograph (CR) (b). The model detected and segmented the effusion (sky-blue areas) and classified
it as changed. The pixel difference was 19.299 (75% ratio). (c, d) In the ICU, patchy consolidation in both lower lobes (arrows) remained unchanged between
baseline (c) and follow-up CR (d), matching the reference standard. The model segmented the consolidation (yellow areas) and classified it as unchanged. The pixel

difference was —2.253 (36.9% ratio).
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adequately triage stable pleural effusion,
but reduced sensitivity in supine patients
remains an important limitation that war-
rants further refinement. In addition, the
limited size of the tuning set (40 pairs) may
have led to overfitting of the threshold for
pleural effusion, contributing to skewed re-
sults. Although this should be addressed in
future studies, our findings provide proof of
concept for the feasibility of lesion-specific
segmentation in change status detection.

Unlike preexisting non-lesion-specific
models, which primarily filter grossly stable
CR pairs, our lesion-specific model offers
dual functionality. It can inform and prioritize
changes for physician review while simulta-
neously filtering stable cases. Previous ap-
proaches based on registration and subtrac-
tion within pairs are limited compared with a
segmentation-based method, which has the
potential to be applied to multiple CRs in lon-
gitudinal follow-up, enabling the extraction
of lesion extent as time-series data with
quantification. Recent advances in language
models have enabled training on large-scale,
weakly labeled data for multi-label, multi-
class change detection and even automated
report generation.''¢ In contrast, our model
leverages radiologist-provided hard label-
ing, which ensures disease-specific accura-
cy and offers interpretable, intuitive visual
explanations of the degree of change. These
strengths may provide potential applicabili-
ty, working synergistically with text genera-
tion models as part of automated reporting
systems. However, our model is currently lim-
ited to two abnormalities: consolidation and
pleural effusion. Expanding its capabilities
to include other major abnormalities, such
as nodules or interstitial opacities, may be a
valuable next step. Furthermore, improving
lesion segmentation and consideration of
position change are warranted.

Our study has some limitations. First, as
a single-center retrospective study, it may
have selection bias and limited generalizabil-
ity. Second, the experiment was conducted
using datasets from the same institution.
Although the datasets do not overlap, true
external validation was not performed. Third,
the tuning and temporal validation sets
were relatively small. Since our model was
designed specifically for consolidation and
pleural effusion, only patients with at least

one of these abnormalities were eligible.
This may contribute to the performance dif-
ferences between the tuning and temporal
validation sets. Further validation in a larger
population is necessary.

In conclusion, lesion-specific segmenta-
tion enables the deep-learning-based mod-
el to determine the changed/unchanged
status of consolidation and pleural effusion
based on changes in their extent.
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Appendix S1. Medical equipment data in
final segmentation training

Using the 4.593 chest radiographs (CRs) of
general patients, we trained a nnU-Net mod-
el with default settings for lesion segmenta-
tion. The training was conducted for 1.000
epochs using the Pytorch framework on an
NVIDIA TITAN RTX 24GB GPU. The 250 imag-
es from the additional CR dataset, containing
only labeled medical devices from patients in
the intensive care unit (ICU), were then pro-
cessed using the trained segmentation mod-
el. This inference generated 250 CR images
with both pulmonary lesions and medical
devices altogether.

We did not evaluate or optimize the le-
sion segmentation performance specifically
for this 250 CR dataset, as it represents a rela-
tively small proportion of the entire training
dataset in terms of lesion data. Its primary
purpose is to provide the final model with
explicit information on medical devices rath-
er than lesion-related information.

By including this dataset in our final train-
ing dataset, we aimed to enable the model
to semantically learn to better differenti-
ate medical equipment from lesions in ICU
and emergency department (ED) datasets,
thereby reducing the misclassification of
medical devices as lesions, resulting in bet-
ter segmentation performance in general. As
shown in Table 1, this additional dataset con-
tributed to improving the performances of
our final segmentation model by addressing
this challenge effectively.

Appendix S2. Details of the segmentation
model

Input preprocessing

The CRs in the training/tuning/temporal
validation datasets were all preprocessed
with the following steps: Firstly, intensi-

ty-based clipping was implemented, where
the top and bottom 0.5% of pixel intensities
were clipped. This was done to mitigate the
influence of high-intensity outliers, such as
L&R markers or other unexpected artifacts
on the CR. Secondly, min-max normalization
was conducted to scale pixel values of the
images within the range of 0-1. Both steps
were done to ensure consistency and facili-
tated convergence during the segmentation
model training explained after. Other prepro-
cessing and augmentations were conducted
in accordance with the nnU-Net methodol-
ogy, accounting for median shape, distribu-
tion of spacings, intensity distribution, and
image modality within the training dataset.

Model structure and training details

The model employed in this study is a
modified nnU-Net with two auxiliary clas-
sifiers incorporated between the encoder
and segmentation decoder. The auxiliary
classifiers used here are quite simple: two
fully connected layers with a RelLu activa-
tion in between. These auxiliary classifiers
are intended to enable the shared encoder
to progressively focus on features related to
lesion type and presence during its training,
thereby passing more pertinent information
to the segmentation decoder. The total loss
was calculated as the sum of the original
nnU-Net segmentation loss and the losses
from the auxiliary classifiers, lesion presence
and lesion type classifier, as follows:

L..=L.+(L ) (1)

total seg Iesion,presence+ lesion_type’

Severe augmentations, including Gauss-
ian noise and Gaussian blur transformations,
were adopted to enhance segmentation per-
formance on the noisier ICU/ED CRs.

During inference, we excluded regions
with fewer than 50 pixels in the predicted
mask to eliminate insignificant noise, as
most mask sizes exceed 2000 x 2000 pixels,

» November 2025 - Diagnostic and Interventional Radiology

with some surpassing 3000 pixels on one
side. This threshold was chosen based on the
observation that smaller regions often rep-
resent false positives or artifacts rather than
meaningful predictions.

Appendix S3. Optimal threshold determi-
nation for assessment decision-making

To select the optimal threshold, we em-
ployed Youden’s J statistic, which measures
the effectiveness of a threshold in terms
of maximizing the true positive rate while
minimizing the false positive rate. For each
threshold t, where t, increases by 0.01 from
0.00 to 1.00, the true positive ratio (TPR) and
false positive ratio (FPR) can be computed,
and the value of J at t is calculated as:

J(t) = TPR(t) - FPR(t) (2)

The optimal threshold can be determined
by identifying the highest value of J, repre-
senting the most balanced threshold be-
tween sensitivity and specificity:

t =argmax, J (t) (3)

optimal

If multiple values of toptimal exist, we select-
ed the lowest threshold value to increase
sensitivity and reduce the chance of false

negatives:

b oected = min(tomimal’i), fori=1,2..,n (4)

This approach minimizes the misclassifi-
cation of true positives as negatives, which is
crucial in settings such as the ICU/ED, where
timely intervention is essential. We have in-
ferenced the tuning set using the trained
segmentation model and then calculated
the optimal threshold accordingly.

Kim et al.



Supplementary Figures
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Supplementary Figure 1. Determination of unchanged/changed in the ED and ICU. The yellow area
represents consolidation, while the sky-blue area indicates pleural effusion. ED, emergency department;
ICU, intensive care unit.

Input image

a
nnU-Net nnU-Net nnU-Net + MTL
Ground truth mask (without device labels) (with device labels) (with device labels)
b d
Dice for Consolidation : 0.6397 0.6745 0.7710
Dice for Pleural effusion : 0.6866 0.6777 0.7361

Supplementary Figure 2. Segmentation results across models with various training settings. (a) Original input image. (b) The ground-truth mask by a thoracic
radiologist. The red area represents a consolidation, while the green area indicates pleural effusion. (c) Segmentation results from three different settings. The
yellow area represents consolidation, while the sky-blue area indicates pleural effusion. Green areas represent the segmentation of medical devices. The Dice
score was calculated for each abnormality. MTL, multi-task learning.
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Supplementary Figure 3. Receiver operating characteristic (ROC) curves show the performance of the
algorithm for each department and the abnormality lesion in the tuning set. Area means the area under the
ROC curves. ED, emergency department; ICU, intensive care unit.

a b

Supplementary Figure 4. Example of failure in detecting “changed” in pleural effusion in the intensive
care unit. (a) Baseline chest radiograph (CR) obtained in a semi-supine position showed no clear fluid level,
but the model segmented increased opacity along both hemidiaphragms as pleural effusion (sky-blue
areas). The presence of true effusion could not be confirmed on CR alone. (b) In the follow-up CR acquired
in an upright position, overt right pleural effusion (arrows) was evident and correctly segmented by the
model (sky-blue areas). The radiologist interpreted this case as “changed,’ whereas the model classified it as
“unchanged”
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Supplementary Figure 5. Example of failure in detecting “unchanged” pleural effusion in the intensive care
unit. () Baseline chest radiograph (CR) and (b) follow-up CR obtained in the supine position both showed
diffuse left pleural effusion opacifying the left hemithorax. Due to slight rightward rotation on the baseline
CR, the segmented area for pleural effusion (sky-blue areas) appeared smaller, leading the model to classify
the case as “changed,’ whereas the radiologist interpreted it as “unchanged.”
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Supplementary Figure 6. Comparisons between the model and radiologist in assessing change/unchanged
status of consolidation or pleural effusion. (a) for consolidation in the emergency department (ED), (b) for
effusion in the ED, (c) for consolidation in the intensive care unit (ICU), and (d) for effusion in the ICU. P values
were calculated using the McNemar test to compare accuracy.
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New lens on breast health: harnessing high-b-value synthetic diffusion-
weighted imaging for breast lesion characterization

Serap Karabiyik!

Saime Ramadan? PURPOSE

Emil Settarzade3 This study aims to evaluate the diagnostic efficacy of synthetic diffusion-weighted imaging (sDWI)
Ali llker Eiliz4 at various high b-values in distinguishing malignant from benign breast lesions and to compare its

performance with that of conventional DWI (cDWI).

Hatice Ozturkmen Akay?

METHODS
) After the exclusion of 22 lesions, 63 women (age range, 24-99 years; mean age, 53.7 + 15.1 years)
listanbul Training and Research Hospital, Clinic of with 68 suspicious breast lesions on ultrasound who underwent multiparametric breast magnetic
Radiology, Istanbul, Turkiye resonance imaging before biopsy between January 2021 and April 2023 were included in this retro-
2Baskent University Istanbul Hospital, Department of spective study. According to the pathological results, lesions were classified as malignant or benign.
Pathology, istanbul, Tiirkiye Volumetric mask images were defined. The lesion signal/normal breast signal ratio [relative signal

intensity (rSI)] was measured on different diffusion-weighted images (cDWI at b = 800 and 1500 s/

37oll Ib Klinikum, Radiologie Abteilung, Bali 3
orerna inikum, Radiologie Abteflung, Balingen mm?; sDWI at b = 1500-5000 s/mm?), and lesion SI on apparent diffusion coefficient (ADC) 0-800

German

Y and ADCO-1500 maps (mADC) was calculated. The diagnostic performances of these parameters
4Baskent University Istanbu.I' H9spltal, Department of were evaluated using a receiver operating characteristic curve analysis and the DeLong test in both
General Surgery, Istanbul, Turkiye the mass and non-mass lesion groups.
S5Baskent University Istanbul Hospital, Department of
Radiology, istanbul, Tiirkiye RESULTS

A total of 32 (47.06%) benign and 36 (52.94%) malignant lesions were identified. Malignant le-
sions exhibited significantly higher rSI values on cDWI800, cDWI1500, sDWI1500, sDWI2000,
and sDWI3000 (P values: <0.001, <0.001, <0.001, <0.001, <0.001, 0.03) and lower mADC800 and
mADC1500 values (P values: 0.01 and 0.03). In mass lesions, synthetic b1500 and convention-
al b1500 demonstrated diagnostic accuracy comparable with that of routine mADC800 and
mADC1500. However, in non-mass lesions, high-b-value DWI maps (b = 2000 s/mm?) significantly
outperformed mADC and cDWI in differentiating malignant from benign lesions. The highest di-
agnostic accuracy in non-mass lesions was observed with rSIC4000 [area under the curve (AUC) =
0.871, whereas in mass lesions, rSIC1500 exhibited the highest diagnostic performance (AUC = 0.79).

CONCLUSION

The optimal b-value for DWI differs between mass and non-mass breast lesions, emphasizing the
need for separate evaluation protocols. Although high-b-value sDWI provides limited added diag-
nostic value in mass lesions, it significantly improves malignancy detection in non-mass lesions,
outperforming cDWI and ADC mapping.

CLINICAL SIGNIFICANCE
This study underscores the need for a tailored DWI protocol for optimal breast lesion characteriza-
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agnetic resonance imaging (MRI)
Mis an imaging modality with high

sensitivity, frequently used in breast
imaging.' Diffusion-weighted imaging (DWI)
is routinely added to protocols worldwide.?
The addition of DWI to dynamic contrast-en-
hanced MRI (DCE-MRI) has been shown to
improve the differentiation between malig-
nant and benign breast lesions, thereby in-
creasing specificity.>* However, the optimal
b-values for DWI and the appropriate num-
ber of b-values to acquire remain subjects
of debate.>” At low b-values, benign lesion
signals cannot be sufficiently suppressed,
whereas at high b-values, the signal-to-noise
ratio (SNR) decreases. Taking both images
simultaneously increases the acquisition
time.®'® The European Society of Breast Im-
aging recommends acquiring at least two
b-values for breast DWI: a low b-value (0-50
s/mm?) and a high b-value (800 s/mm?). The
selection of 800 s/mm? as the high b-value
represents a balanced compromise, ensuring
standardized imaging quality while main-
taining sufficient SNR and diagnostic accu-
racy.® Meanwhile, the Quantitative Imaging
Biomarkers Alliance (QIBA) suggests acquir-
ing a minimum of two b-values: a low b-val-
ue (0-50 s/mm3), an intermediate b-value
(~100 s/mm?), and a high b-value (600-800
s/mm?). The QIBA emphasizes the inclusion
of an intermediate b-value to enhance the
precision of ADC measurements."

Synthetic DWI (sDWI) is derived from con-
ventional DWI (cDWI) directly acquired using
at least two distinct b-values. It has the po-
tential to address the limitations of cDWI by
effectively suppressing background signal
at very high b-values, all without the need
for additional scanning time.'®'2 There are
numerous studies on sDWI conducted on
other organs, such as the liver and prostate.

* The optimal b-value for diffusion-weighted
imaging (DWI) differs between mass and
non-mass breast lesions.

* High-b-value synthetic DWI (b = 2000 s/
mm?) demonstrated superior diagnostic
performance in non-mass breast lesions
compared with conventional apparent dif-
fusion coefficient (ADC) maps and DWI (b
= 800 s/mm?), whereas in mass lesions, it
offered no diagnostic advantage over con-
ventional DWI and ADC mapping.

* There is a need for tailored DWI protocols
for mass and non-mass lesions to optimize
breast cancer detection and lesion charac-
terization.

However, a limited number of studies have
investigated the diagnostic performance of
sDWI.>1275

The diagnostic utility of DWI in non-mass
lesions is more variable, as non-mass en-
hancement often exhibits overlapping ADC
values between benign and malignant cases,
reducing specificity.'®'” Consequently, opti-
mizing DWI protocols, including the selec-
tion of appropriate b-values and synthetic
imaging techniques, is essential for improv-
ing lesion differentiation, with a particular
focus on the mass or non-mass features of
the lesions.

Therefore, the present study aims to in-
vestigate the diagnostic efficacy of sDWI
with different high b-values for differenti-
ating malignant breast lesions from benign
ones and compare it with cDWI.

Methods

Study population and magnetic resonance
imaging protocol

This single-center retrospective study was
approved by the institutional review board
(project no.: KA23/73) on March 2, 2023,
and was conducted in compliance with the
Health Insurance Portability and Account-

ability Act. Informed consent was waived
due to the retrospective nature of the study.

Eighty-five women with 90 suspicious
mass and non-mass breast lesions (Breast
Imaging Reporting and Data System 4A-5)
who underwent tru-cut biopsies between
January 2021 and April 2023 were retrospec-
tively evaluated. The patients underwent
breast MRI either 1 month before or after the
biopsy procedure. Indications for breast MRI
included preoperative staging, high-risk pa-
tient screening, or equivocal mammogram
and ultrasound results. After excluding 22
lesions, 68 consecutive suspicious lesions in
63 patients (age range: 24-99 years; mean
age: 53.7 £ 15.1 years) were included in the
study (Figure 1). The lesions were classified as
malignant or benign based on pathological
results from tru-cut or excisional biopsy.

All MRIs were performed in the prone po-
sition using a 4-channel breast coil on a 1.5T
MRI scanner (MAGNETOM Avanto, Siemens
Healthcare, Erlangen, Germany). As part of
the routine clinical protocol, the following
sequences were acquired: axial turbo spin-
echo T1, turbo inversion recovery magni-
tude, and DCE-MRI (3D fat-saturated gradi-
ent-echo axial sequence) after intravenous
injection of 0.2 mL/kg gadoterate meglu-
mine (Dotarem).

85 patients with 90 suspicious breast lesions (5 patients had 2 different suspicious lesions)
who underwent breast MRI and had biopsy

NS

9 MRI-undetectable lesions (either in DCE or DWI) were excluded

NS

5 lesions were exluded because of inadequate image quality

8 lesions of unknown malignant potential (B3 lesions) without excisional biopsy results

(flat epithelial atypia, atypical ductal hyperplasia, lobular neoplasia, radial scars, and
papillary lesions)

were excluded

NS

68 suspicious breast lesions
in 63 patients
were finally included in the study

Figure 1. Flowchart of the patient inclusion and exclusion criteria. MRI, magnetic resonance imaging; DCE,
dynamic contrast-enhanced; DWI, diffusion-weighted imaging.
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Conventional and  synthetic  diffu-
sion-weighted imaging and image analysis

DWI was acquired using spin-echo
echo-planar imaging with spectral attenu-
ated inversion recovery fat suppression and
b-values of 0, 100, 800, and 1500 s/mm? (rep-
etition time/echo time: 7,400/78 ms; slice
thickness: 4 mm; number of excitations: 5;
matrix size: 63 x 164; field of view: 340 x 390
mm; acquisition time: 6 minutes 32 seconds).

All DWI images were converted from DI-
COM format using the dcm2niix (Rorden,
2021). Noise was removed using the “dwide-
noise” command in the MRtrix utility. Images
with b-values of 0, 100, 800, and 1500 s/mm?
were extracted using fslroi. Synthetic images
with calculated b-values of 1500, 2000, 3000,
4000, and 5000 s/mm? were created using a
monoexponential decay model via FSL 6.0.5
(FMRIB Software Library)."”® Apparent diffu-
sion coefficient maps (mMADC) were also cre-
ated with the same software.

A radiologist with 4 years of experience
in breast radiology manually segmented the
lesions on each slice of b = 0 DWI images,
with the aid of DCE-MRI, avoiding necrotic,
hemorrhagic, or cystic components using
ITK-SNAP software (developed by the Penn
Image Computing and Science Laboratory,
University of Pennsylvania).” For multifocal
or multicentric tumors, only the index lesion
was segmented. Volumetric mask images of
the lesion and contralateral normal breast
fibroglandular tissue were generated using
the volume of interest (VOI) method based
on b = 0 images and DCE with ITKs-SNAP
(Figure 2). The VOI of the contralateral nor-
mal breast was carefully selected to minimize
fatty tissue inclusion and match the volume
of the mass lesion as closely as possible.

The average Sl in the segmented lesion
and contralateral normal breast was auto-
matically calculated for each sDWI and cDWI
image and mADC using “fsimaths.” relative
signal intensity (rSl) for each DWI was calcu-
lated as follows:

(mean Sl of lesion)

rSl =
(mean Sl of contralateral normal breast)

Both rSl values for different DWI maps
and the mean Sl for different mADC were
analyzed.

Statistical analysis

The mean and standard deviation were
calculated for each ¢cDWI and sDWI in both

benign and malignant lesions, as well as in
mass and non-mass subgroups. Based on
the normality of the data, the Kolmogorov-
Smirnov test was performed, followed by
independent samples t-tests or Mann-Whit-
ney U tests for between-group comparisons.
Using receiver operating characteristic (ROC)
curve analysis, the diagnostic efficacy of
these values in malignant and benign lesions
was evaluated. The DelLong test was used to
assess whether sDWI images exhibited diag-
nostic superiority over cDWI and convention-
al mADC. Statistical analysis were performed
using SPSS 22.0 and RStudio.

Results

The mean tumor size was 17.54 + 5.23
mm (range: 6-80 mm). A total of 32 (47.06%)
benign and 36 (52.94%) malignant lesions
were identified. The characteristics of the tu-
mors and patients are summarized in Table 1.

Malignant lesions exhibited significant-
ly higher rSI values in cDWI800, cDWI1500,
sDWI1500, sDWI2000, and sDWI3000 imag-
es and lower ADC800 and ADC1500 values
(Table 2). Among the evaluated parameters,
rSIC1500 demonstrated the highest diag-
nostic performance in ROC curve analysis
[area under the curve (AUC) = 0.79], followed
by rSIS1500 (AUC = 0.77). However, the De-
Long test analysis revealed no statistically
significant difference in AUC values between
rSIC1500, rSIS1500, rSIS2000, ADC800, and
ADC1500. Nevertheless, rSIC1500 was supe-
rior to rSIC800 and other high-b-value syn-
thetic images (Table 2).

When mass lesions were analyzed sep-
arately, ADC800 and ADC1500 values were
significantly lower in the malignant group,
whereas rSIC800, rSIC1500, rSIS1500, and
rSIS2000 were significantly higher (Figure
3). ROC curve analysis identified rSIC1500
as the most effective diagnostic parame-
ter (AUC = 0.79), followed by rSIS1500 (AUC
= 0.78). The Delong test results indicated
no significant differences in AUC values
between cDWI1500, ADC800, ADC1500,
rSIC800, rSIS1500, and rSIS2000. How-
ever, rSIC1500 was found to be superi-
or to other high-b-value synthetic maps
(Table 3).

For non-mass lesions, high-b-value im-
ages (b > 2000 s/mm?) outperformed other
parameters in distinguishing malignant from
benign lesions. Among these, rSIC4000 ex-
hibited the highest diagnostic accuracy (AUC
= 0.87). The Delong test analysis confirmed
that rSIC4000 was significantly superior to
mADC800 and mADC1500 and rSIC800 and
rSIC1500 maps, although no significant dif-
ferences were found between rSIC4000 and
other synthetic maps (Table 3).

For mass lesions, the optimal cut-off value
for rSIC1500 was 1.90 based on ROC curve
analysis. At this threshold, rSIC1500 achieved
a sensitivity of 61.3% and a specificity of
78.0%, with a positive predictive value (PPV)
of 70.4% and a negative predictive value
(NPV) of 55.6%.

For non-mass lesions, the optimal cut-off
value for rS14000 was 5.73. At this threshold,
rSIS4000 demonstrated a sensitivity of 75%
and a specificity of 83.3%, with PPV and NPV
values of 75% and 83.3%, respectively.

Figure 2. Segmentation process: An irregular mass in the upper quadrant of the right breast is visible in
the contrast-enhanced axial image (a) and the b = 0 diffusion-weighted imaging (DWI) (b). The segmented
area of the lesion in the b = 0 DWI sequence, used to create the mask image, is outlined with a white line (c).
Additionally, the contrast-enhanced axial image (d) and the b = 0 DWI map (e) of the contralateral normal
breast tissue, along with its segmentation marked by a white line, are shown (f).
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Table 1. Characteristics of the tumors

Frequency

Mean diameter (mm)
(min.-max.)

Shape
Mass
Non-mass

Malignant lesions: no. (%)
36 (52.94)

13.69 + 6.46
(7-33)

31 (45.6)
5(7.3)

Invasive carcinoma of no special type 22 (32.3)

Histopathological subtype

Invasive lobular carcinoma 4 (5.9)
1 mixed IDC/ILC (1.5)
Mucinous carcinoma 1 (1.5)
Tubular carcinoma 1 (1.5)
Mucoepidermoid carcinoma 1 (1.5)
Ductal carcinoma in situ 5 (7.3)

Focal microinvasive carcinoma on a background of

Grade
1
2
3

Her-2 status
Positive
Negative

Hormone receptor
Positive
Negative

Number of lesions
Multifocal
Multicentric

One mass

papillary DCIS1 (1.5)

3(4.4)
15(22.1)
12(17.6)

5(7.3)
31 (45.6)

35(51.5)
1(1.5)

10(14.7)
4(5.9)
14 (20.6)

Benign lesions: no. (%)
32 (47.06)

27.64+16.13
(6-80)

26 (38.2)
6(8.8)

Fibroadenoma 12 (17.6)
Fibrocystic changes 10 (14.7)
Apocrine metaplasia 2 (2.9)
Florid ductal hyperplasia 3 (4.4)
Focal granulomatous mastitis 3 (4.4)
Lobulocentric mastitis 1 (1.5)
Papilloma 3 (4.4)

min.-max., minimum-maximum; no., number; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma in situ.

Table 2. Comparison of the diagnostic values of synthetic and conventional diffusion-weighted imaging

Benign (mean + SD) Malignant P AUC (95% Cl) Pt
(mean £ SD)

rSIC1500 1.4 +0.66 245+1.24 <0.001* 0.79 (0.68-0.90) =

rSIS1500 1.63 + 1.04 293+1.72 <0.001* 0.77 (0.66-0.88) 0.27
rS1S2000 1.76 £1.21 3.57 £2.87 <0.001* 0.73 (0.61-0.85) 0.08
rSIC800 1.64+1.12 244+1.19 <0.001* 0.72 (0.57-0.83) 0.03
ADC,, 107 1.3+0.42 1.06 +0.28 0.01* 0.69 (0.56-0.82) 0.31
ADC,,,, 10° 1.02+037 0.85+0.24 0.03! 0.68 (0.55-0.82) 031
rSIS3000 264+26 6.28 +8.63 0.03* 0.66 (0.53-0.79) 0.03
rSIS4000 6.16 £ 10.02 13.23 £25.15 0.10* 0.62 (0.48-0.75) 0.02
rSIS5000 21.89 +£48.29 30.99 £71.97 0.30* 0.57 (0.43-0.71) 0.01

*P values of the Mann-Whitney U test, ‘P values of the t-test, *P values of the DeLong test comparing rSIC1500 with other parameters. AUC, area under the curve; Cl, confidence

interval; SD, standard deviation.

Discussion

The present study demonstrates that the
optimal b-values for DWI differ between
mass and non-mass breast lesions and that
high-b-value synthetic images exhibit better
diagnostic performance in non-mass breast
lesions. In mass lesions, synthetic b1500 and
conventional b1500 yielded comparable di-

agnostic performance to routine ADC800
and ADC1500 values. However, in non-mass
lesions, high-b-value (b > 2000 s/mm?) DWI
maps outperformed both mADC and cDWI
images in diagnostic performance.

Previous research has suggested that
higher b-values (1200-1800 s/mm?) enhance
cancer detection and lesion conspicuity due

to the improved suppression of fibro-glan-
dular tissue and benign lesion signals at
higher diffusion weightings. Choi et al.® re-
ported that increasing b-values (800-1500
s/mm?) improved cancer detection rates and
cancer-to-parenchyma contrast ratios (CPCR)
for both sDWI and cDWI, with sDWI1500
demonstrating superior lesion conspicuity

High-b-value synthetic diffusion-weighted imaging in breast lesions - 43



Table 3. Comparison of the diagnostic values of synthetic and conventional diffusion-weighted imaging in mass and non-mass lesions

Mass lesions Non-mass lesions
Benig Malignant P AUC Pt Benign Malignant P AUC Pt
(mean = SD) (mean = SD) (95% Cl) (mean + SD) (mean = SD) (95% Cl)

rSIC800 1.92+1.29 3.66 +3.01 0.08* (0.5%—75.86) 0.23 1.34£1.01 349 £1.69 0.33* (0.4%'_78.91) 0.03
rSIC1500 1.43+0.73 247 £1.27 <0.001* (0.6%—7(?.88) = 1.28 +0.47 2.65+0.95 0.55 (0.4%_73.92) 0.04
rSIS1500 1.70£1.12 297 +1.76 0.001* (0.6%1?.88) 0.5 1.46 + 0.96 3.02+1.41 0.88 (0.321).93) 0.09
rS1S2000 1.92+1.29 3.66 +3.01 0.008* (0.5%—75.83) 0.11 1.34+1.01 3.49 +1.69 0.03 (0.42'—75.96) 0.07
rSIS3000 3.17+2.82 6.64 +9.21 0.17% (0'4%’_63.75) 0.03 118+ 1.11 4.80+1.20 0.03 (0.42.?3.96) 0.09
rSIS4000 7981130 14452691 0.35* - 43'_537 , 001 108£115  679%386  0.02 (0.521'?;.99) ;
rSIS5000 29.66 +55.28  34.69 +77.03 0.97% (0.3%fg.66) 0.005 1.02+1.12 9.85 +6.34 0.03 (0.4%'_8397) 0.25
ADC,, 107 1.27£0.37 1.02 +0.27 0.007 ¢ (0.5(;.—78.82) 0.45 1.35+0.36 1.07 £0.34 0.39 (0.2%'_6387) 0.02
ADC,, ., 10° 0.99 £0.33 0.81+0.23 0.023" (0.5%—7(()).81) 0.43 1.07 £0.34 1.07 £0.09 0.67 (0.3%'_63.89) 0.02

*P values of the Mann-Whitney U test, 'P values of the t-test, *P values of the DelLong test analysis. AUC, area under the curve; Cl, confidence interval; SD,
standard deviation; ADC, apparent diffusion coefficient.

and CPCR. Similarly, Bickel et al.™ found a
significant increase in CPCR with b-values
between 1000 and 2000 s/mm?, identifying
1200-1800 s/mm? as optimal for image qual-
ity and lesion visibility. Park et al.”* reported
that sDWI1500 enhances sensitivity without
affecting predictive value, whereas Ahn et
al.?? observed that cDWI1000 provided better
image quality compared with cDWI2000 and
sDWI2000, despite superior lesion detection
at cDWI2000. Naranjo et al.*' noted that syn-
thetic b-values of 1200-1500 s/mm? offered
the best lesion conspicuity, albeit with low-
er image quality. Additionally, Yilmaz et al."
demonstrated that sDWI1500 outperformed
cDWI800 in differentiating malignant from
benign lesions, yielding higher sensitivity,
specificity, and accuracy with fewer false pos-
itives. However, they did not compare higher
b-values between sDWI and cDWL.”* None of
these studies specifically analyzed mass and
non-mass lesions separately. DWI may per-
form differently in distinguishing malignant
lesions in mass versus non-mass lesions.'®"”
Additionally, most studies in the literature
have not used the Delong test to compare
differences in AUC values, limiting statistical
insights into diagnostic performance.

Although there is still no universal con-
sensus on the ideal b-value, our findings
highlight the necessity of developing sepa-

rate DWI protocols for mass and non-mass
lesions. Specifically, our results suggest that
routine mADC and b800 DWI images provide
diagnostic accuracy comparable with con-
ventional b1500 and sDWI maps in mass le-
sions, questioning the added diagnostic val-
ue of high-b-value synthetic images in these
cases. Conversely, our findings support the
use of high-b-value DWI in non-mass lesions,
as they demonstrated superior diagnostic
performance in this subgroup. Incorporating
sDWI images into routine breast MRI proto-
cols may enhance diagnostic accuracy with-
out extending acquisition times. Although
not evaluated in the present study, prior re-
search suggests that patient-related factors,
such as breast density, may influence breast
cancer detection rates on DWI.2°2" Moreover,
sDWI offers radiologists greater flexibility by
allowing lesion-specific and patient-specific
selection of optimal b-values, thereby en-
hancing tailored imaging approaches.

Several limitations of this study should be
acknowledged. First, its retrospective, sin-
gle-center design and relatively small sam-
ple size limit the generalizability of the find-
ings. Additionally, some patients underwent
breast MRI after biopsy, which may have
influenced the diffusion signal and affected
imaging interpretation. The study popula-
tion was also inherently biased, as it com-
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prised patients undergoing breast biopsy for
suspected breast cancer, potentially skewing
the proportion of malignant lesions and im-
pacting the study’s sensitivity and specificity.
Moreover, the predominance of hormone re-
ceptor-positive luminal-type tumors restrict-
ed the ability to perform subgroup analyses
across different tumor subtypes. Lastly, the
study focused solely on index lesions, which
may not fully capture the complexities of
multifocal or multicentric disease patterns.

In conclusion, the optimal b-values and
the diagnostic performance of sDWI differ
between mass and non-mass breast lesions.
Although routine mADC and conventional
b800 images offered diagnostic accuracy
comparable with high-b-value synthetic im-
ages in mass lesions, high-b-value (b = 2000)
DWI maps significantly outperformed cDWI
and ADC images in non-mass lesions. These
findings suggest that a tailored DWI protocol
is necessary for optimal lesion characteriza-
tion, particularly for non-mass lesions where
high-b-value imaging provides added diag-
nostic value. This study highlights the need
for further research involving large patient
populations and separate evaluations for
mass and non-mass lesions to clarify the role
of high-b-value sDWI in breast lesion assess-
ment and to determine the optimal b-value
for accurate diagnosis.

Karabiyik et al.
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Figure 3. Conventional DWI (a, b, ¢, d) and synthetic DWI (e, f, g, h) images with different b-values and
different ADC maps (i, j) of a patient with invasive NOS in the upper outer quadrant of the right breast are
seen. The SNR, rSl, and lesion detectability decrease as the b-value gets very high (g, h). Low ADC signal
was detected in ADC800 and ADC1500images, as expected in malignant lesions. DWI, diffusion weighted
imaging; ADC, apparent diffusion coefficient; SNR, signal-to-noise ratio; rS|, relative signal intensity.

Clinical significance

Implementing high-b-value sDWI into
routine breast MRI protocols has the poten-
tial to enhance diagnostic accuracy, particu-
larly for non-mass lesions without increasing
scan time. By incorporating lesion-specific
and patient-specific b-value optimization,
radiologists can improve lesion characteriza-
tion, potentially reducing unnecessary biop-
sies and improving clinical decision-making.
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ABSTRACT

A multiparametric ultrasound (US) approach, which is defined as the use of existing and new ul-
trasonographic technologies to enhance diagnostic accuracy, can be applied in vascular imaging.
By incorporating techniques such as stiffness evaluation, elastography modalities, vector flow im-
aging, slow flow imaging, contrast-enhanced US, and three-dimensional imaging, this approach
offers deeper insights into various vascular conditions, including vascular aging. Advancements in
technology now make it possible to quickly obtain numerical values for various vessel properties
on a screen or worksheet, simplifying and streamlining the multiparametric approach. Thus, re-
cent advances in vascular US imaging technology allow for detailed investigation of many complex
physiological and pathophysiological vascular phenomena.

KEYWORDS
Arterial, carotid artery, contrast agent, microvascular imaging, ultrasonography, vascular aging

ascular ultrasound (US) has evolved as a cornerstone in the diagnosis and management

of vascular diseases, offering a safe, non-invasive, and highly accessible imaging modal-

ity. It has traditionally been widely recognized as the first-line, and sometimes the only
imaging modality for the screening, diagnosis, and monitoring of vascular diseases. The role
of US is particularly important given the need for accurate and non-invasive methods for the
early detection of vascular degenerative changes, which is crucial as cardiovascular disease
remains the leading cause of mortality worldwide."? Doppler US, including color Doppler,
spectral Doppler, and power Doppler modes, has been an essential component of vascular
imaging for over 40 years, with its advantages and limitations extensively documented in the
literature.* However, several challenges persist in the US imaging of vascular conditions. For
example, in patients with carotid artery disease, there is a need for improved methods to
characterize atheromatous plaques and enhance risk stratification, enabling more effective
treatments.

Improvements in US image quality and the development of high-frequency transduc-
ers have enhanced the spatial resolution of images, enabling detailed visualization of small
vessels and vascular pathologies, such as atherosclerotic plaques. In addition to improved
B-mode tissue characterization, advancements in US technology and image analysis now en-
able the assessment of various physiological and pathophysiological conditions in vessels.
The role of vascular US in diagnosing and managing vascular diseases has grown consider-
ably, with recent innovative advances in US techniques enhancing its diagnostic capability,
accuracy, and clinical utility.

This review covers recent and relatively new advancements in vascular US, with a focus on
quantitative arterial stiffness for assessing vascular aging, microvascular US, tissue elastogra-
phy, three-dimensional (3D) US and contrast-enhanced ultrasound (CEUS). The availability of
these technologies facilitates the adoption of multiparametric US, integrating advanced im-
aging capabilities with existing techniques to deliver more comprehensive information and
improve diagnostic accuracy in vascular imaging.

You may cite this article as: Ozhan Oktar S, Cerit MN, Sendur HN, Karabérk Kilic AC. Recent advances in vascular ultrasound imaging technology and their
clinical implications. Diagn Interv Radiol. 2026;32(1):47-56.
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Vascular aging and arterial stiffness

The notion that “A man is as old as his
arteries,” attributed to the English physi-
cian, Thomas Sydenham, in the 17 centu-
ry, reflects the long-standing awareness of
vascular aging. While this concept has been
recognized for centuries, research into its
underlying mechanisms has emerged only
fairly recently.® Vascular aging refers to the
cumulative structural and functional chang-
es that occur in the vasculature with normal
aging, independent of other diseases, begin-
ning as early as in utero. It is recognized as a
substantial risk factor for the development of
cardiovascular diseases.

With aging, arteries undergo notable
structural and functional alterations, includ-
ing vessel wall thickening caused by the pro-
liferation and migration of vascular smooth
muscle cells, fragmentation of elastin fibers,
and increased collagen deposition, all con-
tributing to vascular stiffness. These changes
contribute to reduced arterial compliance
and its capacity to resist stress. Endothelial
cell dysfunction, chronic low-grade inflam-
mation, oxidative stress, and traditional car-
diovascular risk factors further exacerbate
the progression. In more advanced stages-
as in atherosclerosis-plaque accumulation,
macrophage infiltration, and foam cell for-
mation are observed.*®

The hallmark of vascular aging is this in-
creased “vascular stiffness,” which broadly

* Increased arterial stiffness by itself is a
strong risk factor for a broad spectrum of
cardiovascular diseases, including hyper-
tension, heart failure, myocardial infarction,
and stroke, independent of traditional risk
factors.

* The term “vulnerable plaque” refers to ath-
erosclerotic plaques that are prone to rup-
ture, potentially leading to thrombosis and
embolism. The current challenge is to distin-
guish stable plaques from vulnerable ones,
enabling identification of high-risk patients
for acute cardiovascular and cerebrovascu-
lar events before clinical symptoms arise.

* Microvessel imaging also has potential for
evaluating intraplaque neovascularization,
a key factor in carotid plaque instability.

* Using microbubble-based contrast agents,
contrast-enhanced ultrasound has signifi-
cantly improved the ability to assess vas-
cular perfusion and microvascular flow.
This innovation has clinical implications for
detecting tumor vascularity, characterizing
plaques, and evaluating organ perfusion in
both arterial and venous systems.

refers to the reduced ability of the arteries
to expand and recoil in response to chang-
es in blood pressure with cardiac pulsations.
Increased arterial stiffness by itself is a strong
risk factor for a broad spectrum of cardiovas-
cular diseases, including hypertension, heart
failure, myocardial infarction, and stroke,
independent of traditional risk factors. Vas-
cular aging can be quantified by measuring
vascular stiffness. Classical indirect methods
for assessing arterial stiffness, such as arterial
distensibility, compliance, elastic modulus,
beta (B)-stiffness index, and pulse wave ve-
locity (PWV) rely on the evaluation of chang-
es in arterial diameter or volume during the
cardiac cycle in response to corresponding
changes in arterial pressure (Table 1). While
these parameters are interrelated, each
provides unique insights into the biome-
chanical properties of the vessel wall. These
approaches remain central to understand-
ing vascular biomechanics and age-related
vascular changes. Among these, PWV is the
most commonly used technique and is con-
sidered the gold standard for assessing arte-
rial stiffness. The PWV increases with age due
to reduced arterial elasticity, reflecting great-
er cardiovascular risk.>"

During each ventricular contraction, a
“pulse wave” is generated, causing the aorta
to expand and the pressure wave to propa-
gate along the arterial tree. The speed of this
pressure wave is proportional to the stiff-
ness of the artery. In young individuals, the
arteries are more elastic, causing the reflect-
ed wave to travel more slowly and return to
the heart during diastole. This phenomenon
enhances diastolic pressure, improving cor-
onary perfusion, and dissipates part of the
pulsatile energy in the central aorta, thereby
protecting the microcirculation from dam-
age. With vascular aging, arterial stiffness

increases, leading to a higher PWV (Figure
1). Given its strong association with vascular
damage, PWV serves as a critical biomarker
for evaluating cardiovascular risk and facil-
itates early detection of vascular dysfunc-
tion.85121> Increased arterial stiffness has
been shown to predict cardiovascular events
even in asymptomatic individuals without
overt cardiovascular disease.®

New sonographic techniques focus on
detecting wave propagation. Several manu-
facturers have provided wall motion detec-
tion capability with different techniques. The
radiofrequency data-based quantification
technique used in arterial stiffness evalua-
tion automatically identifies the intimal sur-
face of the near- and far-field vessel walls
under investigation, tracks movements over
several cardiac cycles, and measures vessel
diameter and displacement in micrometers.
Vessel distensibility, an indicator of vascular
stiffness, is calculated from the difference be-
tween systolic and diastolic measurements
and is displayed on the screen (Figure 2).
Ultrasonographic strain imaging using the
speckle tracking method is another tech-
nique for assessing carotid stiffness. Using
this technique, circumferential, longitudinal,
and radial movements of the carotid artery
can be analyzed, and displacement of the
carotid wall can be represented graphically.
Combined with diastolic and systolic blood
pressure data, this technique allows for auto-
matically calculating arterial stiffness param-
eters, such as elastic modulus, arterial dis-
tensibility, compliance, and B-stiffness index,
via a special software program. Additionally,
strain, strain rate, and peak circumferential
and radial displacements can be measured
(Figure 3). These techniques show promise as
a valuable non-invasive tool for identifying
early subclinical carotid artery disease.5'0'2'3

Table 1. Indirect methods for evaluating arterial stiffness

Parameter Definition

Formula

Arterial compliance

Arterial distensibility

Absolute change in vessel diameter
for a given change in pressure

The relative change in vessel diameter
for a given change in pressure

[diastolic diameter—systolic
diameter (AD)]/[systolic pressure—
diastolic pressure (AP)]

AD/[AP x vessel diameter in the
diastolic phase (D)] in mmHg

Pressure change required for

Elastic modulus index
arterial diameter

theoretical stretch from resting

(AP x D)/AD in mmHg

The ratio of the natural logarithm of

Beta-stiffness index
change in diameter

Pulse wave velocity
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systolic/diastolic pressure to relative

The speed with which the pulse wave
travels along the length of the artery

log (SBP/DBP)/(AD/D)

Stiffness index x diastolic blood
pressure/(2 x blood density) while
assuming the blood density to be
1.050 g/cm?

Ozhan Oktar et al.
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Figure 1. In a healthy artery, compliance allows the vessel to expand as blood is pumped from the heart and
to recoil during diastole, propelling the accumulated blood forward into the peripheral tissues, providing
continuous flow to the end organs. With vascular aging and increased arterial stiffness, the arterial walls
become morerigid, reducing compliance and leading to higher pressure within the vessels, as demonstrated
in the right column. In younger vessels, propagation velocity is slower than in aged vessels in which the

walls move less.
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Figure 2. Radiofrequency data-based quantification on arterial stiffness tracks movements of vessel walls
during consecutive cardiac cycles, with automatic detection of both near-and far-field vessel walls. Vessel
distensibility is calculated from the difference between systolic and diastolic diameter measurements and
shown on the screen. The motion curve of the vessel wall is displayed under the image in real time.
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Figure 3.In the speckle tracking method, movements of the carotid artery can be analyzed and displacement

of the carotid wall can be represented graphically.
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Tissue elastography

US elastography is a method for assessing
the elasticity of tissue, based on the cellular
composition of the extracellular matrix. Sev-
eral methods are available for elasticity evalu-
ation, including real-time strain elastography
or shear wave elastography (SWE), which
have demonstrated efficacy in many clinical
applications. The velocity of the shear wave
created is directly linked to the elasticity of
the arterial wall. Multiple factors influence
arterial wall elasticity, such as personal fac-
tors (age, genetics, blood pressure, heart rate,
different diseases), lifestyle factors (exercise,
diet), and extrinsic factors (timing during car-
diac cycle, acquisition characteristics, medical
treatment). Unlike PWV, shear wave velocity
is less dependent on other parameters, such
as blood density and intra-arterial pressure.
Local elasticity of the arterial wall or plaque
can be calculated using SWE techniques.’”'®

In the evaluation of atherosclerotic
plaques, the paradigm has shifted from sole-
ly focusing on the hemodynamic effects of
luminal stenosis to a more comprehensive
assessment of plaque structure and compo-
sition. The term “vulnerable plaque” refers
to atherosclerotic plaques that are prone to
rupture, potentially leading to thrombosis
and embolism. The current challenge is to
distinguish stable plaques from vulnerable
ones, enabling identification of high-risk
patients for acute cardiovascular and cere-
brovascular events before clinical symptoms
arise. Distinct morphological features of vul-
nerable plaques, including intraplaque hem-
orrhage, lipid-rich necrotic cores, thin fibrous
caps, plaque ulceration, inflammation, and
neovascularization, allow for their identifica-
tion and characterization through a range of
invasive and non-invasive imaging tools (Fig-
ure 4)." The plaque elasticity quantification
obtained via SWE is an indirect reflection of
the major component of plaques, including
dense fibrous tissue, calcifications, and lip-
id-rich necrotic core. Softer tissues such as
lipid or hemorrhage, typically associated with
vulnerable plaque, deform more easily and
produce higher strains, whereas stiffer tis-
sues such as those containing fibrous tissue
deform less and result in lower strains (Figure
5). Preliminary investigations suggested that
US elastography may be a clinically useful
tool assessing plaque vulnerability. In some
studies, it has been stated that SWE can
identify statistically significant differences in
elasticity and effectively distinguish different
plaque types with good reproducibility in as-
sessing rupture risk. Based on these results,

Recent advances in vascular ultrasound « 49


https://www.sciencedirect.com/topics/medicine-and-dentistry/hemodynamic

tissue elastography appears to be a promis-
ing method for risk stratification of carotid
plaques. However, vascular elastography is
challenging because of the relatively small
heterogeneous tissue size, the dynamic envi-
ronment resulting from pulsatile blood flow,
thin vessel walls, anisotropy, and non-linear
tissue elasticity. Therefore, in the Europe-
an Federation of Societies for Ultrasound in
Medicine and Biology guidelines and recom-
mendations for the clinical practice of elas-
tography, vascular US elastography has been
considered as an area of active research, al-
though it is currently not recommended for
routine clinical decision-making.?>2* While
US elastography shows promise in vascular
applications, especially for the assessment
of carotid plaque, larger, multicenter studies
are needed to validate findings, define cut-
off values, and optimize techniques.

Vector flow imaging

Doppler techniques are angle dependent,
providing correct information only when the
US beam is aligned parallel to the flow direc-
tion. A major limitation of this approach is
that tortuous vessels or unusual anatomy can
produce complex flow patterns, leading to
a mixed or unclear color display. Vector flow

imaging (VFI) is an angle-independent tech-
nique that enables real-time visualization of
complex blood flow patterns with extreme-
ly high frame rates. In conventional spectral
Doppler imaging, the angle cursor must be
manually aligned by the operator to estimate
blood velocity based on the Doppler frequen-
cy, and only the velocity component along
the direction of the beam is measured. In real-
ity, a velocity vector representing blood flow
consists of three components along the x, y,
and z axes. The multibeam approach used in
VFl enables the measurement of two or more
velocity components. Using this technique,
blood flow characteristics can be evaluated
visually to assess the flow pattern. Each vec-
tor representing flow is displayed as a small
color-coded arrow indicating the magnitude
and the direction of a true velocity in real
time at every point of the vessel (Figure 6).2%

Wall shear stress (WSS) measurement is
another capability of VFI. There are two ma-
jor types of hemodynamic forces that act
on blood vessels: tensile pressure (p), the
outward force that acts perpendicular to the
arterial wall, which is greater in systole; and
shear stress (1), the tangential frictional force
per unit area of the vessel wall that is exerted
in the direction of blood flow (Figure 7). As
a local mechanical force, WSS heavily affects
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Lipid core

Neovasculature
from vaso vasorum

Plaque ulceration

Neovasculature
from epithelium

Inraplaque
hemorrhage

Vaso vasorum

the biofunction of vascular endothelial and
smooth muscle cells with diverse mecha-
nisms.??® The VFI technique enables auto-
mated WSS measurements by aligning the
reference line to coincide with the vascular
wall (Figure 8).

Endothelial cells have the ability to sense
and transduce the shear stress from blood
flow into biochemical signals that cause ini-
tiation and progression of the atherosclerot-
ic process depending on the type and the
magnitude of shear stresses through specific
mechanisms. In straight regions of arteries,
flow has a normal laminar pattern and is al-
ways in the same direction. Endothelial cells
in these areas exposed to sustained laminar
flow and high WSS have an anti-inflammato-
ry phenotype characterized by alignment in
the direction of flow, downregulation of ath-
erogenic genes, low levels of oxidative stress,
cell turnover, and permeability, which help
protect against atherosclerosis. However, in
regions where arteries divide or curve sharp-
ly, such as carotid bifurcation, disturbed or
“atherogenic” flow patterns are observed,
including flow separation, gradients, flow
reversal, and turbulence. Endothelial cells in
regions of disturbed flow or low shear have
an activated, pro-inflammatory phenotype
characterized by poor alignment, oxidative
stress, expression of inflammatory genes,
and high turnover, which is associated with
high susceptibility to atherosclerosis.

Briefly, disturbed and laminar flow pat-
terns may induce different molecular re-
sponses in endothelial cells, leading to the
preferential development of atherosclerotic
lesions at arterial branches and curvatures
while sparing the straight sections of the ar-
terial tree. The VFI technique may be useful
for evaluating turbulent or disturbed blood
flow, such as in stenotic arteries or aneurys-
mal regions, while simultaneously enabling
measurements of WSS (Figure 9).

Figure 5. Shear wave elastography (SWE) imaging of plaques with different elastic properties: (a) SWE image displays a blue color at a hypoechoic plague suggesting
a soft texture; (b) B-mode image shows a mixed echogenicity of the plaque with hyperechoic areas suggesting calcifications. The SWE image shows a mixture of
blue, red, and yellow colors, suggesting that the plaque contains stiff areas.
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Figure 6. Vector flow imaging displays all velocity vectors in a selected region of interest. Each vector
representing flow is shown as a small color-coded arrow indicating the magnitude and the direction of a
true velocity in real time. The length and color of the arrows indicate the flow speed.

Longitudinal Stress

Circumferential |
Stress |

Figure 7. Schematic presentation of major hemodynamic forces that act on blood vessels. The tensile
pressure (p) is the outward force acting perpendicular to the arterial wall, which is greater in systole. Shear
stress (1) is the tangential frictional force per unit area of the vessel wall, exerted in the direction of blood

flow.
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Figure 8. Wall shear stress measurements at a straight segment of a carotid artery by aligning the reference

line to coincide with the vascular wall.

Non-physiological WSS also promotes
plaque progression and the transformation
of stable plaques into an unstable or vulner-
able state.?”2%3 Obtaining the WSS value may
be valuable in stratifying patients at risk and
for further clinical decision-making in carotid
stenosis.

The reference values for WSS have been
established in previous studies, with the nor-
mal maximum WSS in arteries considered to
range between 1 and 7 Pa. Itis suggested that
a local mean WSS below 0.4 Pa could change
vessel wall morphology and contribute to the
development of arteriosclerosis. Moreover,

other studies have indicated that excessively
high WSS values in stenotic arteries may pro-
mote the rupture of high-risk plaques, with a
rupture risk threshold identified as 7 Pa. It is
suggested that high WSS values may lead to
thinning of the fibrous plaque cap, increasing
the risk of plaque rupture through elevated
mechanical stress within the wall.3'33

In brief, analyzing carotid flow patterns
and measuring WSS via VFI can offer valuable
insights into the development of atheroscle-
rosis. However, due to the relative novelty of
the technique, there remains a lack of strong
clinical evidence regarding its use. Further re-
search is required to explore the pathophysi-
ological significance of various complex flow
patterns, which may indicate plaque pro-
gression and thrombus formation.?'

Microvessel imaging

Traditionally, color and power Dopplerim-
aging have been the main tools for non-con-
trast microvascular flow visualization.>* How-
ever, conventional Doppler techniques have
limited sensitivity for the detection of slow
vascular flow. Recently, a number of tools
have been developed for assessing small-di-
ameter vessels with low-velocity flow with-
out the need for intravenous (IV) contrast
agents, collectively referred to as microvas-
cular flow imaging.

Doppler technologies employ single-di-
mensional wall filters for suppressing clutter
artifacts resulting from vessel wall motion,
which results in loss of slow flow signals
from smaller vessels. Microvascular flow
techniques, on the other hand, use multidi-
mensional adaptive wall filters to selectively
remove overlapping tissue movement arti-
facts, maintaining low flow signals otherwise
lost in conventional Doppler imaging meth-
ods. This approach preserves slow flow sig-
nals originating from microvasculature, pro-
viding more sensitive and higher resolution
blood flow evaluations with exquisite vas-
cular details (Figure 10). Additionally, micro-
flow imaging uses high-frequency sampling
techniques and a high frame rate, enabling
the display of high-resolution images. In
certain cases, it can also rapidly confirm the
presence or absence of blood flow without
the need for IV contrast administration. Mul-
tiple vendors offer microvascular techniques
on different ultrasonography devices, such
as Superb Microvascular Imaging in Canon
Medical Systems, ultra-micro angiography
in Mindray Bio-Medical, Micro-vascular Im-
aging in GE Healthcare, Micro-vascular-flow
in Samsung, Slow Flow in Siemens Health-
ineers, and MicroFlow Imaging in Philips sys-
tems. Display modes vary by manufacturer,

Recent advances in vascular ultrasound « 5 1



Figure 9. Vector flow imaging (VFI) of the carotid stenosis: (a) Grayscale image reveals calcified atherosclerotic plague with irregular surface, causing severe stenosis
of the right internal carotid artery; (b, ¢) VFI demonstrates complex flow patterns at different stages of cardiac cycle, with the vector arrows at the stenosis site
becoming longer and the red color of the arrow indicating fast flow. Vortex flow is represented with short green or yellow vectors; (d) wall shear stress measurements

at the level of stenosis.
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Figure 10. Imaging principles of microvascular ultrasound. The graph on the left shows that conventional
Doppler techniques apply a single-dimensional wall filter (yellow dotted line) to remove clutter artifacts
from wall motion, resulting in loss of signals from slow flow areas. In contrast, microvascular imaging

techniques apply a multidimensional filter to remove only the clutter, preserving the slow flow signals, as
shown on right. Exquisite detail of microvasculature can be detected via microvascular imaging.
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but generally mimic the presentation of col-
or or power Doppler modes, providing flow
information overlayed on B-mode data using
a variety of color hues.2%3%"

Existing research suggests that microflow
imaging enhances the diagnosis and moni-
toring of a range of medical conditions. Pos-
sible clinical applications include assessment
of the vascularity of breast masses and thy-
roid nodules, characterization of focal and
diffuse liver lesions, detection of increased
vascularity in tendons, joint capsules, and
peripheral nerves in musculoskeletal US,
depiction of mass lesions, and pre- and
post-transplant kidney evaluations. It has
also potential neurosonological applications,
including in the eye.3>3%4

Microvessel imaging also has potential
for evaluating intraplague neovasculariza-
tion, a key factor in carotid plaque instability,
as illustrated schematically in Figure 4. The
presence or progression of this neovascu-
larization significantly affects the outcomes
of vulnerable plaques, making its detection
clinically important (Figure 11). The results of
previous studies showed that blood flow de-
tected by microvascular imaging frequently
correlated with plague enhancement signals

Ozhan Oktar et al.



Figure 11. Microvascular ultrasound (US) imaging findings in complex plaques in the carotid bulb and proximal internal carotid artery causing high-grade carotid
stenosis. Microvessel US imaging with different hues in longitudinal (a, b) and axial views (c, d) reveal tiny vessels at the anteriorly located plaque, representing

neoangiogenesis.

observed in CEUS, demonstrating reliable
consistency in assessing neovascularization
in carotid plaques. The correlation between
microvessel imaging and histology in detect-
ing the neovascularization in atherosclerotic
plague has also been verified in correspond-
ing studies.***¢ While microvessel imaging
techniques are not as accurate as CEUS or
computed tomography (CT) in detecting
endoleaks following endovascular aneurysm
repair (EVAR), they offer a valuable improve-
ment over standard color Doppler imaging
and can serve as a useful alternative in the
follow-up period, especially for patients who
are unsuitable for contrast-enhanced imag-
ing modalities.*’

The development of increasingly sensitive
microvascular flow imaging US techniques
enhances the capability of non-contrast US
to accurately diagnose or exclude patholo-
gies, and may obviate the need for further
contrast imaging methods, such as CEUS, CT,
or magnetic resonance imaging, in selected
cases. However, non-contrast US flow-detec-
tion methods have not achieved the same
level of sensitivity as CEUS for detecting slow
flow and perfusion. Additionally, they are
unable to evaluate dynamic contrast kinet-
ics. Moreover, microvascular US imaging has
limited ability for deeper organs, making it

clinically challenging to decide whether the
absence of flow detection is due to depth
limitations or reduced perfusion. This tech-
nique is also susceptible to motion artifacts,
especially those caused by breathing and
cardiac pulsations.

Three-dimensional ultrasound

3D US imaging is gaining popularity be-
cause of its superiority over conventional
two-dimensional (2D) US by providing more
accurate and reproducible assessment for
anatomical structures and disease entities.
This technique combines a series of 2D US
cross-sectional slices, collected in a computer
and reconstructed into a 3D volume. 3D US
imaging provides volumetric reconstructions
and dynamic imaging of vessel anatomy and
blood flow. One of the most widely accepted
advantages of 3D US is the reduction of oper-
ator dependency compared with 2D US im-
aging. Moreover, its potential for shortening
the examination time makes it cost effective,
and it is safe for serial testing. Further advan-
tages of 3D US over 2D versions include its
higher accuracy in evaluating the relation-
ship between anatomical structures, evaluat-
ing treatment effects, estimating quantitative
volume, and providing access to an unlimited
number of imaging planes.*®4°

The use of 3D US in obstetric imaging of-
fers a new viewpoint on fetal anatomy, facil-
itates the identification of abnormalities, im-
proves maternal-fetal bonding, and provides
abetter understanding of fetal abnormalities.
In angiographic applications, viewing several
3D power Doppler US pictures in a fast cine
loop has proven beneficial. Moreover, 3D US
can help distinguish benign masses from
malignant ones in breast imaging by exhibit-
ing lesion borders and topography.>%>2

There are three different methods for ac-
quiring 3D US imaging. Mechanical 3D US
consists of a motorized linear array trans-
ducer that moves within a housing to cap-
ture 2D image frames to be reconstructed
into a 3D volume. Matrix 3D US has a larger
imaging volume and acquires images more
quickly compared with mechanical 3D US.
However, the resolution of images decreases
slightly. Lastly, in the freehand 3D US meth-
od, an external tracking system accompa-
nies the transducer, and the operator can
perform several maneuvers to avoid gas or
artifacts.*>3

These 3D US techniques are increasingly
utilized in clinical practice. Atherosclerotic
plague burden may be helpful in predicting
individual risk for cardiovascular diseases,
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and 3D US can allow for more accurate es-
timation of plaque burden.>* Furthermore,
carotid artery plaque assessment can be per-
formed reliably and effectively using 3D US.
According to a study conducted by Landry et
al>>, the inter- and intra-observer reliability
was 93.2% and 94%, respectively. This study
also reported that the higher the amount of
plaque volume is, the lower the variability
of measurements. However, a recent study
revealed that with the advancements in 3D
US technology, a new commercially available
3D transducer may provide more accurate
plaque volume measurements in carotid
and femoral arteries independent of plaque
size.* In addition, 3D US may be feasible for
the assessment of the effects of statin treat-
ment on carotid artery plaques.”’

The technique is also useful for preoper-
ative planning and monitoring post-surgical
outcomes, such as bypass grafts or endovas-
cular repairs. Post-EVAR volume estimation
of the aortic sac using 3D US can be both
feasible and accurate. In a study conducted
by Bredahl et al.’®, volume estimation in 93
consecutive patients undergoing EVAR was
evaluated using 3D US, with CT angiography
used as the reference standard. The authors
reported that the mean difference between
3D US and CT angiography was 1 mm, and
the limits of agreement ranged from -11%
to 12%. Another study, which included 182
abdominal aortic aneurysms (AAAs) of pa-
tients under EVAR surveillance, reported no
significant differences between 3D US and
CT angiography in measuring the anteropos-
terior diameter of the residual sac, and un-
derscored the potential benefit of 3D US in
reducing the need for nephrotoxic contrast
agents.”!

Although 3D US has a promising role in
clinical applications, a limited number of rel-
evant studies are available. Therefore, future
studies are required to better understand its
clinical value.

Contrast-enhanced ultrasound

Using microbubble-based contrast agents,
CEUS has notably improved the ability to assess
vascular perfusion and microvascular flow. This
innovation has clinical implications for detect-
ing tumor vascularity, characterizing plaques,
and evaluating organ perfusion in both arte-
rial and venous systems. The method aims to
address some of the drawbacks of traditional
ultrasonography, such as the inability to clearly
visualize slow flow, particularly in small vessels
or in cases of substantial stenosis. US enables
shell-encapsulated gas microbubbles, which

have sizes <10 um, to expand and contract, res-
onating at common medical US frequencies.*®
The energy of the transmitted pulse is scattered
at harmonic and subharmonic frequencies as
a result of this interaction. While the covering
shell is metabolized, primarily in the liver, the
patient’s lungs exhale the interior gas. The
contrast agent SonoVue (Bracco, Milan, ltaly),
which is made up of sulfur hexafluoride bub-
bles enclosed in a phospholipid membrane
shell, is widely used in Europe and the United
States under the brand name LumaSon®. CEUS
enables continuous real-time scanning and can
detect microvasculature in vessels as small as
40 um with extremely low velocities, a capabil-
ity that is frequently lacking in color and power
Doppler US, which can image vessels as small
as 100 pm, #9460

The CEUS method is used in the evalu-
ation of extracranial carotid occlusive dis-
eases. Regardless of the extent of stenosis,
CEUS imaging can help determine whether
a patient requires carotid endarterectomy
by evaluating the shape and fragility of the
plaque. The technique has a strong correla-
tion with both conventional and magnetic
resonance angiography, and it enables more
precise evaluation of stenosis.’ Additional-
ly, when compared with color Doppler US
imaging, CEUS improves measurements of
the length of stenosis by reducing the vis-
ibility of intrastenotic flow aberrations.®
Furthermore, abnormalities such as ulcers,
hypoechoic plaques, and dissections that
were previously missed by traditional US
can be seen using CEUS imaging.®® This im-
aging technique is a promising method for
the diagnosis and treatment of pre-ruptured
AAAs, ruptured AAAs, and endoleaks follow-
ing EVAR, as well as the diagnosis of aortic
dissections and peripheral arterial disease.®
In summary, CEUS imaging is an important
vascular imaging technology used to deter-
mine luminal perfusion, detect vascular ir-
regularities, measure plaque vulnerability in
various vascular pathologies, and measure
neovascularization as a quantitative indica-
tor of final muscle perfusion.
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ABSTRACT

Migrants and refugees tend to use emergency departments as their primary source of care, lead-
ing to a substantial increase in emergency radiological imaging. Migrants and refugees have risk
factors, such as low vaccination rates, poor hygiene, malnutrition, and inadequate self-care, which
increase their risk of contracting infectious diseases. For example, the prevalence of tuberculosis
among refugee populations in host countries is increasing, and imaging findings related to tuber-
culosis are frequently observed by radiologists. Strengthening screening programs in host coun-
tries for tuberculosis and other infectious diseases among migrant populations can help mitigate
the risk of transmission within migrant communities. Another condition, cystic echinococcosis, is
more common among refugees and migrants from the Middle East and Afghanistan. For radiolo-
gists working in host countries, echinococcosis involving the liver and lungs should be considered
in the differential diagnosis. Both intentional (e.g., violence, assault) and unintentional (e.g., work-
place injuries, accidents) traumas are frequently encountered in emergency radiology, particularly
among refugees and immigrants. Workplace injuries are four times more common among migrants
and refugees than among the local population due to their work in high-risk industries, such as con-
struction and heavy industry, and emergency radiology frequently encounters radiological findings
of organ injuries due to falls from height. In addition, healthcare professionals in emergency radiol-
ogy face various challenges when dealing with migrant and refugee patients, such as communica-
tion barriers, social security problems, and psychological distress.

KEYWORDS
Refugee, migrant, emergency radiology, tuberculosis, echinococcosis, firearm injury, computed to-
mography

ue to wars and economic hardships in the Middle East, Asia, and Africa, the number of

migrants and refugees in developed countries, such as European Union (EU) countries

and the United States (US), is high. Most frequently, it is the emergency departments
of hospitals that migrants and refugees use to receive healthcare services. There is a rise in
emergency imaging due to an increased workload in emergency departments, the higher
incidence of infections not common in host countries, and the greater number of occupation-
al injuries and forensic cases.' This increased workload, combined with incomplete patient
histories, may result in delayed reporting by emergency radiologists, as well as inaccurate
or incomplete interpretations. The aim of this study is to review the radiological findings of
diseases whose incidence is expected to rise in host countries due to increased migration.

Notable data on migration

Word choice isimportant in migration-related contexts. Migration is the movement of peo-
ple from one place to another, often across an international border, regardless of the reason.
An immigrant is a person who comes to live permanently in another country to improve their
material and social situation. Due to war in places such as Syria, Palestine, Afghanistan, Sudan,
and Ukraine, the US and European countries have become target destinations for refugees,
particularly in the last two decades. According to a United Nations High Commissioner for
Refugees (UNHCR) report, 122.6 million people had been displaced worldwide as of 2024.The
US has the highest number of asylum applications, followed by Germany, Tlrkiye, Germany,
Iran, Colombia, and Uganda, which host approximately 32% of the world’s people in need of
international protection.?
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Tirkiye provides international and tem-
porary protection for refugees and has im-
plemented a temporary protection system
for Syrian refugees. According to data pro-
vided by the Turkish Directorate of Migra-
tion Management, the number of Syrians
under temporary protection in Tirkiye was
3,088,863 as of October 2024.3 Although the
gender distribution of this group is equal,
three-quarters are under the age of 35. In the
Mediterranean and Eastern Mediterranean
regions, most asylum seekers and refugees
are male, and 70% are under the age of 35.*
According to the Turkish Directorate of Mi-
gration Management, the most frequently
apprehended irregular migrants in Tirkiye
were from Afghanistan and Syria, peaking
in 2019 and 20223 According to European
Commission data, the irregular migrants
who were illegally in the EU in 2022 includ-
ed Syrians (175,960), Afghans (119,520), and
Moroccans (60,215). The EU countries where
these people are mostly found are Hungary,
Germany, and Italy, respectively.®

Increase in emergency service admissions
and radiological imaging for migrants and
refugees

The most important situation faced by
countries of migration is the provision of
healthcare to refugees and migrants.® Al-
though migrants, such as those in the East-
ern Mediterranean, typically have better
initial health status than that of the host
population, this advantage tends to diminish
over time due to various socioeconomic fac-

* According to the United Nations High Com-
missioner for Refugees, the country with the
highest number of asylum applications is
the United States, followed by Germany.

* Migrants and refugees tend to use emer-
gency departments as their primary source
of healthcare, and this has led to an increase
in the use of radiologic imaging in emergen-
cy departments.

* The prevalence of tuberculosis is increasing
among migrants and refugees in host coun-
tries, and host country radiologists should
be familiar with tuberculosis radiology.

* Migrant workers are at higher risk of fatal
accidents than local workers, and multi-
ple organ injuries are frequently identified
through imaging in emergency radiology.

* Radiology personnel in host countries may
face challenges such as language barriers,
cultural sensitivities, incomplete medical
histories, and limited access to social securi-
ty or imaging services among migrants.

tors.” A study conducted in Canada showed
that the health of immigrants deteriorated
10 years after their arrival compared with be-
fore® It has been reported that common rea-
sons why refugees and migrants do not at-
tend healthcare appointments are language
problems, transportation problems, and
health insurance problems.® In many coun-
tries, there exist barriers related to health in-
surance coverage and healthcare costs in the
provision of health services. In Turkiye, how-
ever, the costs of health services for refugees
under temporary protection are covered by
the Disaster and Emergency Management
Presidency of the Ministry of the Interior.

Migrants and refugees tend to use emer-
gency departments as their primary source
of healthcare.’ Compared with local people,
their rate of emergency department admis-
sion is significantly higher, particularly for
pediatric patients.”™ It has been reported
that among migrants and refugees, emer-
gency admissions are more common for men
than for women and that musculoskeletal in-
juries and traumatic conditions are frequent-
ly found in young men.” Accordingly, there is
an increase in emergency radiological imag-
ing of migrants and refugees in emergency
departments.'® Access to emergency depart-
ments in Turkiye is free of charge for Syrians
under temporary protection, and one-third
of emergency department admissions have
been reported to be inappropriate.”” Emer-
gency departments in Turkiye are frequent-
ly preferred by Syrian immigrants because
doctors’ examinations, laboratory tests, and
radiological imaging are free of charge.’®"

Diseases with increased frequency de-
tected upon emergency radiology in host
countries

In emergency departments, where immi-
grants frequently seek healthcare, the utili-
zation of radiological imaging is increasing
(Figure 1).

Infections

Local people in host countries believe that
refugees/migrants are at high risk of bringing
infectious diseases.”® Low vaccination rates,
lack of hygiene, malnutrition, and low levels
of self-care among migrants and refugees in-
crease the incidence of infectious diseases.”’
Beyond malnutrition, the intake of contami-
nated or low-hygiene food during migration
can elevate the risk of gastrointestinal infec-
tions. Additionally, dietary restrictions stem-
ming from cultural or religious beliefs may
contribute to inadequate nutrition and di-
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gestive issues in the host country. As a result,
migrants and refugees are at increased risk of
highly contagious bacterial and viral respira-
tory system infections, urinary infections, and
gastrointestinal tract infections.?? In a study
conducted in Turkiye, urinary tract infections
were reported as the most common diagno-
sis in emergency department admissions of
pediatric and adult female migrants.” During
the coronavirus disease-2019 pandemic, the
crowded living spaces of large groups of mi-
grants/refugees, poor hygienic conditions, a
lack of preventive measures, and difficulties
in accessing vaccines increased the risk of
contracting the disease.?*

Tuberculosis

Tuberculosis is the world’s leading cause
of death from a single infectious agent, with
an incidence of 2.9 per 100,000 people.>>* In
2015, 558 new cases were diagnosed among
Syrian refugees.?*” In 2010, approximately
25% of newly diagnosed patients with tu-
berculosis in the EU were migrants.?® Due to
the increase in Syrian and Ethiopian refugees
coming to Lebanon, an increase in the fre-
quency of tuberculosis has been observed
in that country.?® The World Health Organi-
zation (WHO), UNHCR, and the European
Center for Disease Prevention and Control
have recommended that countries of origin
provide active tuberculosis screening.*® Tu-
berculosis is transmitted by droplets among
refugees and migrants with poor hygienic
conditions and results in symptoms such
as coughing, weight loss, and fever, with its
frequency increasing among refugees/mi-
grants in countries that accept migration.>'3?

In tuberculosis, the lungs are particular-
ly affected, as seen with extrapulmonary
tuberculosis with hematogenous spread. A
person who is exposed to Mycobacterium
tuberculosis for the first time (usually respi-
ratory) develops signs of primary pulmonary
tuberculosis. Although these people are of-
ten children in endemic areas, the disease
can also be seen in adults in the countries of
migration. Lymphadenopathy is a common
finding, and computed tomography (CT)
imaging typically shows peripheral contrast
enhancement with central radiolucency in
affected lymph nodes. Lobar or segmental
consolidation may also be present in cases of
primary pulmonary tuberculosis.®3*

Post-primary tuberculosis, however, is
typically seen in adults with reactivation
of the bacillus. It is usually characterized
by upper lobe involvement, cavitations, fi-
brosis, and tracheobronchial spread. Active
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tuberculosis should be considered in the
differential diagnosis when lymphadenopa-
thy, consolidation, centrilobular nodules, or
peribronchial thickening are detected upon
CT imaging of migrants with clinical findings,
such as fever, night sweats, coughing, and
chest pain. Miliary tuberculosis is defined by
hematogenous spread of the infection and
is characterized on CT by widespread centri-
lobular nodules, predominantly in the lung
bases (Figure 2).34

Echinococcus granulosus

Cystic echinococcosis is a parasitic (Echi-
nococcus granulosus) disease that is trans-
mitted from dogs to humans through inter-
mediate hosts.> In Argentina, the Middle
East, and China, the incidence of cystic echi-
nococcosis is reportedly 5/10,000 people.*
In Europe, it is more common in refugees/mi-
grants of Middle Eastern and Afghan origin.
Although liver and lung involvement are fre-
quent, it can involve any part of the body.?”?
The liver is reportedly the most commonly
affected organ, whereas the lungs are more
frequently involved in children (Figure 3).4042

o O

The diagnosis of hepatic hydatid cysts is
primarily based on ultrasonography, with
the ultrasound classification system for he-
patic cysts developed by the WHO used in
such cases (Figure 4). In this classification,
CE1 and CE2 group cysts are defined as ac-
tive, CE3 group cysts as transitional, and CE4
and CE5 groups as inactive and important for
treatment and follow-up.** Complications of
cystic echinococcosis include cyst rupture or
superinfection of the cyst, which may result
in anaphylaxis.

Hepatitis

In a study conducted among 7,629 immi-
grants in GeoSentinel clinics, the prevalence
of viral hepatitis was found to be 17%.* How-
ever, it has been reported that the frequency
of hepatitis in immigrants is similar to the fre-
quency in the countries of origin. Hepatitis
B virus and hepatitis C virus infections have
been reported to be more common in men
than in women in countries with high immi-
gration rates.*#¢ Ultrasonography may reveal
findings consistent with acute hepatitis, such
as hepatomegaly, increased gallbladder wall
thickness, decreased parenchymal echoge-
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Figure 1. Flowchart of migrants and refugees in emergency radiology.

HIV, human immunodeficiency virus.

nicity, and increased periportal echogenici-
ty.47

Human immunodeficiency virus and op-
portunistic infections

It has been reported that there are no pa-
tients who are human immunodeficiency vi-
rus (HIV) infected among the refugees com-
ing to the US from the Middle East, whereas
HIV is detected in 3.3% of African refugees.®®
This virus has been found in 0.7% of Iraqi
refugees entering the US and in 4% of immi-
grants/refugees in the United Kingdom.?'#
As a result, although the HIV rate among
immigrants/refugees is lower than in local
populations, infections due to factors such as
Toxoplasma gondii, Pneumocystis jirovecii,
Cryptococcus neoformans, M. tuberculosis,
Cytomegalovirus, and herpes simplex virus
can be identified upon emergency radiologi-
cal imaging (Figure 5).>°

Trauma

Intentional trauma

In emergency radiology for migrants and
refugees, trauma-related injuries are among
the most common conditions requiring im-
aging after infections. Migrants and refugees
often work in the construction and indus-
trial sectors, and safety measures are often
insufficient in host countries. Accordingly,
injuries due to work accidents are frequent-
ly seen in migrants and refugees. It has been
reported that refugees have workplace in-
juries four times more frequently than local
people (Figure 6).>™2 In a study conducted
in Saudi Arabia, 89% of the employees in the
construction sector, 41% of whom reported
workplace accidents, were migrant and refu-
gee workers, and they suffer these traumatic
injuries at a higher rate than the local popu-
lation.>® In addition, studies conducted in dif-
ferent countries have reported that migrant
workers have a higher risk of fatal accidents
than local workers.>*>®

Unintentional trauma

It is believed that the rate of involvement
in judicial incidents and crime among mi-
grants and refugees is higher than among
the local population in the host countries.”’
However, although it varies according to the
country of migration and settlement, it has
been reported that the rate of involvement
of local people in judicial incidents is high-
er than that of migrants and refugees.® In a
study by Yuizbasioglu and Cikrikgi Isik,*" it was
reported that traffic accidents were the most
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Figure 2. A 41-year-old Afghan man presented with cough and fever. (a) Chest X-ray revealed diffuse nodular radiopacities in the upper lung zones. (b, c) Computed
tomography scans showed diffuse millimetric centrilobular nodules in the upper lobes and middle lobe, with cavitary nodules in the right upper lobe. Miliary
tuberculosis was suspected, later confirmed by laboratory tests detecting tuberculosis bacilli.

Figure 3. A 38-year-old foreign man was diagnosed with a hydatid cyst in the posterior superior segment of

the right hepatic lobe based on computed tomography imaging and laboratory confirmation.

Figure 4. In a 22-year-old foreign man, axial computed tomography imaging showed a cystic lesion in the
right liver lobe with a detached membrane (arrow), confirming hydatid cyst.

common incidents (27.4%), with assaults the
second most common incidents among mi-
grants and refugees who presented at emer-
gency departments for forensic reasons. In
a study conducted in Switzerland, 14.6% of
cases were related to assaults and 10.2% to
traffic accidents, with the extremities being
the most commonly affected sites.® A study

conducted in Lebanon found that local peo-
ple and refugees were admitted to hospital
at similar rates as a result of road traffic acci-
dents.%® According to a study by Duzkoylu et
al.'’® in a settlement area close to the Syrian
border, trauma (36.8%) was the most com-
mon reason for the hospital admission of ref-
ugees/migrants; it was reported that this rate
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was higher than that for the local population
and that the assault rate (2.5%) was signifi-
cantly lower than that for the local popu-
lation. Regarding hospital admissions, the
most common sites of injury were reported
to be the extremities and the head and neck
(Figure 7).1860

Firearm injuries are reportedly among
the top five causes of death in the US.°" A
Canadian study reported a lower risk of
firearm injuries for immigrant children and
adolescents than for non-immigrant locals.
In addition, the study reported that the risk
of assault-related firearm injuries was high-
er among long-term migrants than among
non-immigrants (Figure 8).% In Sweden, for-
eign-born adults reportedly have a higher
risk of firearm-related death than locals.**In a
study conducted in Lebanon, knife and gun
injuries were found to be significantly higher
among the refugee population than among
the local population (Figure 9).° Metallic and
non-metallic foreign bodies related to prior
trauma, particularly in immigrants fleeing
war, may be detected on radiological imag-
ing, especially in the extremities. Sequelae of
gunshot wounds, including retained bullets
or fragments, are also commonly observed in
emergency radiology.*

Problems encountered in the evaluation
of migrants and refugees in emergency ra-
diology

Communication and language problems

Although there are interpreters in hos-
pitals, migrants and refugees are often not
able to communicate effectively. Incorrect
or incomplete communication may result
in improper patient positioning, failure to
follow simple instructions such as breath
holding, and difficulties in understanding
the patient’s clinical complaint or medical
history. These issues can lead to artifacts in
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Figure 5. A 35-year-old woman who was HIV positive presented with severe headache and confusion. (a) Non-contrast brain computed tomography showed low-
density lesions (arrows) in the right periventricular white matter. (b) Magnetic resonance imaging revealed peripheral hyperintense lesions with vasogenic edema
(arrows) in T2-weighted images, with (c) peripheral contrast enhancement (arrows) on T1-weighted images, leading to a diagnosis of cerebral toxoplasmosis. HIV,

human immunodeficiency virus.

Figure 6. A 23-year-old Afghan man fell from construction scaffolding. (a, b) Computed tomography scans revealed right scapula and acromion fractures, along with

(c) bilateral pneumothorax (arrow).

imaging, producing non-diagnostic imag-
es and increasing the risk of inaccurate or
incomplete reporting. It has been reported
that the length of emergency department
stay increases for patients who use interpret-
ers compared with those who do not.%> This
can be explained by a better understanding
of patient complaints and the use of more
appropriate communication methods.

Social security and insurance problems

It has been reported that the average cost
of treatment for Syrian war victims is approx-
imately US $1,336.%In their study, Karakus et
al." reported that the average cost per case of
wounded war victims brought to the emer-
gency department near the Syrian border
was approximately US $1,295. Other studies
report that the possibility of not being able
to afford hospital-related health expenses of-
ten results in refugees leaving the hospital.®’
In Lebanon, migrants/refugees have been
found to be forced to receive health services
in public hospitals and select health facilities,
resulting in a high rate of non-communica-
ble diseases and great pressure on health-
care capacity.®®®® Diagnostic examinations

Figure 7. A 27-year-old Iranian man suffered blunt facial trauma due to an assault. (a, b) Computed
tomography images showed perinasal and periorbital soft tissue swelling, with multiple displaced nasal
bone fractures.

Figure 8. A 35-year-old Syrian woman with gunshot wounds was examined postmortem. (a, b) Computed
tomography scans revealed metallic foreign bodies in the heart and left breast, bilateral hemothorax (stars),
and bilateral pneumothorax (arrows), more severe on the right.
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Figure 9. A 24-year-old Syrian man sustained a fatal stab wound to the anterior left chest wall. Computed tomography scans showed an anterior mediastinal
hematoma (a), bilateral hemothorax, and a defect in the anterior chest wall (b). Retrosternal hematoma (c) and millimetric pneumothorax (d) were also noted.

may create financial difficulties, particularly
among irregular migrants. These financial
constraints may also indirectly affect radio-
logical reporting, for example, by reducing
the number of follow-up requests or leading
to incomplete diagnostic workups.

Problems with migrant and refugee pa-
tients

Many behavioral problems can develop
among migrants and refugees, especially
those who leave their countries due to vi-
olence and war.*® Problems faced by those
working in emergency departments/emer-
gency radiology relating to migrant and
refugee patients frequently include psycho-
logical problems, cultural problems related
to patient privacy, hygiene problems due to
a lack of personal self-care, inconsistencies
between the clinical histories of migrants
and refugees and their past, and distrust of
doctors/healthcare personnel and other au-
thority figures. Some immigrants may refuse
procedures such as removing clothing for
radiological imaging or receiving intrave-
nous contrast agents due to religious beliefs,
especially when examined by a radiologist
of the opposite sex. Additionally, non-com-
pliance with instructions from radiology staff
may occur in individuals with post-traumatic
psychological disorders, particularly among
those who have migrated from war zones.

Mass casualty incidents

In cases of mass casualty incidents, such
as natural disasters or terrorist attacks in
host countries, immigrants are often dispro-
portionately affected due to poorer living
conditions. A clear example of this occurred
after the earthquake that struck Tirkiye and
Syria on February 6, 2023, when a shortage
of regional radiologists led to emergency
radiological reporting being performed via
teleradiology.”

In conclusion, As long as there are wars
and economic hardship, there will be migra-
tion. Emergency departments will contin-
ue to be used by migrants as their primary
source of healthcare in host countries, and
the frequency of emergency radiological
examinations will increase. Emergency ra-
diologists may encounter privacy-related
challenges when evaluating immigrant pa-
tients, as well as difficulties in imaging due
to communication barriers. Imaging artifacts
and incomplete reporting may also occur
as a result of insufficient clinical history. It is
important for radiology clinics in host coun-
tries to know the imaging characteristics of
diseases whose frequency increases with
migration to increase radiological diagnostic
performance.
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Radiologists' tendency to collaborate with referring physicians in
managing contrast media-related risk factors

Burak Oztiirk’
Ozgiir Karabiyik? PURPOSE
This study investigates radiologists’ tendency to collaborate with referring physicians in managing
risk factors associated with contrast media (CM) using a modified control preferences scale (CPS).
1Unye State Hospital, Clinic of Radiology, Ordu, This study is valuable, as it represents the first effort to capture radiologists’ perspectives on this
Turkiye issue.

2Erciyes University Faculty of Medicine, Department

of Radiology, Kayseri, Turkiye METHODS
The study was conducted through face-to-face interviews with 50 radiologists working at Kayseri
City Hospital between June 2021 and April 2022. During the interviews, a modified CPS was used.
Participants were presented with five different preference options, each written on a separate card.
These preferences ranged from fully active involvement in managing CM-related risks to a com-
pletely passive role. At the end of the interview, the two most preferred roles of each participant
were identified, categorized, and analyzed using descriptive statistics. All statistical analyses were
conducted using the IBM SPSS statistical package.

RESULTS

Of the 50 interviews conducted, 44 were included in the analysis, as they met acceptable permu-
tations. Among these, 6 interviewees (13.6%) preferred a completely active role and 19 (43.2%)
preferred a completely passive role. Additionally, 19 radiologists (43.2%) chose one of the collabo-
rative roles.

CONCLUSION

We believe that the preference for a passive role among the majority of radiologists (43.2%) is more
closely related to the inadequacies of the existing medical service system and infrastructure rather
than a lack of awareness or emotional/motivational inadequacy regarding team formation. These
findings should not be interpreted as a negative indicator of teamwork but rather as data for health-
care managers and legal experts to make necessary organizational adjustments. A substantial pro-
portion of radiologists who favor a collaborative role (43.2%) exhibit the emotional-motivational
willingness and cognitive understanding needed to engage in team formation and teamwork.

CLINICAL SIGNIFICANCE

The preference for a passive role among radiologists appears to be driven more by the limitations
of the current medical service system and infrastructure than by a lack of awareness or motiva-
tion for teamwork. Recognizing these systemic barriers is essential for healthcare managers and
policymakers to implement necessary organizational improvements. Additionally, radiologists who
prefer a collaborative role are likely aware of the benefits of teamwork, highlighting their potential
to contribute to future research and improvements in CM-related risk management. Enhancing col-
laboration opportunities and addressing structural deficiencies may facilitate the greater involve-
ment of radiologists in multidisciplinary teams, ultimately improving patient care and CM-related
risk management.
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here are three fundamental principles
Tfor quality in healthcare management:

patient focus, continuous improve-
ment, and teamwork." A team is defined by
Salas et al? as “interrelated individuals as-
signed to achieve a common goal” Four el-
ements are necessary to build a team: goal
setting, establishing interpersonal relation-
ships, clarifying roles, and problem-solving.>?
In radiology, one of the key challenges re-
quiring effective teamwork is the manage-
ment of risk factors associated with contrast
media (CM).*

Like other drugs, CM can cause side ef-
fects. Although the severity and incidence
of side effects from newer CM are lower than
from earlier CM, the widespread use of im-
aging tools, increased imaging speed, and
the preference for defensive medicine have
increased public exposure to CM. This has led
to an increase in unwanted side effects. Seri-
ous side effects can compromise the patient’s
health, hinder the progress of existing condi-
tions, and necessitate changes in treatment.
Consequently, hospital stays are prolonged,
and treatment costs increase. Additionally,
the patient’s trust in the treatment and even
in healthcare providers may be undermined,
potentially leading to malpractice lawsuits
against the clinician. Negative outcomes
may eventually compel clinicians to adopt
defensive medicine practices, resulting in
unnecessary tests, time loss, increased work-

* Effective teamwork in radiology is essential
for managing risk factors associated with
contrast media (CM).

* This study investigates radiologists’ tenden-
cy to collaborate with referring physicians
in managing CM-related risk factors using a
modified control preferences scale.

* A substantial proportion of radiologists who
favor a collaborative role (43.2%) are likely
aware of the positive outcomes of team-
work and are inclined to contribute to future
studies on CM-related risk management.

* The preference for passive roles (43.2%)
among radiologists reflects the limitations
of the current medical service system and
infrastructure rather than a lack of aware-
ness or emotional/motivational deficits re-
lated to team building.

* These findings should not be perceived as a
negative factor in team building but should
instead serve as data points for healthcare
administrators and medical-legal profes-
sionals to implement necessary institutional
regulations.

load for clinicians, and unnecessary costs for
the national economy.

To mitigate these risks, it is recommend-
ed that, prior to any imaging procedure, the
indication for contrast-enhanced imaging
be clearly established, the benefits and risks
carefully weighed, and alternative imaging
modalities that can provide comparable or
superior diagnostic quality considered.® If
contrast-enhanced imaging is deemed nec-
essary, it must be ensured that the select-
ed contrast agent is appropriate for both
the patient and the specific indication. The
benefits of the imaging study should be bal-
anced against potential adverse reactions to
ensure an effective and accurate diagnosis.
Additionally, healthcare providers must be
prepared to manage any potential adverse
reactions promptly.>¢

To manage the risk factors associated
with CM, the team members should natural-
ly include radiologists and physicians. Given
the identified challenges, effective teamwork
between radiologists and physicians is es-
sential.

Many centers still face unresolved issues
stemming from unclear role definitions,
which hinder effective teamwork. A crucial
question remains unanswered: How should
the roles of radiologists and referring physi-
cians be defined to establish effective team-
work in managing CM-related risk factors?

To address this, the American College of
Radiology (ACR) provides pre-assessment
criteria applicable to both radiologists and
physicians during diagnostic processes.
Adequate patient evaluation and effective
communication between the radiologist
and the referring physician are critical before
administering CM.> According to Bettman’,
radiologists should first calculate creatinine
clearance and assess whether a non-contrast
imaging modality could achieve the same
diagnostic goal. Furthermore, the Royal Col-
lege of Radiologists (RCR) states that the ul-
timate responsibility for CM administration
lies with the prescribing physician. Ideally,
the patient’s clinical history should be avail-
able at the time of the imaging request, and
the radiology department must review this
information before injection.?

The CM Safety Committee of the Japan
Radiological Society conducted a question-
naire-based survey among radiologists on
the use and safety of iodinated and gadolin-
ium CM. The majority of respondents select-
ed answers that indicated an active role in
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CM safety. However, some participants chose
the “others” option, which included respons-
es such as “at the discretion of the referring
physician” and “under the direct supervision
of the referring physician”?

The European Society of Urogenital Ra-
diology (ESUR) recommends that physicians
complete standardized questionnaires when
requesting contrast-enhanced examina-
tions to inform radiologists about potential
risk factors.® This approach helps define the
referring physician’s role in the team by pro-
viding detailed pre-assessment information,
enabling radiologists to prepare for acute
reactions or take preventive measures for
late-onset reactions. Although ESUR’s rec-
ommendation promotes cognitive collab-
oration between team members, effective
teamwork should also include motivational
factors, such as a proactive willingness to en-
gage in the process.'"

imamoglu et al.? evaluated clinicians’ mo-
tivation to collaborate with radiologists in
managing CM side effects using the control
preferences scale (CPS). A substantial propor-
tion of referring physicians (70.5%) preferred
a collaborative role in managing CM-related
risk factors.

’

This study aimed to assess radiologists
tendency to collaborate with physicians in
managing CM-related side effects using the
CPS. The data obtained will help accurately
determine radiologists’ cognitive and/or mo-
tivational-emotional tendencies, facilitating
effective role distribution in teams managing
CM-related side effects.

Methods

This study was conducted between June
2021 and April 2022, following approval
from the Ethics Committee at Erciyes Univer-
sity Medical Faculty Health Application and
Research Center (date: 20.10.2021, decision/
protocol no: 2021/701) and Kayseri City Hos-
pital (date: 19.10.2021, decision/protocol no:
55). A total of 50 radiologists working in Kay-
seri were included. Written informed consent
was obtained from each participant. Face-
to-face interviews, lasting approximately 15
minutes each, were conducted by a single
researcher in an isolated environment. Par-
ticipants were informed of the study’s pur-
pose and scope before data on age, years of
expertise, and gender were recorded. Subse-
quently, the modified CPS was administered.
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Control preferences scale

The CPS was developed by Degner et
al.’? to evaluate “the level of control an in-
dividual wishes to assume when decisions
about their medical treatment are made”. Al-
though originally designed for patients with
life-threatening diseases, it is applicable to
various decision-making processes related
to treatment. The scale consists of five sep-
arate cards, each representing a different
preference along a continuum from fully ac-
tive (A) to fully passive (E). Each card displays
a statement reflecting the level of control
preference. Participants make pairwise com-
parisons between the cards to indicate their
preference.

The results are presented as ordered per-
mutations of the letters representing the five
cards (e.g., CDBEA, ABCDE, or EDCBA). Only
permutations that demonstrate the partici-
pant’s understanding of the desired level of
control are considered valid. For example, al-
though “ABCDE" is a valid permutation, “AEB-
CD” is not, as it does not include two end-
points (A and E) among the most preferred
roles. A list of acceptable CPS permutations
is provided in Table 1.

The CPS used in this study was a modified
version, with changes made to the introduc-
tion question and the statements describing
control preferences. The introduction ques-
tion was revised to the following: “What are
your thoughts on sharing the responsibility
of managing CM-related risk factors with re-
ferring physicians?” The control preference
statements ranged from fully active (A) to
fully passive (E) in managing risk factors. The
statements and corresponding letters on
the cards are provided in Table 2. The visual
representations of the cards are shown in
Figures 1-5.

Figure 1. (Card A) | would like to make decisions
regarding the prevention of CM reactions. CM,
contrast media.

Figure 2. (Card B) | would like to make decisions
regarding the prevention of CM reactions but only
after obtaining the physician’s views. CM, contrast
media.

Table 1. Acceptable permutations in the control preferences scale

ABCDE BCDAE
BACDE CBDAE
BCADE CDBAE

CDBEA DECBA
CDEBA EDCBA
DCEBA

Table 2. Statements defining control preferences and corresponding letters on the cards

Letter Statement

A I would like to make decisions regarding the prevention of contrast media (CM)
reactions.

B I would like to make decisions regarding the prevention of CM reactions but only after
receiving the physician’s opinion.

C | believe that both the physician and | should share equal responsibility in decisions
regarding the prevention of CM reactions.

D The physician should make the decisions regarding the prevention of CM reactions but
only after receiving my opinion.

E The physician should make all the decisions regarding the prevention of CM reactions.

Figure 3. (Card C) | believe that both the physician
and | should share equal responsibility for decisions
regarding the prevention of CM reactions. CM,
contrast media.

Figure 4. (Card D) The physician should make
decisions regarding the prevention of CM reactions
but only after obtaining my views. CM, contrast
media.

Figure 5. (Card E) The physician should make
decisions regarding the prevention of CM reactions.
CM, contrast media.
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Table 3. Results of the control preferences scale applied in our study

Role* Count (n) Percentage (%)
Active—Active (AB, BA) 6 13.6
Active-Collaborative (BC) 6 13.6
Collaborative-Active (CB) 2 4.5
Collaborative—Passive (CD) 8 18.2
Passive—Collaborative (DC) 3 6.8
Passive—Passive (DE, ED) 19 43.2

Total 44 100

*The meanings of the abbreviations and the definitions of the roles can be found in the “definition of preferences”

subsection under the “materials and methods” section.

Definition of preferences

When classifying the results, the first two
letters of the acceptable permutations were
considered. Accordingly, preferences were
classified as follows:

« AB or BA:"Active—Active role”

« BC:“Active—Collaborative role”
+ CB:“Collaborative—Active role”
+ CD:“Collaborative—Passive role”
« DC:“Passive-Collaborative role”

« DE or ED:“Passive—Passive role”

Statistical analysis

All statistical analyses were conducted
using the SPSS software version 30.0 (IBM,
Armonk, NY, USA). Descriptive statistics were
performed on the role distribution obtained
from the CPS classification. The Shapiro-Wilk
test was used to assess the assumption of
normal distribution. The Mann-Whitney U
test was applied to compare control pref-
erences across genders, with a significance
level of P < 0.05. The Spearman or Kendall
correlation test was performed to assess
the relationship between age and preferred
roles. A significance level of P < 0.05 was con-
sidered statistically significant.

Results

Atotal of 50 radiologists were interviewed
(18 women, 32 men; age range 30-61 years).
However, only 44 interviews were included in
the analysis, as they met acceptable permu-
tation criteria. Six interviews were excluded
because they did not achieve valid combina-
tions despite repeated attempts.

The results from the 44 interviews are
summarized as follows (Table 3):

« Active-active role: 6 radiologists (13.6%)

«  Collaborative role: 19 radiologists (43.2%
total)

Among those inclined toward collabora-
tion, six (13.6%) preferred an active-collab-
orative role, two (4.5%) preferred a collabo-
rative—active role, eight (18.2%) preferred a
collaborative—passive role, and three (6.8%)
preferred a passive—collaborative role.

+ Nineteen radiologists (43.2%) preferred a
passive—passive role.

- In total, 25 radiologists (56.8%) preferred
non-collaborative roles (either active-ac-
tive or passive—passive).

+  Among those who adopted a collabo-
rative role, the most preferred role was
collaborative-passive  (18.2%). When
considering both collaborative and
non-collaborative roles, the most pre-
ferred role overall was passive—passive
(43.2%).

The analysis indicated that men and
women had similar preferences, with no
statistically significant differences between
genders regarding role preferences (z =
—0.433, P = 0.665). Additionally, there was no
statistically significant relationship between
age and preferred roles (P = 0.614).

Discussion

With advancements in modern medicine,
diagnostic methods have become increas-
ingly diverse. Imaging techniques, driven by
technological progress, have taken a leading
role in this field. Despite improvements in di-
agnostic quality, the necessity for CM, a fun-
damental component of these techniques,
has not diminished accordingly.

Like other drugs, CM is associated with
side effects. Although the severity and fre-
quency of side effects related to newer con-
trast agents are lower than those of earlier
agents, the widespread use of imaging tools,
the accelerated pace of imaging procedures,
and the preference for defensive medicine
have substantially increased public exposure
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to CM. Consequently, adverse effects have
become more common. Serious side effects
can compromise patient health, overshadow
the primary illness, and necessitate changes
in treatment. This leads to prolonged hospi-
tal stays, increased treatment costs, and di-
minished patient trust in both the treatment
itself and healthcare professionals.

From a physician-focused perspective,
the global increase in malpractice lawsuits
is a well-documented phenomenon. Such
potential negative scenarios may inevita-
bly prompt physicians to practice defensive
medicine, resulting in unnecessary investi-
gations, time loss, increased workloads, and
avoidable economic burdens on national
healthcare systems.

To mitigate these risks, it is recommend-
ed that, prior to any imaging procedure, the
indication for contrast-enhanced imaging
be clearly established, the benefits and risks
carefully weighed, and alternative imaging
modalities that can provide comparable or
superior diagnostic quality considered.® If
contrast-enhanced imaging is deemed nec-
essary, it must be ensured that the selected
contrast agent is suitable for both the pa-
tient and the specific indication. The benefits
of the imaging study should be balanced
against potential adverse reactions to en-
sure an effective and accurate diagnosis.
Additionally, healthcare providers must be
prepared to manage any potential adverse
reactions promptly.>¢

To address these issues, effective team-
work between radiologists and physicians
is essential from a healthcare management
perspective. As mentioned earlier, Kelly' em-
phasized that quality in healthcare is built on
three principles: patient centeredness, con-
tinuous improvement, and teamwork. Salas
et al.? define a “team” as “interdependent
individuals assigned to accomplish a shared
goal” Key elements of effective teamwork
include goal setting, interpersonal commu-
nication, clear role differentiation, and prob-
lem-solving.>* Kozlowski and llgen'™ classify
the psychological processes necessary for
achieving these goals into three categories:
cognitive, emotional-motivational, and be-
havioral. Team members are expected to
cognitively understand the team’s tasks, be
willing to emotionally and motivationally
respond to these tasks, and exhibit the nec-
essary behavioral changes.

If the goal is defined as the effective man-
agement of risk factors related to CM, the
natural team members would include the
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radiologist, physician, and patient. However,
for the team to function effectively, active
interpersonal communication and clearly
defined roles are essential.

To facilitate this, the ACR provides pre-as-
sessment criteria applicable to both radiol-
ogists and physicians during any diagnostic
process. Adequate patient evaluation and
effective communication between the ra-
diologist and the referring physician are
critical before administering CM.> According
to Bettman’, radiologists should calculate
creatinine clearance and determine wheth-
er the diagnosis can be established using
an alternative imaging method that does
not require CM. The RCR states that the ul-
timate responsibility for CM administration
lies with the prescribing physician. Howev-
er, the injection itself may be delegated to
a practitioner in accordance with local rules
and protocols. Additionally, a patient’s clini-
cal history should ideally be available at the
time of the imaging request, and the radiol-
ogy department must verify this information
before administering contrast agents.®

The CM Safety Committee of the Japan
Radiological Society conducted a question-
naire-based survey among radiologists on
the use and safety of iodinated and gado-
linium CM. The majority of respondents se-
lected answers that indicated an active role
in CM safety. However, some participants
chose the “others” option, which included
responses such as “at the discretion of the
referring physician” or “under the direct su-
pervision of the referring physician” The
percentage of responses falling under the
“others” category varied between 10.6% and
19.8%, depending on the survey questions.’
The primary aim of this study was to support
practitioners in clinical practice. Therefore,
it can be inferred that the survey responses
reflect the participants’ level of knowledge
and practical approach rather than their role
preferences.

In this context, the ESUR recommends that
physicians requesting contrast-enhanced ex-
aminations complete standardized question-
naires to inform radiologists about potential
risk factors.® According to this recommenda-
tion, the role of physicians in the team is to
identify risk factors and communicate them
to radiologists. This approach enables radiol-
ogists to prepare for acute reactions during
imaging procedures or take preventive mea-
sures against delayed reactions.

However, it is important to recognize that
effective teamwork consists not only of cog-

nitive collaboration but also of emotional
and motivational engagement.'® This raises
a critical question: Is the cognitive commu-
nication between physicians and radiologists
adequately supported by emotional and mo-
tivational factors?

In this study, the inclination of radiolo-
gists in Kayseri to collaborate with physicians
in managing CM side effects was investigat-
ed.The researcher conducting the interviews
did not provide explanations to physicians
regarding problem-solving strategies or role
definitions. Thus, the adoption of a collabo-
rative role may suggest that radiologists are
willing to respond to team-building objec-
tives not only cognitively but also emotion-
ally and motivationally.

The proportion of radiologists who pre-
ferred one of the active roles in this study
was 31.7%. Several questions arise if radiolo-
gists were to assume a more active role:

+ Would a separate patient examination
room be established for radiologists?

« What methods would be used to identify
risk factors? Are there internal guidelines
for sharing risk factors with physicians?
What is the potential for physician col-
laboration in creating these guidelines?

+ Although acute reactions might be con-
sidered the radiologist’s responsibility,
how would physicians handle unpredict-
able subacute and chronic reactions?

« Legally, who is responsible for failing to
identify risk factors?

« Currently, there are no definitive answers
to these questions. In another study us-
ing the same method but focusing on
physicians, 56.8% preferred one of the
active roles.

In general, considering the collaborative
attitude without distinguishing subcatego-
ries, the percentage of radiologists adopting
a collaborative stance was 43.2%. Among
those who preferred a collaborative role, the
proportion of passive—collaborative radiol-
ogists (those prioritizing passivity over col-
laboration) was 1.5-2 times lower than that
of collaborative-passive radiologists (those
prioritizing collaboration over passivity). This
finding suggests an inherent inclination to-
ward collaboration. On the other hand, ima-
modglu et al® reported that 70.5% of physi-
cians adopted a collaborative attitude.

We infer that radiologists and physicians
who favor a collaborative role exhibit both
emotional-motivational willingness and
cognitive understanding to engage in team

formation and teamwork. This group is likely
aware of the positive outcomes of teamwork
and is inclined to support future studies that
could drive advancements in this field.

In this study, a tendency toward adopt-
ing a passive attitude among radiologists
was observed (68.2%). Notably, a substantial
proportion of radiologists (43.2%) preferred
to take a completely passive role (as seen in
the last row of the table, the passive—passive
role). In a previous study, physicians showed
a tendency toward adopting a passive atti-
tude at a rate of 43%, with 15.6% preferring
to take a completely passive role.*> Compar-
ing the findings, it is evident that radiologists
tend to adopt a passive attitude more fre-
quently than physicians (68.2% vs. 43%).

The predominance of the passive role
among radiologists in this study could have
several explanations, including the follow-
ing:

o Lack of direct patient interaction: Ra-
diologists do not interact directly with
patients, which may lead to limited
awareness of clinical and laboratory pa-
rameters unless physicians provide this
information. As a result, there may be
insufficient knowledge of the risk factors
needed for managing CM.

« Excessive workload: The high volume of
daily imaging reports in many healthcare
centers makes direct patient interaction
challenging.

« Physical separation of reporting and
imaging rooms: In many healthcare fa-
cilities, imaging rooms are located far
from reporting rooms, making it difficult
to respond promptly to acute reactions.

« Increasing malpractice cases: The rising
number of malpractice lawsuits has a de-
motivating effect on radiologists, reduc-
ing their willingness to assume addition-
al responsibilities.

Therefore, we believe the preference for
passive roles among radiologists is less about
a lack of team-building awareness or emo-
tional/motivational deficits and more about
the limitations of the current medical service
system and infrastructure.

This study has several limitations. It is
single-centered, conducted solely among
radiologists working in our region, and
has a relatively small sample size. Broader,
multi-centered studies are necessary to gain
a more comprehensive understanding of
preferences that align with national or inter-
national approaches.
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In conclusion, a considerable number of
radiologists who favor a collaborative role
are likely aware of the positive outcomes of
teamwork and demonstrate a willingness to
contribute to future studies that could guide
this domain. This group exhibits emotion-
al-motivational willingness and cognitive
understanding to engage in team formation
and teamwork. Radiologists tend to adopt a
more passive role than physicians in manag-
ing CM reactions. The preference for passive
roles among radiologists appears to be driv-
en less by a lack of team-building awareness
or emotional/motivational deficits and more
by the limitations of the current medical ser-
vice system and infrastructure. These find-
ings should not be perceived as a negative
factor in team building but rather as data
points for healthcare administrators and
medical-legal professionals to implement
necessary institutional regulations. This is
particularly important because practices for
managing CM reactions are not yet fully in-
stitutionalized worldwide. We hope that data
obtained from future studies using reliable
methodologies—such as the CPS employed
in this study—uwill provide a foundation for

developing standardized practices in this
field.
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Bibliometric analysis of radiology residency theses in Tirkiye:
publication metrics and trends

Ali Salbas

Ali Murat Koc PURPOSE
This study aimed to conduct the first comprehensive bibliometric analysis of radiology residency
theses in Turkiye, evaluating publication rates, indexing characteristics, citation performance, and

izmir Katip Celebi University, Atatiirk Training and ! . - - )
key factors associated with successful thesis-to-publication conversion.

Research Hospital, Department of Radiology, izmir,
Tirkiye
METHODS
This retrospective study included 3,136 radiology residency theses completed between 1971 and
December 2024, retrieved from the National Thesis Center. Data were collected on the thesis topic,
advisor title, institution type, and study design. Publication status was assessed through searches
using author and advisor names and keywords across Google, Google Scholar, PubMed, Web of Sci-
ence, TR Index, and DergiPark. For published articles, the journal name, indexing category, impact
factor quartile, citation count, and time to publication were recorded. Statistical analyses included
descriptive statistics, the chi-squared, Mann-Whitney U, and Kruskal-Wallis tests, and regression
models (a P value of <0.05 was considered significant).

RESULTS

Most theses were from university hospitals (83.1%) and supervised by professors (45.8%). A total
of 1,165 theses (37.1%) were published as journal articles, of which 651 (20.8% of all theses) ap-
peared in Science Citation Index Expanded (SCIE)-indexed journals. Among the SCIE publications,
39.2% were in Q3 or Q4 journals. The most frequent thesis topics were neuroradiology (16.0%) and
abdominal radiology (13.3%), whereas imaging physics and radiation safety was least represent-
ed (1.6%). Publication rates significantly increased over time (P = 0.045), and time to publication
decreased (P < 0.001), with a median of 1,300 days. Theses supervised by assistant professors had
the highest publication rate (43.0%, P = 0.013). University-based theses received more citations
than those from training and research hospitals (P < 0.001). Residency students were first authors
in 76.4% of publications. Articles with the advisor or another researcher as the first author were
more frequently published in SCIE journals (P < 0.001), received more citations (P < 0.001), and had
shorter time to publication (P < 0.001).

CONCLUSION

Approximately one-third of radiology theses in Turkiye are published, with a notable share in
SCIE-indexed journals. Thesis publication performance has improved significantly over time.

CLINICAL SIGNIFICANCE

This study highlights the publication potential of radiology residency theses and reveals key factors

associated with research visibility. Recognizing these trends may help guide institutional policies,

promote academic mentorship, and encourage residents to pursue higher-impact publications.
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ibliometrics, defined in 1969, is a meth-
Bod that enables the statistical analysis

of academic documents.” Such studies
reveal research trends and the development
of the literature, thereby guiding future in-
vestigations. In Turkiye, medical residency
students are required to prepare an original
thesis in their field of specialization to qualify
for the specialty examination. This require-
ment is explicitly stated in the “Regulation
on Medical Specialization Training”? Similar
practices also exist in some European coun-
tries.® The thesis process is a fundamental
component of medical education, providing
physicians with scientific research skills while
contributing to the academic literature.
Moreover, residency theses carry significant
potential to enrich the medical literature.
Thesis data serve as valuable resources for
evaluating research trends, knowledge gaps,
and academic productivity; their bibliomet-
ric analysis is therefore critical for scientific
guidance.*

In recent years, bibliometric analyses of
residency theses in various medical spe-
cialties have been conducted in Tirkiye.*®
However, as of February 2025-when this
study was initiated-no such study specific
to the field of radiology had been identified.
In this regard, our study represents the first
bibliometric analysis of radiology residency
theses in Turkiye.

Methods

This retrospective and descriptive study
examined the bibliometric characteristics
of radiology residency theses in Turkiye, as
well as their publication rates in peer-re-
viewed journals. Theses were retrieved from
the online database of the National Thesis
Center of the Council of Higher Education
of Turkiye.” During the search process,
“medical residency thesis” was selected as
the thesis type, and both “Radiology” and
“Radiodiagnostics” were selected separate-
ly as the department fields. Records from
all available years were included without

* Approximately 37% of radiology residency
theses in Turkiye have been published in
peer-reviewed journals, with 20.8% appear-
ing in Science Citation Index Expanded (SCI-
E)-indexed journals.

* More than half of these SCIE publications
were in lower-quartile (Q3-Q4) journals.

* Publication performance has significantly
improved over time, with higher publication
rates and shorter time to publication.

applying a date restriction. Theses with in-
complete data or access restrictions, as well
as those belonging to other specialties but
erroneously categorized under radiology
due to user error, were excluded from the
study. Additionally, based on the assump-
tion that the conversion of a thesis into a
publication generally requires a minimum
of 6 months, theses dated January 2025
and later were excluded. As a result, a total
of 3,136 theses were included in the final
analysis (Figure 1).

For each thesis, variables such as the title,
gender of the author, gender and academic
title of the advisor, number of pages, year of
publication, name and type of institution,
number of advisors, study type, and sample
size were recorded. In cases of dual supervi-
sion, the advisor with the higher academic
title was considered the primary advisor.

Thesis topics were categorized into 14
subgroups based on the subject areas de-
fined with reference to the Education and
Scientific Research Groups of the Turkish So-
ciety of Radiology (TSR):" Neuroradiology,
Head and Neck Radiology, Musculoskeletal
Radiology, Breast Radiology, Thoracic Radi-
ology, Abdominal Radiology, Genitourinary
Radiology, Interventional Radiology, Cardi-
ovascular Radiology, Imaging Physics and
Radiation Safety, Obstetric Radiology, Emer-
gency Radiology, Pediatric Radiology, and
Other (for theses not falling into the afore-
mentioned 13 groups). The classification of
the theses into subgroups was performed

Total number of theses
(n=3,634)

Final study sample
(n=3,136)

by a team of two radiology consultants, and
consensus was achieved in all evaluations.

For each thesis, its status of publication as
an original research article was investigated.
Conference presentations and abstracts were
excluded due to systematic accessibility limi-
tations and lack of alignment with the study’s
objectives. Searches were conducted using
the names of the thesis author and advisor,
along with relevant keywords, across multi-
ple databases and platforms: Google, Google
Scholar, PubMed, Web of Science (WoS), and
TR Index (a national citation index for Turkish
academic journals).""* Additionally, Dergi-
Park, an academic publication platform based
in Turkiye, was included in the screening
process.'® When a corresponding article was
identified, the following data were recorded:
article title, name of the journal, country of
publication, year of publication, identity of the
first author (i.e, whether the thesis author),
number of citations (according to Google
Scholar and PubMed), and the indexing status.
The indexing status was determined based on
how the journal was indexed at the time of ar-
ticle publication. Furthermore, the number of
days between the thesis completion date and
the article publication date was calculated to
determine the time to publication.

Publications were classified into the fol-
lowing five categories based on the indexing
status of the journals:

1. Journals indexed in the Science Citation
Index Expanded (SCIE)

Missing information or restricted

access
(n=464)

Misclassified under Radiology
(n=12)

Theses 2 January 2025
(n=22)

Figure 1. Flowchart illustrating the selection process of radiology residency theses included in the study.
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2. Journals indexed in the Emerging
Sources Citation Index (ESCI)

3. Other internationally indexed journals
not listed in WoS

4. National peer-reviewed journals in-
dexed in TR Index

5. Other national peer-reviewed journals
not indexed in TR Index

Note: Currently, the WoS platform in-
cludes only the SCIE category. Journals previ-
ously categorized under the Science Citation
Index are now considered part of the SCIE.

If a journal was indexed in more than one
database, it was classified only under the
highest-ranking category according to the
predefined hierarchy. Accordingly, journals
indexed in both TR Index and ESCI were clas-
sified under ESCl only, while those indexed in
both TR Index and SCIE were classified under
SCIE only.

For publications in the SCIE category,
the Journal Impact Factor quartile ranking
(Q1-Q4) was determined using the Journal
Citation Reports database provided by Clari-
vate’s WoS."” These rankings were recorded
based on the year in which the article was
published.

Ethical approval for the study was ob-
tained from the izmir Katip Celebi Univer-
sity Ethics Committee (date: January 16,
2025; decision no: 0014). This study did not
involve any patient data or human partici-
pants; therefore, informed consent was not
required.

Statistical analysis

Statistical analyses were performed using
IBM SPSS Statistics version 25.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were
reported as mean, median, standard devi-
ation, and minimum-maximum values for
continuous variables, and as frequencies and
percentages for categorical variables. The
Shapiro-Wilk test was used to assess the dis-
tribution characteristics of continuous varia-
bles. For data that did not show a normal dis-
tribution, non-parametric tests were applied.
The chi-squared test was used to evaluate
associations between categorical variables.
For comparisons between two independent
groups with non-normally distributed contin-
uous data, the Mann-Whitney U test was used;
for comparisons among three or more groups,
the Kruskal-Wallis H test was employed. In
cases where the Kruskal-Wallis test indicated
statistical significance, Bonferroni-corrected
post-hoc Mann-Whitney U tests were con-

ducted to determine pairwise differences. The
Z-test for proportions was used for pairwise
comparison of proportions and to identify
which groups differed in chi-squared analyses
with significant results. The annual number of
theses was analyzed using Poisson regression,
and the probability of publication according
to thesis year was assessed using binary logis-
tic regression. A P value of <0.05 was consid-
ered statistically significant in all tests.

Results

The majority of the 3,136 radiology resi-
dency theses were conducted at university
hospitals (83.1%) and under the supervision
of professors (45.8%). A total of 84 theses
were supervised by two advisors. Additional
descriptive characteristics are presented in
Table 1.

A statistically significant increase in the
number of radiology residency theses was
observed after the year 2000 (P < 0.001),
with the highest number recorded in 2010
(n = 198) (Figure 2). Among thesis topics,
neuroradiology (16.0%), abdominal radiol-
ogy (13.3%), and interventional radiology
(12.4%) were the most frequently selected
fields, whereas imaging physics and radi-
ation safety (1.6%) was the least preferred
(Figure 3). The distribution of topics by year
is detailed in Figure 4.

Out of the 3,136 radiology residency the-
ses, 1,165 (37.1%) were found to have been
published as scientific articles in national or

international peer-reviewed journals. Among
all theses, the publication rate in journals in-
dexed in the SCIE was 20.8% (n = 651). How-
ever, when considering only the published
articles, more than half (55.9%) appeared in
SCIE-indexed journals, and 39.2% of these
were published in journals classified under
the Q3 and Q4 quartiles (Table 2).

The most frequently published-in journals
were Diagnostic and Interventional Radiology
(7.0%) and the European Journal of Radiol-
ogy (4.2%), and the detailed distribution of
journals is provided in Supplementary Table
1. The time from thesis completion to publi-
cation ranged from 151 to 11,680 days, with
a median of 1,300 days [interquartile range
(IQR): 826-2,106]. The mean time was 1,662.6
+ 1,270.2 days. The number of citations per
publication ranged from 0 to 416, with a me-
dian of 3 (IQR: 0-17). The mean number of
citations was 14.7 + 30.2. In the vast majority
of published articles (76.4%, n = 890), the first
author was the residency student; in contrast,
thesis advisors and other researchers were
listed as first authors in 12.9% (n = 150) and
10.7% (n = 125) of publications, respectively.

The rate at which theses were converted
into publications showed an upward trend,
particularly after the year 2000, with a statis-
tically significant increase in the probability
of publication over time (P = 0.045) (Figure
5). Similarly, the time to publication signif-
icantly decreased over the years (P < 0.001)
(Figure 6). The publication rates of theses
varied across different radiology subspe-

Table 1. Descriptive characteristics of radiology residency theses (n = 3,136)

Category n (%)
Male 1,977 (63.1%)
Resident gender
Female 1,159 (36.9%)
Male 2,187 (69.8%)
Supervisor gender
Female 949 (30.2%)
Professor 1,437 (45.8%)

Associate professor

Academic titles of supervisors

1,047 (33.4%)

Assistant professor 498 (15.9%)
Consultant 154 (4.9%)

M University hospital 2,605 (83.1%)
Training and research hospital 531 (16.9%)

Retrospective 2,718 (86.7%)
Study design Prospective 409 (13.0%)

Other (e.g., experimental) 9(0.3%)
Page count Mean + SD (min-max) 774+ 229 (28-226)

1-50 patients

Number of patients per thesis

>101 patients

51-100 patients

1,129 (36.1%)
791 (25.3%)
1,208 (38.6%)

SD, standard deviation; min, minimum; max, maximum.
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cialties. The highest publication rate was
observed in the field of imaging physics and
radiation safety (51.0%), followed by abdom-
inal radiology (40.4%) and musculoskeletal
radiology (40.3%). In contrast, the lowest
publication rates were recorded in breast ra-
diology (32.6%), thoracic radiology (33.2%),
and obstetric radiology (34.0%) (Table 3).

800
700
600 [
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400

Number of Theses

200

100

No statistically significant relationship was
found between thesis topic and publication
rate, number of citations, or time to publica-
tion (P = 0.296, P = 0.842, and P = 0.280, re-
spectively) (Table 3). Since the overall group
differences were not statistically significant,
no post hoc comparisons were performed
for these analyses.

There were no significant differences in
publication rate (P = 0.537) or citation count
(P = 0.089) based on the gender of the res-
idency student. However, the time to pub-
lication was significantly longer for theses
authored by female residents than by their
male counterparts (P < 0.001).

alll

1971-1989
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1995-1999 2000-2004 2005-2009 2010-2014 2015-2019 2020-2024

Year Range

Figure 2. Distribution of radiology residency theses by year range. The number of theses shows a marked increase starting from the 2000s, with the highest number

of theses observed during the 2010-2014 period.
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Figure 3. Distribution of radiology residency theses by subspecialty area. One thesis categorized as “Other” was excluded for visual clarity. The data cover the entire

period of 1971-2024.
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Figure 4. Temporal distribution of radiology residency thesis topics by 5-year intervals. The chart illustrates the proportional representation (%) of each subspecialty
area between 1971 and 2024. Neuroradiology and abdominal radiology have consistently remained among the most frequently studied fields, whereas topics such
as imaging physics and radiation safety, emergency radiology, and obstetric radiology have maintained relatively low proportions across all periods.
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Figure 5. Article publication rates of radiology residency theses by year (1971-2024). Years indicate the thesis completion year. Percentages represent the proportion
of theses that were published as journal articles.
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Figure 6. Time to conversion into a published article by thesis year. Each dot represents a thesis that was
eventually published as a journal article. The red regression line indicates a statistically significant decrease
in time to publication over the years (8 =-58.1; P < 0.001).

Table 2. Journal index and quartile distribution of published theses

Journal index
SCIE
Q1
Q2
Q3
Q4
ESCI
TR Index
Other international
Other national

Total

n %
651 55.9%
53 4.6%
141 12.1%
222 19.1%
234 20.1%
135 11.6%
235 20.2%
31 2.7%
113 9.7%
1,165 100%

SCIE, Science Citation Index Expanded; ESCI, Emerging Sources Citation Index; TR Index, a national database of
scholarly journals published in Tiirkiye, maintained by ULAKBIM (Turkish Academic Network and Information
Center), and often referred to as TR Dizin; Other international, International peer-reviewed journals that are not
indexed in Web of Science Core Collection (i.e., not included in SCIE or ESCI); Other national, peer-reviewed Turkish
journals that are not indexed in TR Index; Q1-Q4, Journal Impact Factor-based quartile rankings within SCIE-indexed

journals, as defined by Web of Science.

Note: One SCIE-indexed article published in 1996 was not assigned a quartile rank, as journal quartile data were

introduced by Web of Science starting in 1997.

No significant differences were observed
in publication rate, citation count, or time to
publication based on the gender of the the-
sis advisor (Table 3). Similarly, there were no
statistically significant differences in citation
count (P = 0.322) or time to publication (P =
0.057) according to the academic title of the
advisor. However, a statistically significant
difference was found in publication rates
based on the advisor’s academic title (P =
0.013). The highest publication rate (43.0%)
was observed in theses supervised by ad-
visors with the title of assistant professor,
which was significantly higher than those
supervised by professors (P = 0.001) and as-
sociate professors (P = 0.041). No significant

differences were observed between assistant
professors and consultants (P = 0.243), or
among the other group pairs, including pro-
fessor versus associate professor (P = 0.160),
professor versus consultant (P = 0.479), or
associate professor versus consultant (P =
0.976).

No statistically significant differences
were found in publication rate (P = 0.539)
or time to publication (P = 0.659) based on
the type of institution. However, when cita-
tion counts were compared, publications
originating from universities had significant-
ly higher citation numbers than those from
training and research hospitals (P < 0.001)
(Table 3).
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Among the theses that were converted
into publications, the rate of publication
in SCIE-indexed journals was 50.8% when
the residency student was the first author,
whereas this rate was higher for publica-
tions where the advisor (74.7%) or another
researcher (69.6%) was the first author. A
statistically significant difference was found
between groups when comparing SCIE pub-
lication rates according to first authorship
status (P < 0.001). Articles with the advisor
or another researcher as the first author were
significantly more likely to be published in
SCIE-indexed journals than those authored
by the residency student (P < 0.001 for both
comparisons). No significant difference was
found between publications with the advisor
versus another researcher as first author (P =
0.349).

Articles with the advisor or another re-
searcher as the first author received signifi-
cantly more citations than those authored
by the residency student (P < 0.001 for both
comparisons), with no significant difference
between the advisor and other researcher
groups (P = 1.000).

Time to publication also differed signifi-
cantly among the groups (P < 0.001); publi-
cations first-authored by the residency stu-
dent had a longer time to publication than
those authored by the advisor (P < 0.001) or
another researcher (P < 0.001). No significant
difference was observed between the advi-
sor and other researcher groups (P =0.101).

Discussion

This bibliometric analysis is the first com-
prehensive study to evaluate the publication
rates and academic characteristics of medi-
cal residency theses in the field of radiology
in Tirkiye. By examining all radiology theses
available in the National Thesis Center data-
base, the study systematically identified the
factors influencing the publication process.

The finding that the majority of the-
ses were conducted in university hospitals
(83.1%) and primarily under the supervision
of professors (45.8%) and associate profes-
sors (33.4%) is consistent with trends ob-
served in other medical specialties.*”'® This
distribution may be related to the number of
residency students in these institutions and
the academic experience of the advisors.

A marked increase in the number of radi-
ology residency theses has been observed,
particularly since the 2000s, which is asso-
ciated with the expansion of radiology resi-
dency quotas in Tirkiye (e.g., from 38 posi-
tions in 2008 to 105 in 2018)." Considering
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Table 3. Publication rate, citation count, and time to publication by demographic and institutional variables

Variable Category Publication rate (%) Citations median (IQR) Time to publication (days); median (IQR)
Male 37.6 (743/1,977) 3(0-15) 1,247 (777-1,984)
Resident gender Female 36.4 (422/1,159) 4 (0-20) 1,461 (933-2,329)
P P=0.537 P =0.089 P <0.001
Male 37.0(810/2,187) 4(0-18) 1,289 (791-2,029)
Supervisor gender Female 37.4 (355/949) 3(0-14) 1,339 (872-2,274)
P P=0.875 P=0.224 P=0.159
Professor 34.8 (500/1,437) 4(0-17) 1,308 (837-2,099)
Assoc. Prof. 37.5(393/1,047) 3(0-19) 1,316 (832-2,176)
Titles of Asst. Prof. 43.0 (214/498) 2(0-14) 1,166 (787-1,836)
supervisors
Consultant 37.7 (58/154) 2.5(0.25-18) 1,547 (900-2,822)
P P=0.013* P=0.322 P=0.057
University 36.9 (961/2,605) 4 (0-18) 1,294 (838-2,071)
Institution type TRH 38.4 (204/531) 1(0-9) 1,309 (792-2,218)
P P=0.539 P <0.001 P=0.659
Neuroradiology 34.7 (174/501) 4 (0-15.5) 1,416 (794-2,192)
Head and neck 37.6 (96/255) 4(0-18) 1,304 (767-2,146)
Musculoskeletal 40.3 (114/283) 2.5 (0-15.75) 1,299 (901-2,249)
Breast 32.6 (94/288) 3.5(0-15.75) 1,254 (930-2,034)
Thoracic 33.2(71/214) 2(0-10) 1,322 (835-2,069)
Abdominal 40.4 (168/416) 4 (0-14.25) 1,249 (814-2,004)
Thesis topic Genitourinary 34.8 (114/328) 5(0-24.75) 1,220 (732-1,639)
Interventional 38.9(151/388) 3(0-19) 1,461 (974-2,512)
Cardiovascular 39.9 (63/158) 3(0-14) 1,236 (790-2,267)
Physics and radiation safety 51.0 (25/49) 3(0-11) 974 (780-1,978)
Obstetric 34.0 (17/50) 2 (0-5) 1,698 (1,034-2,192)
Emergency 40.0 (26/65) 5(0.25-20) 1,488 (1,113-1,697)
Pediatric 37.1(52/140) 4 (0-21.25) 1,200 (716-1,910)
P P=0.296 P=0.842 P=0.280
Resident = 2(0-11) 1,430 (882-2,300)
First author identity Supervisor - 17 (3-35) 916 (638-1,393)
Other researcher - 12 (3-40) 1,072 (700-1,734)
P P <0.001* P <0.001*

Note: *Post-hoc pairwise tests were conducted for these variables (see Results section for details). The “Publication rate (%)” column includes all theses, while the “Citations” and
“Time to publication” columns reflect data derived exclusively from published theses. Assoc. Prof., Associate professor; Asst. Prof., Assistant professor; TRH, training and research

hospital; IQR, interquartile range.

that residency training lasts 5 years, the sev-
enfold increase in quotas after 2022 is also
expected to be reflected in the number of
theses in the coming years.

In our study, the most frequently select-
ed fields for radiology residency theses were
neuroradiology (16.0%), abdominal radiol-
ogy (13.3%), and interventional radiology
(12.4%). This trend largely aligns with the ac-
ademic and clinical areas of interest report-
ed in the literature. Among the most highly
cited radiology articles, neuroradiology has
been identified as the most commonly rep-
resented subspecialty.?’ A similar distribution
has been observed in resident preferences in

the United Kingdom and in Oral Presenta-
tions at National Radiology Congresses in
Turkiye.?'?? According to the residency train-
ing curriculum of the Qualification Board of
the TSR, these three subspecialties collec-
tively account for 15 months of training du-
ration.® The broad patient population, di-
versity of imaging techniques, and extended
allocated training time may explain the high
preference rates for these fields.

In contrast, subspecialties such as imag-
ing physics and radiation safety and obstetric
radiology were represented in only 1.6% of
the theses. The low number of theses in the
field of imaging physics and radiation safe-

ty in Turkiye is concerning, especially given
the reported deficiencies in radiation safety
knowledge among radiology personnel and
the fundamental importance of physics for
image quality.>** This limited representation
may be attributed to residents’ tendency to
focus on clinically oriented fields and the rel-
atively low level of academic interest in these
topics. Considering the existing knowledge
gaps and shortcomings in radiation safety
practices in Tirkiye, promoting more thesis
work in this area is crucial for both optimiz-
ing clinical practice and enhancing the qual-
ity of training.
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The low proportion of theses in obstetric
radiology may be attributed to several fac-
tors previously described in the literature, in-
cluding insufficient training duration, limited
theoretical content, and a lack of hands-on
experience in this field.?*?” In addition, ob-
stetric imaging in Tirkiye is predominantly
performed by obstetricians, which may re-
duce radiology residents’ exposure to this
subspecialty and, consequently, their mo-
tivation to pursue thesis work in this area.
Improving the educational and clinical infra-
structure in obstetric radiology could help
enhance both care quality and academic en-
gagement in the field.

In our study, 37.1% of radiology residen-
cy theses were found to have been pub-
lished in national or international peer-re-
viewed journals, and 20.8% of all theses
were published in journals indexed in the
SCIE. When compared with studies conduct-
ed in other medical specialties in Turkiye,
these rates are higher than those reported
in fields such as anesthesiology,’ general
surgery,? public health,? family medicine,*
physical medicine and rehabilitation,* and
emergency medicine,* however, they are
lower than those in thoracic surgery,*® child
and adolescent psychiatry,** and endocri-
nology.* In neurosurgery, reported publica-
tion rates have ranged between 26.8% and
37.9%.3%% Such variation, observed both
across different specialties and within the
same specialty, may be attributed to dif-
ferences in study periods, indexing criteria,
and overall methodological designs. A sim-
ilar pattern is also observed across medical
specialties in terms of SCIE publication rates
(Table 4).72%38 These findings suggest that,
in terms of publication output, radiology

theses in Tiirkiye occupy an upper-interme-
diate position among medical specialties.
However, the majority of radiology theses
published in SCIE-indexed journals (456
out of 651) appeared in journals ranked in
the lower quartiles, specifically Q3 and Q4,
in terms of impact factor. The literature em-
phasizes that experimental and prospective
studies not only tend to have higher pub-
lication rates but are also more likely to be
published in higher-impact and more pres-
tigious journals.?* In this context, the fact
that 86.7% of theses had a retrospective
design highlights the need to encourage
prospective and methodologically stronger
studies. Nevertheless, well-designed retro-
spective studies can also make significant
contributions, particularly in data-rich fields,
such as radiology. To improve publication
quality, not only the study design but also
methodological rigor is a key determinant.

The publication process in high-impact
journals is shaped not only by scientific con-
tent but also by structural and economic
factors. It has been reported that Turkish re-
searchers place importance on journal pres-
tige, yet high article processing charges pose
a significant challenge.”® This financial barri-
er may lead some authors to prefer journals
with lower impact factors.

The study demonstrated a statistically sig-
nificant increase over time in the rate of the-
sis-to-article conversion, alongside a signifi-
cant decrease in the time interval between
thesis completion and article publication. In
the study by Ozgen et al.,*, which covered
the period 1980-2005, the publication rate
of radiology theses in SCIE-indexed journals
was reported as 6.3%, whereas in our study
(covering 1971-2024), this rate increased to

20.8%. This finding indicates a substantial
improvement in the publication potential of
radiology theses over time.

Similarly, Akpinar and Karcaaltincaba* re-
ported an increase in Turkish radiology pub-
lications after the year 2000 in their study
covering the period 1945-2008. This trend
may be associated with the updated aca-
demic promotion criteria established by the
Council of Higher Education.?®* In particular,
the increased academic credit awarded for
publications in internationally indexed jour-
nals, such as those in the SCIE, has become
a motivating factor for both advisors and
residency students to publish their theses.
However, the contribution of alternative in-
dexing platforms should also be acknowl-
edged. In our study, TR Index was the sec-
ond most common indexing source among
published theses, accounting for 20.2% of all
publications. Additionally, 11.6% of the pub-
lications appeared in journals indexed in the
ESCI, a component of the WoS that includes
newer or regionally focused journals. These
results suggest that both national (TR Index)
and secondary international platforms (ESCI)
can provide useful publication avenues, par-
ticularly for researchers in the early stages of
their academic careers or working with limit-
ed resources.

In our study, the highest publication rate
was observed in the field of imaging physics
and radiation safety (51.0%), whereas lower
rates were noted in breast radiology (32.6%),
thoracic radiology (33.2%), and neuroradiol-
ogy (34.7%). Although neuroradiology was
the most frequently selected thesis topic, its
publication rate remained relatively limited.
In contrast, a study investigating the publi-
cation outcomes of presentations from the

Table 4. Publication rates and Science Citation Index Expanded (SCIE)-indexed publication rates of residency theses in various medical

specialties in Turkiye

Publication rate (%)

SCIE-indexed publication rate (%)

Study Specialty Years evaluated
Ferhatoglu et al.?® General surgery 1998-2018
Glcetal’ Anesthesiology 1970-2016
Bahadir and Basar*® Neurosurgery 2015-2019
Bahadir and Luleci® Public health 1973-2022
Karakullukcu and Ardig* Family medicine 2000-2020
Yilmaz et al.>' Physical medicine and rehabilitation 2010-2020
Ozturan and Sarbay?? Emergency medicine 1998-2021
Current study Radiology 1971-2024
Sarica and Aksu Sayman?’ Neurosurgery 2000-2017
Sarbay* Thoracic surgery 2001-2019
Sipahi et al.?® Microbiology & infectious diseases 1997-2007
Usta and Sahin®* Child and adolescent psychiatry 1997-2017
Tura Bahadir and Yilmaz* Endocrinology 1980-2023
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20.5 14.4
25.7 113
26.8 -
29.2 <9
28.1 5.6
343 245
35.5 18
37.1 20.8
37.9 36.2
385 20.7
- 11.4
50.6 407
51.3 386
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European Congress of Radiology reported
higher publication rates for breast radiology
(50%) and thoracic radiology (58%) than for
radiologic physics (30%).* This discrepancy
may stem from differences in study meth-
odology, time periods covered, and research
types. Although congress presentations
typically originate from more recent and
shorter-term projects, theses usually involve
longer research timelines, and their conver-
sion into publications may vary depending
on individual and institutional factors.

In our study, no statistically significant dif-
ferences were found between the gender of
the residency student and publication rate
or citation count. However, the time to pub-
lication was significantly longer for female
authors than for their male counterparts.
Similarly, studies conducted in the fields of
psychiatry and ophthalmology have also re-
ported that female researchers face greater
challenges in the publication process.*#¢

The highest publication rate (43.0%) was
observed in theses supervised by assistant
professors, whereas the lowest rate (34.8%)
was found in those supervised by professors.
Additionally, the shortest time to publication
was noted in theses conducted under the su-
pervision of assistant professors. This finding
contrasts with the common assumption that
professors, due to their greater academic ex-
perience, tend to produce more publications.
Although a study conducted in the field of
neurosurgery reported no significant differ-
ence in publication rates based on advisor
academic title, similar findings to ours have
been documented in other specialties, such
as anesthesiology, otorhinolaryngology, and
plastic surgery, where theses supervised by
assistant professors were more frequently
published and converted into articles in a
shorter time frame.”?%*° This may be relat-
ed to the increased contribution of faculty
members who are in the process of academ-
ic advancement and are therefore more en-
gaged in the publication process.

In our study, no statistically significant
differences were found between institution
type and either publication rate or time to
publication. However, publications originat-
ing from universities received significantly
more citations than those from training and
research hospitals.

The literature indicates that this relation-
ship varies by specialty; in some fields, uni-
versities (e.g., emergency medicine) demon-
strate greater publication success, whereas
in others, training and research hospitals
(e.g., endocrinology, cardiovascular surgery)

perform better.32*3%* These findings indicate
that, although publication rates were sim-
ilar, the higher citation impact of universi-
ty-based theses is particularly noteworthy.
This highlights the need for strategies that
aim not only to increase the number of pub-
lications but also to enhance their scientific
impact. To achieve this, it is essential for in-
stitutions to develop policies that strengthen
research infrastructure and improve academ-
ic visibility.

In our study, the identity of the first author
was found to influence publication success in
the thesis-to-article conversion process. Pub-
lications in which the first author was some-
one other than the thesis student—either
another researcher or the advisor—were
more frequently published in higher-impact
journals, received more citations, and were
published in a shorter time. This may be at-
tributed to the academic writing experience,
knowledge of journal selection, and process
management skills of these individuals. In
our study, the thesis student was the first au-
thor in 76.4% of the published articles, a rate
that is comparable with those reported in
other medical specialties.”* This finding sug-
gests that radiology residents are actively in-
volved in the publication process. However,
the extended time to publication indicates
that students may require greater support
from their advisors, particularly in areas such
as academic writing, journal selection, and
publication management.

This study has several limitations. Since
the thesis-to-publication status was investi-
gated solely through online databases, some
articles, particularly those published in lo-
cal or low-visibility journals, may have been
missed. Although multiple platforms were
used for the screening process (e.g., Google
Scholar, PubMed, and WOS), certain major
databases, such as Scopus, were not sepa-
rately queried. Although there is substantial
overlap between Scopus and the databases
already utilized, publications indexed exclu-
sively in Scopus and not visible in the other
sources may have been inadvertently over-
looked. The thesis-article linkage was based
on name and content similarity, as direct
verification was not feasible, which may have
led to occasional mismatches. Conference
abstracts, proceedings, and book chapters
were excluded. Due to the time-dependent
nature of citation counts, the data—espe-
cially for recently published articles—repre-
sent only a snapshot and may underestimate
long-term citation impact. Both our findings
and previous studies indicate that the pro-
cess of converting a thesis into a journal ar-

ticle typically takes >2 years. Therefore, some
of the theses completed in 2023 and 2024
may not yet have been published. This may
have led to an underestimation of recent
publication rates and should be considered
an important limitation of our study. Finally,
the study included only theses available in
the National Thesis Center of the Council of
Higher Education; inaccessible or externally
archived theses were not evaluated. Despite
these limitations, this study represents the
first comprehensive bibliometric analysis to
evaluate systematically the publication out-
comes of radiology residency theses in Tiirki-
ye and offers valuable academic insights into
the field.

In conclusion, certain subspecialty areas
were more frequently chosen as thesis topics,
whereas others remained underrepresented.
Approximately one-third of the theses were
published in peer-reviewed journals, with a
substantial proportion appearing in journals
indexed by the SCIE. The increasing publica-
tion rates and the decreasing time to pub-
lication over the years highlight a growing
trend of academic productivity during resi-
dency training. To sustain this progress, it is
essential to promote effective mentorship
practices, provide structured training on the
publication process for early-career research-
ers, and strengthen institutional research in-
frastructure. Ultimately, a holistic approach
should be adopted in which residency theses
are regarded not merely as a graduation re-
quirement but as an integral part of academ-
ic research.
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Supplementary Table 1. Most common journals publishing radiology residency theses

Journal name Number of articles Percentage (%) JIF Index Country
Diagnostic and Interventional Radiology 81 7.0 1.4 SCIE Turkiye
European Journal of Radiology 49 4.2 3.2 SCIE Ireland
Acta Radiologica 25 2.1 1.1 SCIE England
Journal of Ultrasound in Medicine 23 2.0 2.1 SCIE USA
Polish Journal of Radiology 23 2.0 0.9 ESCI Poland
Clinical Imaging 21 1.8 1.8 SCIE USA
Cukurova Medical Journal 16 1.4 0.3 ESCI Turkiye
Neuroradiology 15 13 24 SCIE Germany
American Journal of Neuroradiology 15 13 3.1 SCIE USA
Turkish Journal of Medical Sciences 14 1.2 1.2 SCIE Turkiye
Journal of Clinical Ultrasound 13 1.1 1.2 SCIE USA
European Radiology 13 1.1 4.7 SCIE Germany
Dicle Medical Journal 13 1.1 - TR Index Turkiye
Ultrasound Quarterly 13 1.1 0.9 SCIE USA
Journal of Computer Assisted Tomography 13 1.1 1.0 SCIE USA
Abdominal Radiology 12 1.0 23 SCIE USA
American Journal of Roentgenology 12 1.0 4.7 SCIE USA
Surgical and Radiologic Anatomy 10 0.9 1.2 SCIE France
Japanese Journal of Radiology 10 0.9 29 SCIE Japan
Journal of Harran University Medical Faculty 10 0.9 - TR Index Turkiye
Iranian Journal of Radiology 10 0.9 0.2 SCIE Iran
Ortadogu Medical Journal 10 0.9 - TR Index Turkiye
JBR-BTR, Journal of the Belgian Society of Radiology* 10 0.9 1.0 SCIE Belgium
gzireo'z::n Review for Medical and Pharmacological 9 08 33 SCIE el
Balkan Medical Journal 9 0.8 1.9 SCIE Turkiye
Medical Bulletin of Sisli Etfal Hospital 9 0.8 1.0 ESCI Tirkiye
Others (<9) 698 59.8 - - -
Total 1,165 100 - - -

JIF, Journal Impact Factor; SCIE, Science Citation Index Expanded; ESCI, Emerging Sources Citation Index; TR Index, a national database of scholarly journals published in Turkiye,
maintained by ULAKBIM (Turkish Academic Network and Information Center), and often referred to as TR Dizin.

*JBR-BTR changed its name to Journal of the Belgian Society of Radiology in 2016. Data for both titles were combined as they represent the same journal continuum.

Note: Journal indexes presented in this table reflect their most current status. The Journal Impact Factor values listed here are for descriptive purposes only and correspond to the
year 2023. For the primary bibliometric analysis, both indexing status and JIF quartile rankings (Q1-Q4) were based on the journal’s classification in the year of article publication,
as detailed in the Methods section.
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Normal physiological variants and benign conditions in pelvic oncologic
fluorodeoxyglucose positron emission tomography/magnetic
resonance imaging

Ayse Erden’
Digdem Kuru Oz! ABSTRACT
Nu riye Ozlem Kiict k2 Fluorodeoxyglucose (FDG) positron emission tomography (PET)/magnetic resonance imaging
(MRI) is an advanced hybrid imaging modality that holds substantial promise in oncologic imaging.
FDG PET, a well-established molecular imaging technique, enables assessment of tumor glucose
TAnkara University Faculty of Medicine, Department metabolism and is widely utilized for diagnosing and monitoring a range of malignancies; MRI of-
of Radiology, Ankara, Turkiye fers superior soft tissue contrast, facilitating precise anatomical localization of PET findings. This pic-
2Ankara University Faculty of Medicine, Department torial essay presents a series of physiological FDG uptake variants observed in the uterus, fallopian
of Nuclear Medicine, Ankara, Tiirkiye tubes, ovaries, colon, internal anal sphincter, pelvic musculature, and bone marrow. Additionally, it

highlights benign conditions such as uterine tumors, vaginal condyloma acuminatum, and infected
Bartholin cysts that may exhibit FDG uptake and potentially mimic malignancy. The essay also illus-
trates FDG-avid post-treatment changes and various infectious and inflammatory lesions such as
osteitis pubis, perianal fistulas, and pelvic abscesses that may complicate oncologic interpretation.

KEYWORDS
Benign, bone marrow, bowel, fallopian tube, false positive results, inflammation, magnetic reso-
nance imaging, ovary, positron emission tomography, radiation therapy, uterus

ositron emission tomography (PET) combined with magnetic resonance imaging (MRI)

using fluorodeoxyglucose (FDG) is a promising hybrid imaging tool for evaluating gyne-

cologic and genitourinary malignancies. It has a potential pivotal role in staging, treat-
ment planning, recurrence detection, and prognosis assessment. However, interpreting pel-
vic PET/MRI is often challenging due to physiological uptake patterns and benign mimickers
that may resemble pathology. In this pictorial essay, we aim to illustrate incidental FDG uptake
in various pelvic structures encountered during routine oncologic PET/MRI examinations.

Normal Physiological Variants

Physiological uptake of FDG in the uterus, fallopian tubes, and ovaries is a common finding
on FDG PET/computed tomography (CT), particularly in premenopausal women, and may
mimic pathological processes if not carefully interpreted.
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In postmenopausal women, endome-
trial FDG uptake is typically low. Any focal
or intense uptake in this age group should
prompt further investigation.

Physiological uptake in fallopian tubes

Studies performed with PET/CT demon-
strate that the fallopian tubes may exhibit
physiological FDG uptake, particularly in pre-
menopausal women. In a study by Yun et al.,?
bilateral tubal FDG activity was observed in
8.8% of women aged <53 years, most com-
monly during the mid-menstrual cycle. The
uptake appears as tubular, comma-, or tad-
pole-shaped foci adjacent to the ovaries, cor-
responding to fallopian tube anatomy.

MRI coregistration and analysis of mor-
phologic features and symmetry can aid
differentiation (Figure 2). In the absence
of corresponding structural abnormalities
or clinical suspicion, further investigations
are usually unnecessary. Misinterpretation
of tubal uptake as peritoneal implants, en-
larged lymph nodes, or adnexal malignancy
may lead to unwarranted procedures.

Physiological ovarian uptake

Ovarian FDG uptake fluctuates with the
menstrual cycle. A common physiological
variant is FDG accumulation in the corpus lu-
teum during the luteal phase. The corpus lu-

* Physiological fluorodeoxyglucose (FDG)
uptake is frequently observed, particularly
in the uterine cavity, fallopian tubes, corpus
luteum, colon, and the distal internal anal
sphincter.

* Benign processes and post-treatment
changes with FDG uptake can result in
false-positive interpretations during posi-
tron emission tomography/magnetic reso-
nance imaging for oncologic evaluation.

* Increased FDG uptake can be seen in con-
ditions such as perianal fistulas, vaginal
condyloma acuminatum, infected Bartholin
cysts, osteitis pubis, and inflammatory bow-
el disease.

+ Diffuse or asymmetrical FDG uptake may be
present in pelvic muscles following insulin
administration or strenuous physical activ-
ity.

* Physiological FDG accumulation in the sig-
moid colon and rectum varies among indi-
viduals and may be increased in patients on
metformin therapy, potentially complicat-
ing colorectal cancer assessment.

82 « January 2026 - Diagnostic and Interventional Radiology

Figure 1. Menstrual endometrial uptake. The coronal T2-weighted image (a) shows the endometrial cavity
containing hypointense blood products (arrow). The coronal maximum intensity projection fluorodeox-
yglucose (FDG) positron emission tomography (PET) (b) and coronal fused PET/magnetic resonance (c)
images demonstrate increased FDG uptake in the endometrium (arrows), consistent with menstruation-re-
lated physiological activity in a 41-year-old premenopausal woman.

Figure 2. Physiological fluorodeoxyglucose (FDG) uptake in fallopian tubes. The coronal T2-weighted image
(a) shows bilateral fallopian tubes (arrows). The coronal positron emission tomography (PET) (b) and coronal
fused PET/magnetic resonance images (MRI) (c) show increased comma- or tadpole-shaped FDG uptake in
both fallopian tubes (arrows). The arrow on the left indicates to intramural (interstitial) part of the left tube.
The coronal PET (d) and coronal fused PET/MRI (e) show increased FDG uptake in the ampullar part of the
left fallopian tube (arrows) that forms a curve over and around the ovary.

Erden et al.



teum, a transient endocrine structure formed
post-ovulation, produces progesterone and
may demonstrate moderate FDG avidity.'*>

This uptake typically appears as a unilater-
al, focal, rounded lesion (Figure 3). Although
it may mimic malignancy, it is transient and
usually resolves in subsequent cycle phases.
Correlation with MRI can clarify the nature
of the lesion, as corpus luteum cysts appear
as unilocular structures (1-3 cm) with thick,
crenulated enhancing walls. Presence of
blood products may cause signal heteroge-
neity in the corpus luteum.'**>

Physiological bowel activity on fluorodeox-
yglucose positron emission tomography/
magnetic resonance imaging

FDG accumulation is frequently observed
in the colon and rectum, typically in a dif-
fuse, linear pattern (Figure 4).° However, focal
or segmental uptake may also be present.
Rectal FDG activity can pose diagnostic chal-
lenges, and correlation with clinical data and
MRI is essential.

Effect of metformin on intestinal fluorode-
oxyglucose uptake

Metformin, a widely used oral antidiabet-
ic, is known to increase FDG uptake in the in-
testines, especially in the sigmoid colon and
rectum (Figure 5). Although the mechanism
is not fully understood,® this effect may mimic
pathological lesions and result in false-posi-
tive findings during oncologic evaluation.’

If focal colonic uptake is identified,
colonoscopy may be required for further
evaluation to rule out neoplasia. Despite this
effect of metformin on intestinal FDG uptake,
the European Association of Nuclear Medicine
guideline (v2.0) recommends continuing this
drug unless there are other clinical concerns.®

Anal uptake from internal anal sphincter
activity

The internal anal sphincter (IAS) is a
smooth muscle structure that maintains rest-
ing anal tone and is responsible for >70% of
baseline anal pressure.”'® Physiological FDG
uptake in the IAS is a well-recognized finding
on pelvic PET/MRI (Figure 6), typically seen
at its distal end. This uptake is attributed to
the basal tone and metabolic activity of the
sphincter muscle, even in the absence of anal
disease, such as hemorrhoids or fissures.

Muscular fluorodeoxyglucose uptake

Increased FDG uptake in skeletal muscles
can result from voluntary or involuntary con-

Figure 3. Corpus luteum. The coronal T2-weighted magnetic resonance image (MRI) (@) shows normal corpus
luteum in the right ovary (arrow) along with ovarian follicles. The coronal positron emission tomography
(PET) (b) and coronal fused PET/MRI (c) display focal fluorodeoxyglucose uptake in the corpus luteum
(arrow), reflecting its metabolic activity.

Figure 4. Physiological colonic uptake. The axial T2-weighted image of the pelvis (a) reveals a normal sigmoid
colon (SC) (arrows) with incidental diverticula. The axial positron emission tomography (PET) (b) and fused
PET/magnetic resonance (c) images show mild physiological fluorodeoxyglucose uptake exhibiting the
diffuse and linear pattern in a normal SC (arrows).

Figure 5. High fluorodeoxyglucose (FDG) bowel uptake in a patient with diabetes treated with metformin.
The coronal oblique T2-weighted image of the pelvis (a) shows a normal-appearing sigmoid colon (SC)
and rectum (R). Note, the long white arrow points to a uterine serous carcinoma arising in an endometrial
polyp (short arrow). The maximum intensity projection coronal oblique FDG positron emission tomography
(PET) (b) and coronal oblique fused PET/magnetic resonance images (MRI) (c) show intense physiological
activity accumulation in the rectum and SC due to metformine use. Coregistration with MRI and attention
to morphologic features and distribution patterns can aid differentiation from pathologic conditions.
Furthermore, note the pathological FDG accumulation in the uterine cavity, compatible with endometrial
cancer (black arrow). No FDG uptake is seen in the left portion of the endometrial cavity that corresponds to
the polyp (short arrow). An incidental left ovarian serous cystadenoma is marked with an asterisk in (a) and
(c). Diagnoses were made by histopathological evaluation of a total abdominal hysterectomy and bilateral
salpingo-oophorectomy specimens.

« Inadequate fasting (minimum 4 hours
required before FDG injection).?

tractions. Normally, pelvic muscle uptake is ei-
ther absent or very mild and homogeneous. In-

tense uptake may occur due to the following:" . .
Uptake typically appears linear and sym-

metric (Figure 7), but may sometimes be fo-
cal or asymmetric (Figure 8), potentially com-
plicating interpretation.

« Recent insulin administration,

- Strenuous physical activity within 6 hours
of imaging,
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Figure 6. Physiological fluorodeoxyglucose (FDG) uptake in the internal anal sphincter (IAS). The axial
T2-weighted image (a) shows the normal IAS with slightly higher signal intensity (white arrows) than the
external anal sphincter (black arrows). The axial positron emission tomography (PET) (b) and axial fused PET/
magnetic resonance images (MRI) (c) show physiological uptake in the normal IAS. High FDG uptake may
indicate high metabolic activity in the IAS due to its basal tone, which is fundamental for anal continence.
The sagittal fused PET/MRI (d) shows intense physiological FDG accumulation in the distal IAS. An asterisk
indicates concurrent endometrial cancer.

Figure 7. Symmetrical muscular fluorodeoxyglucose (FDG) uptake. Variable FDG uptake within the muscles
throughout the body may be observed in individuals who have recently received an insulin injection,
engaged in intense physical activity, or consumed a meal. In this patient, who had a history of external
radiotherapy and brachytherapy due to endometrial cancer, the muscles in the pelvic region appear
normal on the coronal T2-weighted image (a). The maximum intensity projection coronal positron emission
tomography (PET) (b) and coronal fused PET/magnetic resonance images (MRI) (c) show diffuse and
intense bilateral FDG uptake in the gluteal and piriform muscles, whole body PET/CT imaging obtained
approximately 30 minutes earlier than the PET/MRI showed no muscular uptake elsewhere in the body.

Figure 8. Asymmetrical muscular fluorodeoxyglucose (FDG) uptake. The axial oblique T2-weighted magnetic
resonance image (MRI) (a) shows no abnormality in the striated pattern of pelvic muscle architecture
except for the right piriform muscle (arrows), which exhibits atrophy and fat replacement in a patient with
endometrial cancer invading the cervical stroma (asterisk). The axial positron emission tomography (PET)
(b) and axial oblique fused PET/MRI (c) show uneven and asymmetrical FDG uptake in the pelvic muscles.
Uptake is not observed in the right piriformis muscle (arrows), the medial portion of the right gluteus
maximus muscle (circle), the pectineus muscles (p), or the erector spinae (E) muscles. Since the patient was
using insulin, the FDG accumulation in the pelvic muscles could be attributed to a recent insulin injection.
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Bone marrow fluorodeoxyglucose uptake

Although there is no physiological FDG
uptake in the cortical bone, uptake may be
observed in the bone marrow, which may
vary depending on patient factors and he-
matopoietic activity (Figure 9). Conditions
such as anemia, infection, inflammation, or
use of hematopoietic stimulants [e.g., gran-
ulocyte colony-stimulating factor (G-CSF),
erythropoietin] may lead to diffuse bone
marrow hypermetabolism 8123

Following administration of pegylated
G-CSF, a minimum interval of 3 weeks is rec-
ommended before performing PET imaging
to avoid false-positive marrow uptake.'

Benign Gynecologic Lesions

Endometritis refers to inflammation or
infection of the endometrial lining. On MRI,
it may present as endometrial thickening
with heterogeneous signal intensity, which
is non-specific. The differential diagnosis in-
cludes endometrial carcinoma, intrauterine
hematoma, and endometrial polyps.'

FDG PET/MRI typically shows faint FDG
uptake in endometritis (Figure 10), helping
to distinguish it from endometrial cancer.
Minimal metabolic activity supports a be-
nign etiology.

Adenomyosis is a benign condition char-
acterized by ectopic endometrial glands
within the myometrium. In premenopausal
women, adenomyosis often demonstrates
mild FDG uptake (Figure 11), which may in-
crease during menstruation or ovulation.?'

In patients with gynecologic malignan-
cies, FDG-avid adenomyosis may mimic or
obscure intrauterine metastases.'® The MRI
component of PET/MR is highly valuable,
typically revealing a globally enlarged uterus
with a thickened junctional zone containing
tiny hyperintense foci on T2-weighted imag-
ing (Figure 11).

Endometrial hyperplasia is defined by
an increased gland-to-stroma ratio due
to abnormal glandular proliferation. On
T2-weighted MRI, it appears as a diffusely
thickened endometrium, with low or inter-
mediate signal intensity, though imaging
features are non-specific.'

FDG uptake in endometrial hyperplasia
is typically mild [mean standardized uptake
value (SUV) ~2], significantly lower than in
endometrial carcinoma (mean SUV ~9.3)."
It often occurs in peri- or postmenopausal
women (Figure 12).
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Endometrial polyps are benign over-
growths of endometrial glands and stroma
that protrude into the uterine cavity. Al-
though usually indolent, they may carry a
risk of malignant transformation.''®

On FDG PET, polyps generally exhibit
faint or no uptake. However, hypermetabolic
activity has been reported, similar to carci-
nomas.” In this study, cases of histopatho-
logically confirmed polyps did not show
significant FDG avidity (Figure 5). In contrast,
in a case of serous carcinoma arising with-
in a polyp, the fusion PET/MR image clearly
demonstrated marked FDG uptake in the
cancerous portion while the polyp itself re-
mained photopenic (Figure 5).

Leiomyomas (fibroids) are the most
common benign gynecologic tumors. FDG
uptake is uncommon, reported in approxi-
mately 10.4% of premenopausal and 1.2%
of postmenopausal women.?® Uptake, when
present, is typically mild (Figure 13), al-
though rare cases with high FDG avidity ex-
ist, particularly during the proliferative phase
of the menstrual cycle.’>?'

Uptake variability may be influenced by
cellularity, vascularity, hormonal status, or
degenerative changes.?’ MRI remains essen-
tial for characterization and differentiation
from malignancy (Figure 14). Importantly,
new FDG avidity in a known leiomyoma does
not necessarily indicate malignant transfor-
mation.?

Smooth muscle tumors of uncertain ma-
lignant potential lesions exhibit histologic
features that overlap with leiomyosarcoma,
but with much less aggressive behavior.
These rare tumors can demonstrate intense
FDG uptake® and may coexist with benign
leiomyomas (Figure 14).

Vaginal condyloma acuminata (genital
warts) is a common sexually transmitted in-
fection caused by low-risk types of human
papillomavirus. In patients undergoing PET/
MRI for gynecologic malignancies, vaginal
FDG uptake due to condylomas may raise
suspicion for metastasis (Figure 15).2 Aware-
ness of this entity is crucial to avoid false-pos-
itive interpretations.

Bartholin gland cysts result from ductal
obstruction and are typically seen in women
of reproductive age. Uninfected cysts do not
show FDG uptake.?* However, when infect-
ed or forming an abscess, they may become
FDG-avid (Figure 16), often appearing as a
small focus in the distal vagina.

Figure 9. Bone marrow fluorodeoxyglucose (FDG) uptake. Pelvic bone marrow signal intensity is seen to be
normal on a coronal T2-weighted magnetic resonance image (MRI) (a). The maximum intensity projection
coronal positron emission tomography (PET) (b) and coronal fused PET/MRI (c) show mild diffuse uptake in the
pelvic bone marrow. Mild FDG accumulation in bone marrow tends to occur as a result of benign conditions.
This patient with endometrial cancer also had severe anemia and a chronic urinary tract infection.

Figure 10. Endometritis. The axial oblique T2-weighted magnetic resonance images (MRI) (a) shows a
thickened endometrium with heterogeneous signal intensity (asterisk) in a patient with histopathologically
proven endometritis. The maximum intensity projection axial oblique positron emission tomography
(PET) (b) and axial oblique fused PET/MRI (c) show faint fluorodeoxyglucose uptake in the endometrium,
consistent with a benign process (arrow in b; asterisk in c).

Figure 11. Adenomyosis. The sagittal T2-weighted magnetic resonance image (MRI) (a) shows hyperintense
tiny foci (arrows) in the enlarged junctional zone (JZ), consistent with diffuse adenomyosis. The maximum
intensity projection sagittal positron emission tomography (PET) (b) and sagittal fused PET/MRI (c) show
mild FDG uptake in the endometrium in some places and in the JZs (inner myometrium) (long arrow in b;
asteriskin c). Note also the mild FDG accumulation in the cervical canal (small arrow in b). A histopathological
evaluation revealed active severe cervicitis characterized by erosion. FDG, fluorodeoxyglucose.

Figure 12. Endometrial hyperplasia in a postmenopausal woman. The coronal T2-weighted MRI (a) shows
thickened endometrium (arrow). The coronal positron emission tomography (PET) (b) and coronal fused
PET/MRI (c) reveal faint FDG uptake, consistent with histologically confirmed atypical hyperplasia. MRI,
magnetic resonance imaging; FDG, fluorodeoxyglucose.
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Posttreatment Changes in
Pelvic Tissues

FDG uptake in the presacral region fol-
lowing rectal cancer surgery may raise con-
cern for local recurrence. However, benign
postoperative complications, such as anas-
tomotic leakage, can result in inflammatory
changes, abscesses, or sinuses, which may
also exhibit FDG avidity.

Studies have reported a positive predic-
tive value of only 58% for FDG-avid presacral
lesions in identifying true local recurrence.”®
The high soft-tissue contrast of the MRI
component of PET/MRI helps differentiate
between recurrent tumor and postoperative
fibrosis. In such cases, diffusion-weighted
imaging (DWI) is reported to be helpful for
further characterization.?® However, it can
sometimes be difficult to comment on the
nature of lesions that are of intermediate in-
tensity on T2-weighted images and FDG-avid
on PET (Figure 17).

Radiation-induced proctitis, inflamma-
tion of the rectal mucosa, is a complication of
pelvic radiotherapy, particularly in patients
with cervical, rectal, and prostate cancer.
Early imaging findings on MRI include sub-
mucosal edema and high signal intensity of
the rectal wall on T2-weighted images, along
with prominent mucosal enhancement. Pro-
gressive damage leads to wall thickening and
elevated signal in the muscularis layer.?2

Mild FDG uptake can be observed in the
irradiated rectum on PET/MRI (Figure 18).
Although this generally does not interfere
with post-treatment response assessment in
patients with rectal cancer,?” it may compli-
cate interpretation in cases with only partial
metabolic response, as simultaneous inflam-
matory activity cannot be fully excluded.®®

Fat necrosis is a benign process that typ-
ically occurs after surgery, trauma, or infec-
tion. In this entity, a fibrous connective tissue
capsule covers necrotic and degenerated fat-
ty tissue. On imaging, it can mimic tumor re-
currence by appearing as a mass-like lesion.?
Features in MRI often include a well-circum-
scribed lesion with a hyperintense fatty cen-
ter and a hypointense fibrous capsule-the
so-called “doughnut sign.”

Increased FDG uptake may be observed
along the periphery of fat necrosis lesions
(Figure 19), and this uptake can persist for up
to 12 months postoperatively. Importantly,
serial imaging typically shows no change in
lesion size or metabolic activity, supporting a
benign etiology.”
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Figure 13. Uterine leiomyomas. The axial T2-weighted magnetic resonance image (MRI) (a) shows two
leiomyomas with typical low signal intensity (arrows). The axial positron emission tomography (PET) (b) and
axial fused PET/MRI (c) show mild FDG uptake in the leiomyomas, better distinguishable in the PET image
[black arrows in (b)]. FDG uptake in leiomyomas may vary during the menstrual cycle and may be higher in
the proliferative phase. The high activity in the uterine cavity in this patient is physiological and is related to
menstruation. FDG, fluorodeoxyglucose.

)

Figure 14. Fluorodeoxyglucose (FDG)-avid leiomyoma in a patient with large smooth muscle
tumors of uncertain malignant potential (STUMP). The axial T2-weighted MRI (a) shows a high-signal
subserosal leiomyoma (arrow). The axial early postcontrast T1-weighted fat-saturated MRI (b) shows
intense enhancement in leiomyoma (arrow). The axial positron emission tomography (PET) (c) and
axial fused PET/MRI (d) demonstrate high FDG activity in leiomyoma. Leiomyomas showing high
signal intensity on T2-weighted MRI tend to show higher FDG uptake than that of the hypointense
leiomyomas. A histopathological diagnosis of the total abdominal hysterectomy and bilateral salpingo-
oophorectomy specimen in this patient revealed STUMP and multiple leiomyoma nodules without
dysplasia or malignancy. MRI, magnetic resonance imaging.

Figure 15. Vaginal condyloma acuminatum. The sagittal T2-weighted magnetic resonance image (MRI) (a)
shows no visible vaginal abnormality (arrow) in a patient with endometrial cancer invading cervical stroma
(asterisk). The sagittal positron emission tomography (PET) (b) and sagittal fused PET/MRI (c) show FDG
uptake in the vagina (arrow), mimicking metastasis. However, the hospital records indicate the presence of
vaginal condyloma acuminatum, which are known to exhibit FDG uptake. FDG, fluorodeoxyglucose.
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Radiation-induced changes in the sacral
bone marrow are a common consequence
of pelvic radiotherapy. These include radia-
tion osteitis, insufficiency fractures, and, less
commonly, osteoradionecrosis. These chang-
es may present with sacral FDG uptake on
PET imaging (Figure 20).

Differentiating between benign post-ra-
diation effects and metastatic bone lesions is
essential for accurate interpretation. The MRI
component of the PET/MRI study can be use-
ful in localizing and characterizing foci of in-
creased FDG accumulation within the bone.
MRI can reveal these changes bilaterally or
unilaterally, with findings more prominent
adjacent to the sacroiliac joints.*°

Various Infectious and Inflam-
matory Lesions

General mechanism of fluorodeoxyglu-
cose uptake in inflammation and infection

FDG uptake in infection and inflamma-
tion is mediated by activated inflammatory
cells, particularly neutrophils and cells of the
monocyte/macrophage lineage. These cells
demonstrate upregulated glucose transport-
er (GLUT) expression (mainly GLUT 1 and
GLUT3) and enhanced hexokinase activity,
leading to increased glucose metabolism.
Both acute and chronic inflammation can
produce intense FDG uptake.®'

Inflammatory bowel disease includes
Crohn’s disease and ulcerative colitis, each
with distinct imaging patterns. PET/MRI of-
fers a non-invasive method for assessing
disease extent and activity. Increased FDG
uptake may appear as focal or linear en-
hancement along affected bowel segments
(Figure 21).32 Additionally, PET imaging may
be helpful in therapy monitoring and in dis-
tinguishing between fibrotic and active in-
flammatory strictures.'=2

Perianal fistula is an infected tract that
develops between the anal canal and the
perianal skin, often resulting from prior or
ongoing abscess formation. FDG uptake in
perianal fistulas may be encountered inci-
dentally in PET/MRIs obtained for oncologi-
cal purposes (Figure 22).

Osteitis pubis is a non-infectious inflam-
matory condition affecting the pubic sym-
physis and surrounding structures. It has
been associated with pelvic surgery, child-
birth, trauma, urological interventions, and
repetitive mechanical stress.

MRI may demonstrate parasymphyseal
bone marrow edema, diffusion restriction

Figure 16. Infected Bartholin gland cyst. The sagittal T2-weighted magnetic resonance image (MRI) (a) shows
a hyperintense small rounded lesion (arrow) compatible with a Bartholin cyst lying at the distal end of the
vagina in a patient with endometrial cancer (asterisk). Its location below the level of the pubic symphysis is
typical. The sagittal positron emission tomography (PET) (b) and sagittal fused PET/MRI (c) show a tiny focus
with fluorodeoxyglucose (FDG) uptake (arrows) in the distal vagina, suggesting that it is infected. Asterisks
in (b) and (c) indicate intense FDG accumulation in endometrial cancer.

Figure 17. Fluorodeoxyglucose (FDG) uptake in presacral soft tissue after rectal cancer surgery. The axial T2-
weighted magnetic resonance image (MRI) (a) reveals a lesion of intermediate signal intensity with presacral
extension (arrows). The lesion showed diffusion restriction on diffusion-weighted images (not shown). The
axial positron emission tomography (PET) (b) and axial fused PET/MRI (c) exhibit high FDG activity (arrows)
in the lesion. Pathological FDG accumulation in PET (b) was evaluated in favor of recurrence. A computed
tomography-guided fine needle aspiration biopsy confirmed highly hypocellular fibrocollagenous
mesenchymal tissue without malignancy.

Figure 18. Radiation-induced proctitis in a patient with cervical cancer. The sagittal T2-weighted magnetic
resonance image (MRI) (a) shows rectal wall thickening and submucosal edema (arrows) in a patient who
underwent radiation therapy. The sagittal positron emission tomography (PET) (b) and sagittal fused PET/
MRI (c) demonstrate increased uptake consistent with post-radiation inflammation.

Figure 19. Post-surgical fat necrosis in a patient with operated rectal cancer arising from ulcerative colitis.
The coronal T2-weighted magnetic resonance image (MRI) (a) shows a presacral lesion with central
hyperintensity and a hypointense fibrous capsule (arrows) (the “doughnut sign”). The coronal positron
emission tomography (PET) (b) and coronal fused PET/MRI (c) reveal peripheral fluorodeoxyglucose (FDG)
uptake. There was no progression on follow-up. Note also that the asterisks in images (a-c) mark FDG-avid
bowel segments with ulcerative colitis.
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Figure 20. Sacral osteonecrosis following radiation therapy in a patient with cervical cancer. The axial
T2-weighted magnetic resonance image (MRI) (a) shows a heterogeneous lesion of intermediate signal
intensity in the sacral side of the right sacroiliac joint (arrows). The lesion is newly developed after radiation
therapy. The axial positron emission tomography (PET) (b) and axial fused PET/MRI (c) show moderate
fluorodeoxyglucose activity (arrows) in the osseous lesion.

Figure 21. Ulcerative colitis. In the patient who underwent rectal excision, the sagittal T2-weighted
magnetic resonance image (MRI) (a) shows subtle wall thickening and loss of haustration of the colon
segment (arrows) that is pulled into the pelvis for coloanal anastomosis. The sagittal positron emission
tomography (PET) (b) and sagittal fused PET/MRI (c) demonstrate diffuse, linear fluorodeoxyglucose uptake
in the affected bowel segment (arrows).

Figure 22. Transsphincteric perianal fistula. The axial contrast-enhanced fat-suppressed T1-weighted image
(a) shows a fistula tract (arrows), which begins at the 1 o'clock position and curves posteriorly, penetrating
the external anal sphincter. The axial positron emission tomography (PET) (b) and axial fused PET/magnetic
resonance images (MRI) (c) reveal intense fluorodeoxyglucose accumulation along the tract (arrows). The
sagittal fused PET/MRI (d) shows pathological uptake posterior to the external anal sphincter (arrow).
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(Figure 23), and surrounding soft-tissue in-
flammation. On PET/MRI, moderate to in-
tense unilateral or bilateral FDG uptake near
the symphysis pubis is observed (Figure 23).3

Pelvic abscess formation may result from
surgical complications or underlying inflam-
matory conditions, such as pelvic inflamma-
tory disease, diverticulitis, or inflammatory
bowel disease. Imaging reveals complex
cystic masses with heterogeneous contents,
thick enhancing walls, and perilesional fat
stranding. Typically, FDG PET shows intense
peripheral uptake with a centrally photope-
nic (non-avid) core, which is characteristic of
abscesses (Figure 24).2*

In conclusion, PET/MRI is a powerful im-
aging modality that integrates the function-
al capabilities of FDG PET with the superior
anatomical detail and tissue characterization
provided by MRI. A comprehensive under-
standing of physiological FDG uptake pat-
terns—in the uterus, fallopian tubes, ovaries,
bowel, muscles, and bone marrow-is essen-
tial to avoid misinterpretation. Moreover, rec-
ognizing benign conditions and posttreat-
ment changes that may mimic malignancy
helps reduce false-positive findings and un-
necessary interventions.

The MRI component of PET/MRI adds sig-
nificant value by offering high-resolution an-
atomical information, functional insights (by
DWI), lesion characterization, and reduced
radiation exposure compared with PET/CT.
These advantages make PET/MRI a highly
valuable tool in oncologic imaging, partic-
ularly in complex cases involving the pelvis.
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Figure 23. Osteitis pubis. The axial diffusion-weighted magnetic resonance image (MRI) (a) shows diffusion
restriction (arrow) at the left side of the pubic symphysis. The axial positron emission tomography (PET)
(b) and axial fused PET/MRI (c) show moderate unilateral fluorodeoxyglucose uptake (arrows) adjacent to
the pubic symphysis. On the computed tomography (d) image, mild subchondral sclerosis associated with
cortical irregularity (arrow) supports the diagnosis.

Figure 24. Pelvic abscess. The axial T2-weighted magnetic resonance image (MRI) (a) shows a walled-off
biloculated fluid-filled collection (arrows) displaying moderately high signal intensity content in keeping
with pus. The axial positron emission tomography (PET) (b) and axial fused PET/MRI (c) show intense
peripheral fluorodeoxyglucose (FDG) uptake (arrows) and central photopenia, consistent with abscess.
Surgical pathology revealed fibrous tissue with mixed inflammation and abscess formation. The uterine
lesion seen as an FDG-avid focus [asterisks in (b) and (c)] on the right anterior aspect of the abscess was
diagnosed as serous endometrial cancer invading the cervix uteri.
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PURPOSE

Digital variance angiography (DVA), a recently developed image processing technology, provides a
higher contrast-to-noise ratio (CNR) and better image quality during lower limb interventions than
digital subtraction angiography (DSA). Our aim was to investigate whether the quality reserve of
DVA can also be observed in uterine fibroid embolization (UFE).

METHODS

In this retrospective observational study, the CNR and image quality of DSA and DVA images from
56 patients (mean + standard deviation age: 44.2 + 5.3 years) who underwent UFE at our institution
were assessed. For the visual evaluation of the same image pairs, the visibility of large vessels, small
vessels, tissue blush, and background noise was compared by three experienced readers using a
four-grade Likert scale. Data were analyzed using the Wilcoxon signed-rank test or the one-sample
Wilcoxon test.

RESULTS

DVA provided significantly higher CNR than DSA (the median CNR_ ,/CNR_;, was 1.96). In the vi-
sual comparison of DVA and DSA images, Likert scores did not significantly differ from zero (equal
quality level) in any evaluated categories. The median (interquartile range) values were 0.00 (1.00)
for large vessels, —0.33 (1.33) for small vessels, 0.00 (0.67) for tissue blush, and 0.00 (0.75) for back-
ground noise.

CONCLUSION
Although the visual image quality of DSA and DVA was identical, DVA provided a twofold CNR in
UFE, indicating a significant quality advantage for this technology.

CLINICAL SIGNIFICANCE
The observed quality reserve may allow for dose management (reduction of applied radiation dose
and/or contrast media), enhancing the safety of UFE for both patients and personnel.

KEYWORDS
Angiography, contrast-to-noise, digital, uterine, uterine fibroid embolization

igital variance angiography (DVA) is a recently developed image processing alternative

to digital subtraction angiography (DSA). The technology is based on the principles

of kinetic imaging.' Although DVA uses the same unsubtracted acquisition as DSA, it
does not use a mask but instead calculates the standard deviation (SD) of pixel intensities.
This algorithm enhances the contrast media signal and suppresses background noise, thereby
providing a higher contrast-to-noise ratio (CNR) and better image quality than DSA. The qual-
ity reserve of DVA has already been validated in lower limb angiography,?® liver transarterial
chemoembolization,® prostatic artery embolization,” and carotid angiography.® As the quality
advantage of DVA can be effectively used for dose management,®'® the aim of this study was
to investigate whether DVA can improve the image quality of angiograms in transcatheter

You may cite this article as: Bérczi V, Fazekas S, Gog |, et al. Possible use of digital variance angiography in uterine fibroid embolization: a retrospective
observational study. Diagn Interv Radiol. 2026;32(1):91-95.
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uterine fibroid embolization (UFE), which
could serve as a basis for radiation dose man-
agement in this endovascular intervention.

Over the last 29 years, as stated in the
2015 CIRSE guideline, numerous publications
have demonstrated that UFE is a viable alter-
native to hysterectomy for women who wish
to preserve their uterus (level 1 evidence)."" '
The 2021 ACOG guideline confirms these
findings, stating that “uterine artery emboli-
zation (UAE) is recommended as an interven-
tional procedure for the treatment of uterine
leiomyomas in patients who desire uterine
preservation and are counseled about the
limited available data on reproductive out-
comes”'” In addition to fibroids, UAE has
also been proposed as a minimally invasive
alternative to hysterectomy for patients with
symptomatic adenomyosis.’s"’

UAE is much less invasive and a non-sur-
gical alternative to myomectomy or hyster-
ectomy; however, ionizing radiation is used
to identify and access the uterine artery for
the embolization procedure. The literature
shows that radiation exposure doses remain
below the threshold for any deterministic ra-
diation risks. Despite these data, implement-
ing the ALARA principle and minimizing
the radiation dose as much as possible is of
utmost importance in every interventional
radiological procedure, especially in UAE, as
many patients are women of child-bearing
age. Many papers have discussed different
dose reduction techniques, such as adjusting
collimation, minimizing DSA runs, reducing
frame rates, using PA projections, and em-

+ Use of digital variance angiography (DVA)
in uterine fibroid embolization (UFE): the
study evaluates DVA as an alternative to
traditional digital subtraction angiography
(DSA) in UFE.

* Enhanced contrast-to-noise ratio (CNR):
findings demonstrate that DVA offers a two-
fold higher CNR compared with DSA, indi-
cating a substantial quality reserve.

* Potential for dose management: with the
higher CNR provided by DVA, there is po-
tential to reduce radiation exposure without
compromising image quality, which is par-
ticularly advantageous for women of child-
bearing age.

* Implications for future clinical trials: the
study suggests that future prospective clini-
cal trials should focus on validating the dose
management capabilities of DVA in endo-
vascular treatments, with the potential to
reduce radiation exposure for both patients
and personnel.

ploying dose optimization software.'®'® The
use of DVA has not yet been tested in UFE.

Methods

In this single-center retrospective obser-
vational study, 56 patients (mean * SD age:
442 + 53 years) were included who had
previously undergone UFE at the Medical Im-
aging Center, Semmelweis University, Buda-
pest, Hungary, between February 2021 and
June 2022. All procedures were conducted
in accordance with the 1964 Helsinki Decla-
ration and its later amendments. The study
was approved by the Regional Institutional
Scientific and Research Ethics Committee,
Semmelweis University, Budapest, Hungary
(SE RKEB), approval no. 186/2022 on Septem-
ber 26, 2022. Due to the retrospective nature
of the study, informed consent was waived.

Study Design

One pre-embolization posteroanterior
(PA) pelvic acquisition was included from
each patient. Pre-embolization acquisition
was preferred as it depicts small arteries and
tissue blush of the fibroid, thereby providing
a better basis for performance comparison.
DSA and DVA images were generated ret-
rospectively from the same unsubtracted
acquisition using the GE Advantage Worksta-
tion (GE Healthcare, Chicago, lll., U.S.A.) and
the Kinepict Medical Imaging Tool software
(Kinepict Ltd., Budapest), respectively. Abso-
lute CNR values and ratios were calculated
for each image pair, and visual image quali-
ty was assessed by readers in a blinded and
randomized manner using a 4-grade Likert
scale.

Image acquisition

All procedures followed institutional pro-
tocols. UFE was performed on a GE Innova
IGS 5 angiography system by an experienced
interventional radiologist with over 20 years
of experience. A 4F UF (Cordis, Miami Lakes,
FL, U.S.A.) catheter was introduced via right
femoral access. Aortography was performed
to assess arterial filling of the fibroids. A Me-
drad Avanta (Bayer AG, Leverkusen, Germa-
ny) automated injector was used to inject 20
mL of iodinated contrast media (Ultravist 370,
Bayer) at a flow rate of 10 mL/s. A 4F Cobra
1 Glidecath (Terumo, Leuven, Belgium) was
positioned in the left uterine artery, followed
by the right uterine artery. Hand injections of
contrast media (3-6 mL) were performed for
the selective angiograms into the uterine ar-
teries. Standard PA pelvic acquisitions (2 fps)
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were obtained on both sides before and after
embolization. DSA runs were saved on the
GE workstation, and the unsubtracted files
were later used to generate stacked DSA and
DVA images as described above.

Contrast-to-noise ratio analysis

Regions of interest (ROls) were defined on
vessels and background regions using Im-
ageJ (v.2.0.0-rc-68/1.52¢, Creative Commons
License, NIH). As adjacent regions of blood
vessels often contained signals from small ar-
teries or tumor blush, background ROIs were
placed outside the fibroid area. Vascular and
background ROIs were paired accordingly.

The CNR values were calculated for all ROI
pairs individually using the following formu-
la [21], where Mean, and Mean, represent
the mean pixel intensity values of the vascu-
lar and background ROIs, respectively, and
Std, is the background SD:

|[Mean,, — Mean,, |

CNR =
Std,

CNRDVA/CNRDSA ratios (R) were also cal-
culated for each corresponding DVA and DSA
ROI.

Visual evaluation

Evaluations were conducted by three in-
terventional radiologists with at least 5 years
of experience in UFE. The readers were not in-
volved in the treatment of enrolled patients.

A randomized, paired evaluation was per-
formed with corresponding DSA and DVA
image pairs. The readers were blinded to the
imaging modality. The diagnostic value of
the acquisitions was compared based on the
visibility of large vessels, small vessels, tis-
sue blush (if visible), and the extent of back-
ground noise (Figure 1).

Diagnostic value was graded using the
following 4-grade bidirectional Likert scale:

0. Identical
1. Slightly better/less noise

2. Clear-cut advantage/less noise, no in-
terference with structures

3. Better in every aspect/less noise, no in-
terference, background clear

Each image pair was evaluated only once
during the survey, and scores were automati-
cally collected in a database for later process-

ing.
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Please, compare the diagnostic value and quality of
images for judging

laige vessels
3 2 1 o 1 2 3
small vessols
3 2 1 0 1 2 3
Tissue blush (if visible)
3 2 1 0 1 2 3
Background noise

3 - 1 0 1 2 3

0z identical

1 slightly better / less noise

2 cloar-cut advantage / less noise,
no interference with structures

3: better in every aspects / less noise,
no interference, background clear

CommantySumaions Gptional)

Figure 1. Survey template for the visual evaluation of DSA and DVA image sets. The modality of images was not disclosed to the readers. The web-based survey
allowed for the automatic collection of scores into a database for later processing. DSA, digital subtraction angiography; DVA, digital variance angiography.

Table 1. Contrast-to-noise ratio (CNR) analysis

CNR R Wilcoxon signed-rank test
DSA DVA CNR,,,/CNR DSA vs. DVA
Mean + SEM 19.2+£0.55 334+£0.73 2.01 £0.04
P <0.001
Median (IQR) 16.2 (13.24) 29.6 (24.96) 1.96 (0.88)

Data are expressed as mean + standard error of the mean (SEM) and median and interquartile range (IQR). The Wilcoxon signed-rank test was used for statistical comparison, with
a significance level set at P < 0.05. DVA, digital variance angiography; DSA, digital subtraction angiography.

Radiation dose and total fluoroscopy time
measurements

Radiation dose (total dose-area prod-
uct - DAP) and total fluoroscopy time were
gathered from the radiation dose informa-
tion provided for each patient in the “X-ray
Radiation Dose Report” of the GE Innova IGS
5 angiography system. Data are presented as
median (interquartile range).

Statistical analysis

Calculations of CNR and R medians,
along with interquartile ranges (IQR), were
performed using Excel 2016 (Microsoft,
Redmond, WA). CNR values were compared
using the Wilcoxon signed-rank test (Prism
8.4.2, GraphPad).

For visual evaluation scores, the mean
and standard error of the mean were calcu-
lated. Due to the non-Gaussian distribution
of the data, the median and IQR were also
determined. To assess potential differences
between modalities, image pair scores were
compared with 0 (equal quality level) using
the one-sample Wilcoxon test. Interrater
agreement was characterized by Kendall's W
value. The level of significance was set at P <
0.05 for all tests.

Results

Patients

Patients (n = 56, mean + SD age: 44.2 +
5.3 years) with previously diagnosed uterine
fibroids received UFE treatment between
February 2021 and June 2022 at the Medical
Imaging Center, Semmelweis University, Bu-
dapest, and were retrospectively enrolled for
image analysis in a consecutive manner.

Contrast-to-noise ratio results

A total of 695 ROI pairs were analyzed
from 56 pre-embolization image pairs. The
results of the CNR measurements are sum-
marized in Table 1. The median CNR of DVA
images was significantly higher than that of
DSA images [29.55 (IQR: 24.96) vs. 16.23 (IQR:
13.24), Wilcoxon signed-rank test, P < 0.001).
The R (CNRDVA/CNRDSA) value was 1.96
(IQR: 0.88) (Figure 2).

Visual evaluation results

Readers evaluated 56 DSA-DVA image
pairs using the 4-grade bidirectional Likert
scale, where 0 represented identical image
quality. According to the score settings, neg-
ative values indicated an advantage for DSA,
whereas positive values indicated an ad-

Possible use of digital variance angiography in uterine fibroid embolization

100
920
80

CNR
g

DSA DVA

Figure 2. The CNR results. The box-and-whisker
plots show the median (line), mean (x), IQR (box),
and internal fences (whiskers) of CNR values in each
group. Data sets were analyzed using the Wilcoxon
signed-rank test (*P < 0.001). CNR, contrast-to-
noise ratio; IQR, interquartile range; DSA, digital
subtraction angiography; DVA, digital variance
angiography.

vantage for DVA (Table 2). The median (IQR)
Likert scores were 0.00 (1.00) for large vessels,
—0.33 (1.33) for small vessels, 0.00 (0.67) for
tissue blush, and 0.00 (0.75) for background
noise (Figure 3). None of these values were
significantly different from zero (one-sample
Wilcoxon test).
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Table 2. Visual comparison scores. Readers compared the visibility of large vessels, small vessels, tissue blush, and the level of background
noise in a blinded, randomized manner, expressing their image preference using a 4-grade Likert scale

Large vessels Small vessels Tissue blush Background noise
Mean = SEM 0.11£0.11 -0.24+0.14 0.10 £ 0.07 0.01£0.10
Median (IQR) 0.00 (1.00) -0.33(1.33) 0.00 (0.67) 0.00 (0.75)
One-sample Wilcoxon test P=0.355 P=0.054 P=0.151 P=0.98

Data are expressed as mean + SEM and median and IQR. Deviation from zero (equal quality level) was analyzed using the one-sample Wilcoxon test. None of the scores differed
significantly from zero. SEM, standard error of the mean; IQR, interquartile range.

M Large vessels M Small vessels M Tissue blush  Background noise

30

20
— - DVA

1.0
DSA

Visual preference score
4 1=
S

3.0

Figure 3. Paired comparison of DSA and DVA
images. Readers compared the visibility of large
vessels, small vessels, tissue blush, and background
noise in a blinded, randomized manner, expressing
their preference using a 4-grade Likert scale. The
box-and-whisker plot displays the mean (x), median
(line), interquartile range (box), and internal fences
(whiskers) of the complete image set. The 0 line
represents the theoretical equal quality level. Data
were analyzed using the one-sample Wilcoxon test.
None of the scores differed significantly from zero.
DSA, digital subtraction angiography; DVA, digital
variance angiography.

Despite moderate interrater agreement
levels, ratings were significantly associated
with large vessels (W = 0.568, P < 0.001) and
small vessels (W = 0.502, P < 0.01). However,
agreement was only slight and not signifi-
cant for tissue blush (W = 0.285, P = 0.766)
and background noise (W =0.349, P =0.378).

Radiation dose and total fluoroscopy time

Total DAP was 57.0 (21-284) Gy-cm? and
total fluoroscopy time was 736 (360-1570)
sec.

Discussion

Our aim was to investigate whether the
previously described advantages of DVA
can also be observed in UFE intervention.
Therefore, we compared the CNR and visual
performance of DSA and DVA images in this
retrospective observational study. Our re-
sults show that DVA provides a significantly
higher (about twofold) CNR than DSA, but
there is no difference in the visibility of large
vessels, small vessels, tissue blush, and back-

ground noise. The poor interrater agreement
in the latter two categories might reflect
that the judgment of tissue blush and back-
ground noise is even more subjective. These
findings are partly inconsistent with previous
observations, as earlier studies demonstrat-
ed that DVA was always superior to DSA in
both parameters.*'® However, in the present
study, angiography conditions were differ-
ent, as the catheter was in the uterine artery,
very close to the target area, ensuring a high-
ly selective injection of contrast media, and
the acquisition was performed at a standard
radiation level. Under these conditions, DSA
provides excellent visual representation,
which cannot be outperformed (ceiling ef-
fect). Nevertheless, the improved CNR value
clearly indicates the quality reserve of DVA.

Previous studies have demonstrated that
the quality reserve of DVA can be effectively
utilized for dose management. A reduction of
dose/frame value by 70% provided non-infe-
rior or superior image quality in lower limb
interventions compared with full-dose DSA
acquisitions.®® A subsequent randomized
controlled trial showed that applying a sim-
ilar low-dose protocol reduced total DSA-re-
lated DAP by 63% and total procedural DAP
by 46% without compromising image qual-
ity or the diagnostic value of angiograms.?'
The quality reserve of DVA can also be used
to reduce contrast media, as DVA provided
non-inferior image quality in carotid angi-
ography compared with full-dose DSA when
only 50% of the contrast media amount was
used.®t Our preliminary unpublished obser-
vation suggests that an 80% reduction in
contrast media achieved through dilution
still provides excellent image quality in UFE
using DVA images, whereas the concomitant
DSA images under the same conditions ap-
pear poor.

Our finding may have important clinical
implications if further studies prove the rel-
evance of the increased CNR and increased
quality reserve. UFE is a good alternative for
the treatment of uterine fibroids, as it pres-
ents less burden and less risk for patients
than surgical solutions. Nevertheless, this
endovascular intervention requires several
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X-ray angiography acquisitions and repeated
injections of iodinated contrast media. These
steps carry their own risks, including possible
acute and long-term side effects of radiation
and potential impairment of kidney function.
Obviously, the dose management capabili-
ties, especially the radiation dose reduction
ability of DVA, could be very beneficial in
UFE, as patients are often of reproductive
age. In addition, lower radiation exposure
would reduce the risk of radiation-induced
occupational hazards for medical staff. The
reduction of contrast media usage could also
be advantageous by lowering the risk of con-
trast-induced nephropathy.

Our results reveal the potential of DVA
for dose management in UFE; nevertheless,
further clinical studies are required to vali-
date these claims. Such a study has already
been initiated at our center. The radiation
dose from our center serves as a baseline
for such a study; our data fall well within the
range of recent literature [DAP (Gy-cm? me-
dian, range): Nocum et al.*: 113.1 (21.9-792);
Lacayo et al.”: 74.8 (0.32-795); our data: 57
(21-284); total fluoroscopy time (minutes,
median, range): Nocum et al.?%: 11.1 (6.2-
33.6); Lacayo et al.: 13.5 (5.7-104); our data:
12.2 (6.0-26.2)].

Our study has some limitations. Due to
its retrospective observational nature, the
acquisition protocol was predefined and
optimized for DSA; therefore, we could not
detect any differences in the visual perfor-
mance of DSA and DVA images. The full val-
idation of DVA in UFE requires prospective
clinical trials in which the protocol is appro-
priately modified to achieve dose manage-
ment and DVA images are available for the
interventional radiologist in real-time in the
operating room.?*

In conclusion, our data show that DVA has
a substantial quality reserve in uterine artery
angiography compared with the traditional-
ly used DSA technology. Although a visual
advantage was not observed in the current
clinical setting, the twofold CNR of DVA im-
ages provides a solid basis for prospective
clinical trials, where the dose management
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capabilities of DVA can be validated in the
endovascular treatment of fibroids and ade-
nomyosis. These trials aim to achieve a 70%
reduction in dose/frame value while main-
taining non-inferior or superior image qual-
ity, as already demonstrated in lower limb
interventions. Thus, our study indicates that
DVA has the potential to reduce the applied
radiation dose during UFE for both patients
and personnel.

Footnotes

Conflict of Interest

The authors declared no conflicts of inter-
est.

References

1. Szigeti K, Mathé D, Osvéth S. Motion based
X-ray imaging modality. [EEE Trans Med
Imaging. 2014;33:2031-2038. [CrossRef]

2. Gyané M, Gég |, Orias VI, et al. Kinetic Imaging
in lower extremity arteriography: comparison
to digital subtraction angiography. Radiology.
2019;290(1):246-253. [CrossRef]

3. Orias VI, Gyané M, Gog |, et al. Digital
variance angiography as a paradigm shift in
carbon dioxide angiography. Invest Radiol.
2019;54(7):428-436. [CrossRef]

4. Bastian MB, Konig AM, Viniol S, et al.
Digital variance angiography in lower-limb
angiography with metal implants. Cardiovasc
Intervent Radiol. 2021,44(3):452-459.
[CrossRef]

5. Thomas RP, Bastian MB, Viniol S, et al. Digital
variance angiography in selective lower
limb interventions. J Vasc Interv Radiol.
2022;33(2):104-112. [CrossRef]

6. Lucatelli P, Rocco B, Ciaglia S, et al. Possible
use of digital variance angiography in
liver transarterial chemoembolization: a
retrospective observational study. Cardiovasc

10.

11.

12.

13.

14.

15.

Intervent Radiol.

[CrossRef]

Alizadeh LS, Gyané M, Gég |, et al. Initial
experience using digital variance angiography
in context of prostatic artery embolization
in comparison with digital subtraction
angiography. Acad Radiol. 2023;30(4):689-697.
[CrossRef]

Orias VI, Szollési D, Gyand M, et al. Initial
evidence of a 50% reduction of contrast
media using digital variance angiography
in endovascular carotid interventions. Eur J
Radiol Open. 2020;7:100288. [CrossRef]

Gyanoé M, Berczeli M, Csobay-Novék C, et al.
Digital variance angiography allows about
70% decrease of DSA-related radiation
exposure in lower limb X-ray angiography. Sci
Rep.2021;11(1):21790. [CrossRef]

Soétonyi P, Berczeli M, Gyand M, et al. Radiation
exposure reduction by digital variance
angiography in lower limb angiography: a
randomized controlled trial. J Cardiovasc Dev
Dis. 2023;10(5):198. [CrossRef]

Ravina JH, Herbreteau D, Ciraru-Vigneron N,
et al. Arterial embolisation to treat uterine
myomata. Lancet. 1995;346(8976):671-672.
[CrossRef]

Hehenkamp WJ, Volkers NA, Birnie E, Reekers
JA, Ankum WM. Symptomatic uterine fibroids:
treatment with uterine artery embolization or
hysterectomy--results from the randomized
clinical Embolisation versus Hysterectomy
(EMMY) trial. Radiology. 2008;246(3):823-832.
[CrossRef]

Edwards RD, Moss JG, Lumsden MA, et al.
Uterine-artery embolization versus surgery
for symptomatic uterine fibroids. N Engl J Med.
2007;356(4):360-370. [CrossRef]

2023;46(5):635-642.

van Overhagen H, Reekers JA. Uterine artery
embolization for symptomatic leiomyomata.
Cardiovasc Intervent Radiol. 2015;38(3):536-
542.[CrossRef]

Management of symptomatic uterine
leiomyomas: ACOG practice bulletin, number

Possible use of digital variance angiography in uterine fibroid embolization

20.

21.

22.

23.

24,

228. Obstet Gynecol. 2021;137(6):e100-e115.
[CrossRef]

de Bruijn AM, Smink M, Lohle PNM, et
al. Uterine artery embolization for the
treatment of adenomyosis: a systematic
review and meta-analysis. J Vasc Interv Radiol.
2017;28(12):1629-1642.e1. [CrossRef]

Dason ES, Maxim M, Sanders A, et al. Guideline
no. 437: diagnosis and management
of adenomyosis. J Obstet Gynaecol Can.
2023;45(6):417-429.e1. [CrossRef]

Nocum DJ, Robinson J, Liang E, Thompson
N, Reed W. The factors contributing to the
total radiation exposure of patients during
uterine artery embolisation. J Med Radiat Sci.
2019;66(3):200-211. [CrossRef]

Cina A, Steri L, Barbieri P, et al. Optimizing the
angiography protocol to reduce radiation
dose in uterine artery embolization: the
impact of digital subtraction angiographies
on radiation exposure. Cardiovasc Intervent
Radiol. 2022;45(2):249-254. [CrossRef]

Sugawara H, Suzuki S, Katada Y, et al
Comparison of full-iodine conventional
CT and half-iodine virtual monochromatic
imaging: advantages and disadvantages. Eur
Radiol. 2019;29(3):1400-1407. [CrossRef]

Rose A. Quantum and noise limitations of the
visual process. J Opt Soc Am. 1953;43:715-716.
[CrossRef]

Nocum DJ, Robinson J, Halaki M, et al.
Identifying predictors of patient radiation
dose during uterine artery embolisation. JMed
Radiat Sci. 2021;68(2):131-138. [CrossRef]

Lacayo EA, Khera SS, Spies JB. Impact of patient
and procedure-related factors on radiation
exposure from uterine artery embolization.
Cardiovasc Intervent Radiol. 2020;43(1):120-
126. [CrossRef]

Gyandé M, Csobay-Novak C, Berczeli M, et
al. Initial operating room experience with
digital variance angiography in carbon
dioxide-assisted lower limb interventions:
a pilot study. Cardiovasc Intervent Radiol.
2020;43(8):1226-1231. [CrossRef]

.95


http://doi.org/10.1109/TMI.2014.2329794
http://doi.org/ 10.1148/radiol.2018172927
http://doi.org/10.1097/RLI.0000000000000555
http://doi.org/10.1007/s00270-020-02697-x
http://doi.org/10.1016/j.jvir.2021.09.024
http://doi.org/10.1007/s00270-023-03420-2
http://doi.org/10.1016/j.acra.2022.05.007
http://doi.org/10.1016/j.ejro.2020.100288
http://doi.org/10.1038/s41598-021-01208-3
http://doi.org/10.3390/jcdd10050198
http://doi.org/10.1016/s0140-6736(95)92282-2
http://doi.org/10.1148/radiol.2463070260
http://doi.org/10.1056/NEJMoa062003
http://doi.org/10.1007/s00270-014-1031-x
http://doi.org/10.1097/AOG.0000000000004401
http://doi.org/10.1016/j.jvir.2017.07.034
http://doi.org/10.1016/j.jogc.2023.04.008
http://doi.org/10.1002/jmrs.347
http://doi.org/10.1007/s00270-021-03032-8
http://doi.org/10.1007/s00330-018-5724-4
http://doi.org/10.1364/josa.43.000715
http://doi.org/10.1002/jmrs.450
http://doi.org/10.1007/s00270-019-02321-7
http://doi.org/10.1007/s00270-020-02530-5

IR

Diagn Interv Radiol 2026; DOI: 10.4274/dir.2025.253308

INTERVENTIONAL RADIOLOGY

Copyright @ 2026 Author(s) - Available online at dirjournal.org.
@ @ @ Content of this journal is licensed under a Creative Commons
BY NC

Attribution-NonCommercial 4.0 International License.

ORIGINAL ARTICLE

Combined therapy with microwave ablation and conventional
transarterial chemoembolization for hepatocellular carcinoma tumors
larger than five centimetres: a prospective study

Hui Liu™*
Zhuoyang Fan2*
Ranying Zhang'
Xingwei Zhang'
Jianhua Wang?

1Fudan University Zhongshan Hospital, Department
of Radiology, Shanghai, China

2Fudan University Zhongshan Hospital, Department
of Interventional Radiology, Shanghai, China

*Joint first authors

Corresponding author: Jianhua Wang

E-mail: wjh1953a@163.com

Received 21 February 2025; revision requested 13 April
2025; last revision received 12 May 2025; accepted 18
May 2025

ETEC[E]  Epub:07.07.2025
Publication date: 02.01.2026

E- DOI: 10.4274/dir.2025.253308

PURPOSE

This study aimed to compare the safety and efficacy of a combined therapy involving microwave
ablation (MWA) and transarterial chemoembolization (TACE) versus only TACE for the treatment of
hepatocellular carcinoma (HCC) tumors =5 cm.

METHODS

This prospective study enrolled 186 patients with HCC tumors =5 cm. Patients were divided into
a test group (TACE + MWA) and a control group (TACE only). The average tumor size was 9.2 + 3.7
cm, ranging from 5 to 19 cm. Forty-five patients (27.4%) had Barcelona Clinic Liver Cancer class A
disease, and 119 (72.6%) had class B disease. The viable tumor volume was quantified utilizing ITK-
SNAP, a free and open-source software package for medical image segmentation and visualization,
along with contrast-enhanced magnetic resonance imaging. The tumor response was assessed ac-
cording to the modified response evaluation criteria in solid tumors rules. Serum alpha-fetoprotein
(AFP) levels were monitored, and the tumor necrosis ratio and AFP variation rate were calculated.

RESULTS

The final analysis of 164 patients (median age 57 years, range 26-80 years; 19 women, 145 men)
showed that the test group exhibited a significantly higher tumor necrosis ratio than the control
group (87.5% vs. 76.1%, P = 0.002). The serum AFP levels were markedly reduced in the test group
relative to the control group 30 days after surgery (P = 0.001). The AFP variation rate in the test
group (79.5%) was significantly greater than that observed in the control group (47.5%) (P < 0.001).
A significant positive correlation existed between the tumor necrosis ratio and AFP variation rate
(P < 0.001). Compared with the control group, the test group demonstrated a significantly higher
partial response rate (68.6% vs. 51.3%, P < 0.05), a lower rate of progressive disease (17.4% vs. 35.9%,
P < 0.05), an increased overall response rate (70.9% vs. 55.1%, P = 0.036), and an enhanced disease
control rate (82.6% vs. 64.1%, P = 0.007). Post-MWA, 3 patients experienced hemorrhage and 2 de-
veloped arteriovenous fistulae, all of which were treated with embolization.

CONCLUSION
The combination of TACE and MWA demonstrated safety, good tolerability, and greater efficacy
compared with TACE alone for HCC tumors =5 cm.

CLINICAL SIGNIFICANCE

The combination of TACE and MWA offers new possibilities for improving tumor necrosis rates,
reducing AFP levels, and enhancing short-term prognosis. These findings not only provide new
treatment options for clinical doctors but also promote the application of three-dimensional quan-
titative assessment technology and provide important references for future research and clinical
practice.

KEYWORDS
Hepatocellular carcinoma, microwave ablation, therapeutic evaluation, three-dimensional, transar-
terial chemoembolization
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rimary liver cancer is the sixth most
Pfrequently occurring cancer worldwide

and is the third most common cause
of death related to cancer.! Hepatocellular
carcinoma (HCC) is the predominant form
of liver cancer. More than 70% of patients
received a diagnosis during the interme-
diate to advanced stages and were limited
to non-invasive treatment options.? For pa-
tients with intermediate to advanced HCC,
transarterial chemoembolization (TACE) is
the initial treatment choice.* However, the ef-
fectiveness of TACE is restricted for large HCC
lesions, often leading to TACE-refractoriness
and deteriorating liver function with repeat-
ed treatments.*®

Recent studies indicate that combining
TACE with ablative methods is increasingly
recognized for improving tumor response
and patient survival.“® However, the majority
of these studies have concentrated on se-
quential combination therapy. Only a small
number of studies have dealt with TACE plus
concurrent ablation.”'® A retrospective study
found that microwave ablation (MWA) im-
mediately followed by TACE was a reliable
and efficient therapy for large HCC tumors."
However, prospective studies on the topic
have not been reported.

Therapeutic response in HCC was main-
ly assessed by measuring the target lesion’s
diameter through contrast-enhanced im-
aging.”? Indeed, most large HCC tumors ex-
hibit irregular morphology and significant
internal heterogeneity pre-and post-treat-
ment. Numerous studies have found that
three-dimensional (3D) quantitative assess-
ment is more precise than diameter-based
measurements.’*'> Precise delineation and
quantitative assessment of the complete tu-
mor active lesion are essential for an accurate

* The transarterial chemoembolization (TACE)
+ microwave ablation (MWA) group exhibit-
ed a significantly higher viable tumor necro-
sis ratio than the TACE group.

+ Post-treatment serum alpha-fetoprotein
(AFP) levels were significantly lower in the
TACE + MWA group than in the TACE group.
The AFP variation rate was significantly
higher in the TACE + MWA group than in the
TACE group.

+ A positive correlation was found between
tumor necrosis ratio and AFP variation rate.

* The TACE + MWA group demonstrated su-
perior partial response, overall response
rate, and disease control rate relative to the
TACE group.

evaluation of therapeutic efficacy. Few stud-
ies have evaluated the treatment efficacy on
large HCC tumors by measuring viable tumor
volumes using contrast-enhanced magnetic
resonance imaging (MRI). Furthermore, al-
though dynamic changes in serum alpha-fe-
toprotein (AFP) levels have been shown to
correlate with treatment efficacy and patient
outcomes,'®'” the relationship between vi-
able tumor volume and AFP dynamics re-
mains unexplored.

Therefore, we performed a prospective
study to assess changes in viable tumor vol-
ume and AFP levels before and after treat-
ment, aiming to precisely analyze short-term
efficacy differences between TACE alone and
TACE combined with MWA in treating large
HCC tumors.

Methods

Study design

A prospective, randomized controlled tri-
al was performed at a single center for this
research. The study was registered on Clini-
calTrials.gov (NCT04721470). Before being
enrolled, all patients gave their written in-
formed consent. The study protocol received
approval from all relevant institutional re-
view boards, adhering to the Declaration of
Helsinki and local regulations. The study
was approved by the Ethics Committee of
Zhongshan Hospital Affiliated to Fudan Uni-
versity (protocol number: B2018-146R, date:
17.11.2018). Participants were randomly as-
signed to either the TACE-only group or the
TACE plus MWA group between December
2018 and December 2021. Demographic
and clinical data, such as age, gender, tumor
diameter, Child-Pugh class, hepatitis B virus
(HBV) infection status, and serum AFP levels,
for patients with HCC were obtained from
medical records.

The main inclusion criteria were as fol-
lows: (1) age =18 years; (2) nodular and
hypervascular HCC diagnosis was estab-
lished using either non-invasive methods
or pathological examination; (3) large (=5
cm) HCC lesions confined to the liver as de-
termined by contrast-enhanced MRI before
treatment; (4) Barcelona Clinic Liver Cancer
(BCLC) stage A or B; and (5) eastern cooper-
ative oncology group performance status
score of <2. Participants were excluded if
they satisfied any of the following condi-
tions: (1) having more than three HCC le-
sions (3 patients); (2) were involved in other
clinical research treatments simultaneously
(5 patients); (3) showed extrahepatic me-

tastasis or significant vascular invasion (11
patients); (4) did not undergo MRI enhance-
ment assessment 30 days after treatment (3
patients); or (5) had a platelet concentration
<3 x 10°/L and prothrombin activity <40%,
which excluded 22 patients. Randomization
occurred within 1 week following the veri-
fication of eligibility, with treatment proto-
cols commencing in the subsequent week.
Figure 1 depicts the study population inclu-
sion process flowchart. Three interventional
radiologists, each with >10 years of experi-
ence, conducted all treatment procedures
at the study’s onset.

Transarterial chemoembolization group

Angiography of the hepatic artery was
conducted through the right common femo-
ral access with a 5-F catheter (RH; Terumo, To-
kyo, Japan) to evaluate the tumor’s burden,
localization, and blood supply. A 2.7-F mi-
crocatheter (Progreat; Terumo) was precisely
manipulated to access the tumor’s supplying
arteries. A mixture of 5-20 mL iodized oil (li-
piodol) and 50 mg epirubicin (Farmorubicin;
Pfizer, Wuxi, China) was used for chemoem-
bolization. The tumor’s vascular characteris-
tics, size, and number primarily dictated the
dosage of ethiodized oil. The tumor’s blood
supply was cut off by fully embolizing all its
arterial branches for optimal devasculariza-
tion. Embolization was performed using a
lipiodol emulsion mixed with gelatin sponge
particles (350-560 mm; Ailikang Medicine
Co., Ltd.).

Transarterial chemoembolization plus mi-
crowave ablation group

A right common femoral approach was
used for hepatic artery angiography to as-
sess tumor burden, localization, and blood
supply.  Ultrasound-guided  percutane-
ous MWA (IPC-1530; Aloka, Tokyo, Japan)
was performed, followed immediately by
chemoembolization.

The MWA utilized a water-cooled micro-
wave system (ECO-100C; Nanjing, Jiangsu,
China) featuring a 2.45 GHz generator with
adjustable power of 0-100 W. The antenna
placement, power, and emission duration
were customized according to the tumor’s
characteristics. Power was set between
60-100 W for 5-15 minutes per session,
as per guidelines. Multiple overlapping
ablations were monitored via real-time
ultrasound. A 14-gauge antenna-or two
if necessary—was placed into the target tu-
mor to cover the tumor’s margin. The ses-
sion was ended if the deep region of the
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December 2021 (n= 186)

Patients included between December 2018 to

Patients included
(n=164)

Patients excluded (n = 22)

(1) Multifocal patients (n = 3)

(2) Received additional treatments (n = 5)

(3) Showed metastasis or vascular invasion (n = 11)
(4) Incomplete MR (n = 3)

I

l

|

TACE + MWA group
(n=286)

TACE group
(n=78)

Figure 1. Flowchart of the study. TACE, transarterial chemoembolization; MWA, microwave ablation; MR,

magnetic resonance.

lesion was covered by hyperechoic regions
on ultrasound. Subsequently, the antenna
was withdrawn gradually, and microwave
emission was restarted. The end of the
procedure was signaled when the entire
tumor was hyperechoic on ultrasound.
Post-ablation, needle pathway coagula-
tion was performed to reduce bleeding or
the spread of the tumor.

After MWA, hepatic angiography was
quickly performed to evaluate ablation re-
sults, check for remaining tumor vascularity,
and detect complications, such as arterio-
venous fistula or bleeding. A mixture of 2-20
mL iodized oil (lipiodol) and 20-50 mg epi-
rubicin (Farmorubicin; Pfizer, Wuxi, China)
was used for chemoembolization until the
tumor’s blood supply was saturated. Gelatin
sponge particles, sized 350-510 pm (Ailikang
Medicine, Hangzhou, China) and combined
with a contrast medium, were then injected
to reduce any remaining blood flow. In cases
of arteriovenous fistula or hemorrhage, ar-
terial embolization was performed utilizing
gelatin sponge particles or a Tornado em-
bolization coil (Cook, Bloomington, Indiana).
Patients were monitored with an electrocar-
diograph for 24 hours afterward.

Magnetic resonance imaging protocol

All participants underwent contrast-en-
hanced MRl using a 1.5 T scanner (Magnetom
Aera, Siemens Healthcare, Germany). Liver
protocols included T1-weighted imaging
in-phase and opposed-phase, T2-weighted
imaging, diffusion-weighted imaging with b
values of 0, 50, and 500 s/mm?, and dynam-
ic contrast-enhanced imaging. The MR units
automatically calculated the apparent dif-
fusion coefficient. Gadopentetate dimeglu-

mine was administered at 2 mL/s with a 0.1
mmol/kg dose, followed by a saline flush. Im-
ages for arterial, portal, and delayed phases
were captured at 20-25, 70-90, and 150-180
seconds, respectively.

Viable tumor volume segmentation

The MRI were processed using open-
source software (ITK-SNAP, version 3.8.0,
www.itksnap.org) for segmentation and
quantification by a radiologist with 12 years
of experience. The free ITK-SNAP package
provides the capabilities of semi-automatic
segmentation as well as image navigation.
Regions of interest were placed on arterial
phase images to measure viable tumor vol-
ume (Figure 2), unless no lesion enhance-
ment was detected, indicating inactivity
(Figure 3). Another radiologist with 15 years
of experience verified all segmented images.

Definition and evaluation of data

The viable tumor necrosis ratio was calcu-
lated as follows:

VOLUME pretherapy — VOLUME posttherapy
VOLUME pretherapy

Tumor necrosis ratio = x 100%

Patients underwent contrast-enhanced
MR examinations 7 days before and 30 days
after the surgery. The volume of the viable tu-
mor was calculated using ITK-SNAP. Patients
were then followed up with contrast-en-
hanced MRI or computed tomography (CT).
Routine laboratory tests, including AFP level
evaluations, were conducted within 30 days
post-treatment and subsequently every 6-8
weeks. Six months after initial treatment, lo-
cal tumor response was assessed using the
modified response evaluation criteria in solid
tumors rules, categorizing outcomes as com-
plete response (CR), partial response (PR),
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stable disease, or progressive disease (PD)."?
The disease control rate (DCR) and objective
response rate (ORR) were also evaluated. The
approach was evaluated by two radiologists
with >10 years of specialization in abdomi-
nal imaging. The AFP variation rate was cal-
culated 30 days after treatment as follows:

AFPpretherapy — AFPposttherapy

0,
AFPpretherapy S

AFP variation rate =

Possible complications during treatment
include contrast agent extravasation (indi-
cating bleeding) or arteriovenous fistula. The
most common short-term complication was
postembolization syndrome, including mild
to moderate pain, fever, nausea, and vomit-

ing.
Statistical analysis

Statistical analysis was performed using
GraphPad Prism 9.0 (GraphPad Software, San
Diego, CA, USA) and SPSS Version 24 (IBM
Corporation, Armonk, NY, USA). Continuous
variables with a normal distribution were
presented as mean + standard deviation and
analyzed using either the Student’s t-test or
the Mann-Whitney U test, based on their dis-
tribution. Spearman tests assessed correla-
tions between pre-therapy viable tumor vol-
ume and post-therapy necrosis rate, as well
as post-therapy viable tumor volume necro-
sis rate and AFP decline rate. Chi-squared
tests were used for categorical variables, with
significance set at P < 0.05.

Results

The study included 164 patients (median
age 57 years, range 26-80 years; 19 wom-
en, 145 men), divided into TACE (n = 78)
and TACE + MWA (n = 86) groups. The pri-
mary HCC lesions had a median size of 8.6
c¢m (range 5-17 cm), with 62.2% of patients
having elevated AFP levels (=20 ng/mL) and
62.8% having HBV infection. Table 1 shows
there were no notable differences in clinical
characteristics or laboratory results between
the treatment groups.

Table 2 shows there were no significant
differences in viable tumor volume between
the two groups, both pre- and post-treat-
ment. The MRI 30 days post-treatment indi-
cated a significantly higher tumor necrosis
ratio in the TACE + MWA group (87.5%) than
in the TACE group (76.1%) (Figure 4).

Before treatment, both groups exhibit-
ed comparable elevated AFP levels, with no
significant difference (P = 0.137). The AFP
levels declined in all patients (Table 3), with
the TACE + MWA group showing significantly
lower levels (46.7 vs. 601.3, P < 0.001) than

Liu et al.
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Figure 2. Images of a 76-year-old female patient with hepatocellular carcinoma. Arterial phase contrast-
enhanced T1-weighted imaging before transarterial chemoembolization (TACE) revealed a tumor with a
volume of 285,400 mm?3 in the right liver lobe (a). Contrast-enhanced T1-weighted imaging in the arterial
phase revealed heterogeneous enhancement 30 days after TACE. The volume of tumor enhancement
(viable tissue) was 187,000 mm? (b).

Table 1. Clinical characteristics of patients (n = 164)

Characteristic TACE + MWA TACE Pvalue
(n=286) (n=78)

Age (y)

>60 38 (44.2%) 36 (46.2%) 0.8

<60 48 (55.8%) 42 (53.8%)

Sex

Male 78 (90.7%) 67 (85.9%) 0.34

Female 8(9.3%) 11 (14.1%)

Tumor diameter (cm)

5-10 51 (59.3%) 52 (66.7%) 0.33

>10 35 (40.7%) 26 (33.3%)

Child-Pugh class

A 67 (77.9%) 61 (78.2%) 0.96

B 19 (22.1%) 17 (21.8%)

Hepatitis B virus infection

Yes 52 (60.5%) 51 (65.4%) 0.52

No 34 (39.5%) 27 (34.6%)

AFP level (ng/mL)

>20 52 (60.5%) 50 (64.1%) 0.63

<20 34 (39.5%) 28 (35.9%)

TACE, transarterial chemoembolization; MWA, microwave ablation; AFP, alpha-fetoprotein.

those in the TACE group after treatment (Fig-
ure 5). The AFP variation rate in the TACE +
MWA group was significantly higher than
that in the TACE group (Figure 6) (P < 0.001).
Furthermore, a positive correlation was iden-
tified between tumor necrosis ratio and AFP
variation rate (r = 0.46, P < 0.001) (Figure 7).

In the TACE + MWA group, the CR, PR, SD,
and PD rates were 2.3%, 68.6%, 11.6%, and
17.4%, respectively, whereas in the TACE
group, they were 3.8%, 51.3%, 8.9%, and
35.9%, respectively. Both PR and PD signifi-
cantly differed between the groups (P < 0.05).
The TACE + MWA group had a DCR of 82.6%
and an ORR of 70.9%, both significantly high-
er than the TACE group’s DCR of 64.1% (P =
0.007) and ORR of 55.1% (P = 0.036) (Table 4).

The treatment was well-tolerated, with no
major complications or procedure-related
fatalities. Post-MWA, 3 patients experienced
hemorrhage and 2 developed arteriovenous
fistulae, all of which were treated with embo-
lization. Post-embolization syndrome was the
most frequent short-term complication, treat-
ed with medication and supportive care. Ala-
nine aminotransferase (150.3 + 82.8 U/L) and
aspartate aminotransferase (135.2 + 25.6 U/L)
levels were transiently increased on the third
day after treatment compared with baseline
levels (42.3 + 7.6 U/L and 67.3 + 6.3 U/L, re-
spectively). The respective aminotransferase
levels decreased to 39.8 + 9.9 U/L and 60.1 +
4.7 U/L at 1 month after treatment.

Discussion

This study assessed the effectiveness
of combining TACE with MWA versus TACE
alone for treating HCC tumors =5 cm. The
results indicated that the combination treat-
ment led to better short-term outcomes, in-
cluding greater tumor volume reduction and
lower serum AFP levels. The combined thera-
py showed promise in controlling tumor pro-
gression and improving patient outcomes
for large HCC tumors.

For patients with BCLC stage A and B tu-
mors =5 cm who are ineligible for surgical
resection, TACE is generally preferred. How-
ever, complete tumor necrosis is difficult
to achieve. TACE with drug-eluting beads
achieves precise delivery and sustained re-
lease of drugs through drug-loaded micro-
spheres, which may reduce systemic toxic-
ity and improve local efficacy. In contrast,
conventional TACE relies on iodized oil as a
chemotherapy carrier, which is suitable for
a wider range of clinical scenarios. Recent
studies indicated that combining TACE with
ablation was more effective for liver cancer
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Figure 3. Images of a 62-year-old male patient with hepatocellular carcinoma. An arterial phase contrast-
enhanced T1-weighted image revealed a tumor with a volume of 113,400 mm? in the right liver lobe before
treatment (a). No enhancement was observed in the tumor (complete necrosis) 30 days after transarterial
chemoembolization + microwave ablation (b).
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Figure 4. Boxplot of tumor necrosis ratio. TACE, transarterial chemoembolization; MWA, microwave ablation.

treatment than TACE alone.”'®*" The me-
ta-analysis evaluated TACE combined with
MWA versus TACE alone for BCLC stage A
or B patients with HCC tumors =5 cm. The
findings indicated notable enhancements
in CR, PR, and ORR with the combined TACE
and MWA treatment.? Another study demon-
strated that combined therapy significantly
improved ORR and DCR compared with TACE
alone?® These findings are similar to our

study. Our prospective study revealed that
combined therapy significantly improved PR,
ORR, and DCR compared with TACE alone.
These findings may be attributed to the di-
rect ablative effect of MWA on the lesion
core, whereas TACE demonstrates a more
pronounced therapeutic impact on the hy-
pervascularized peripheral regions of the
lesion. However, those investigations pre-
sented results for combination treatments
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on tumors exhibiting heterogeneous size
ranges, stages, and tumor burden. This study
focused mainly on tumors =5 cm.

Traditional liver cancer treatment eval-
uation relied on measuring the target le-
sion’s diameter during arterial phase en-
hancement.”? However, this method may
not accurately reflect the true condition of
the tumor, as it only considers changes in a
single dimension and overlooks variations
in volume and shape. Recent research sug-
gested that 3D quantitative analysis offered
a more comprehensive assessment of tumor
response.?’?* Pandey et al.?' found that it can
more precisely assess the tumor response
and patient prognosis after treatment by ac-
curately measuring tumor volume. Flecken-
stein et al.?? found that 3D quantitative anal-
ysis can be used to evaluate early responses
in patients with liver cancer following local
therapy, which is crucial for the timely ad-
justment of treatment plans. These findings
support our study. The TACE + MWA cohort
showed a greater necrosis ratio than the
TACE cohort (P < 0.05), suggesting greater ef-
ficacy of the combined treatment. Addition-
ally, another study pointed out that changes
in tumor volume enhanced by 3D imaging
significantly correlated with overall patient
survival.??* However, this aspect was not ad-
dressed in our study.

CT can evaluate the morphological and
hemodynamic changes of tumors, but it is
not as effective as MRI in displaying viable
lesions. For patients with renal insufficiency
or allergies to CT/MRI contrast agents, con-
trast-enhanced ultrasound can be used as a
useful complementary technique.?® The ITK-
SNAP interactive software package allows
manual and semi-automatic 3D medical
image segmentation on computers.?® Com-
pared with traditional methods that require
specific workstations, ITK-SNAP is more flex-
ible and suitable for various clinical and re-
search environments. The use of ITK-SNAP
is not limited to image “omics” research but
is also widely applied in clinical practice for
precise tumor volume measurement. In clin-
ical applications, the semi-automatic seg-
mentation function of ITK-SNAP has been
proven to reduce the time required for man-
ual segmentation significantly while main-
taining high accuracy.?

In patients with HCC, AFP levels were of-
ten used as a biomarker for diagnosis and
prognosis assessment. Studies have shown
that the dynamic changes in AFP levels can
reflect the effectiveness of treatment and pa-
tient outcomes.'®?”2® Previous studies have
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shown that a notable reduction in AFP levels
may suggest increased tumor necrosis and
improved treatment outcomes.’®'”?® Guo et
al.?® found that AFP levels significantly de-
creased in both groups after treatment, with
the test group showing a greater reduction
than the control group. This is in agreement
with our results. Additionally, there was a sig-
nificant positive correlation between the ne-

crosis ratio and AFP variation rate after treat-
ment in the present study, indicating that
treatment has led to the death of tumor cells,
thereby reducing AFP production. In addi-
tion, the decline in AFP levels can help iden-
tify patients who respond well to treatment,
guiding subsequent treatment decisions.”®

To date, numerous investigations have
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microwave ablation; AFP, alpha-fetoprotein.

Table 2. Measurements of viable tumor before and after treatment (n = 164)

explored the application of transcutane-
ous thermal ablation in conjunction with
TACE for the management of HCC. Never-
theless, the majority of existing reports on
combination therapy described sequential
treatment regimens with diverse temporal
intervals (from 1-42 days).5?*3' Recent stud-
ies have validated the safety and efficacy
of TACE combined with thermal ablation,
showing no significant impairment of liv-
er function.®"7 In this prospective study,
MWA combined with simultaneous TACE
was a safe treatment for HCC tumors =5 cm
without increasing the risk of major compli-
cations. These findings were consistent with
previous studies." Immediate TACE after
MWA was considered to increase tumor ne-
crosis by exposing sublethal heat-damaged
tumor tissues to high drug concentration,
potentially reducing the dosage of iodinat-
ed oil and chemotherapy drugs in subse-
quent TACE. Severe complications related
to MWA, including arteriovenous fistula and
hemorrhage, can be promptly identified and
treated.”"" In addition, immediate TACE after
MWA can reduce hospitalizations and costs.
Hence, this method has a high potential for
popularization in clinical applications. In
studies on performing TACE prior to MWA,
the accuracy of needle punctures into le-
sions is improved, and the “thermal settling
effect” during the ablation process is re-
duced. Previous studies have not compared
the two operation sequences, nor have they
indicated a clear optimal sequence.

Our study had several limitations. First,
some HCC tumors were diagnosed using
clinical criteria, including contrast-enhanced
MRI findings and AFP level, rather than his-
topathological confirmation. Second, this
investigation assessed the effectiveness of
the treatment over a short period and did
not include an analysis of long-term efficacy,
which is inadequate to establish conclusively

Characteristic TACE + MWA (n = 86) TACE (n=78) Pvalue
Pretherapy viable tumor volume 275,700 mm? 250,000 mm? 0.683
Posttherapy viable tumor volume 32,245 mm? 54,995 mm? 0.085
Tumor necrosis ratio 87.5% 76.1% 0.002*
*Data are statistically significant results. TACE, transarterial chemoembolization; MWA, microwave ablation.
Table 3. Alpha-fetoprotein level before and after treatment (n = 102)

TACE + MWA (n =52) TACE (n = 50) P value
AFP level before treatment (ng/mL) 978.7 2,178.5 0.137
AFP level after treatment (ng/mL) 46.7 601.3 0.001*
AFP variation rate 79.5% 47.5% <0.001*

*Data are statistically significant results. TACE, transarterial chemoembolization; MWA, microwave ablation; AFP, alpha-fetoprotein.
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Table 4. Assessment of target lesion response according to the modified response

evaluation criteria in solid tumors rules (n = 164)

TACE + MWA (n = 86) TACE (n=78) P value
CR 2(2.3%) 3(3.8%) 0.572
PR 59 (68.6%) 40 (51.3%) 0.024*
SD 10 (11.6%) 7 (8.9%) 0.578
PD 15 (17.4%) 28 (35.9%) 0.007*
ORR 61 (70.9%) 43 (55.1%) 0.036*
DCR 71 (82.6%) 50 (64.1%) 0.007*

*Data are statistically significant results. CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; ORR, objective response rate; DCR, disease control rate; TACE, transarterial chemoembolization;

MWA, microwave ablation.
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the superiority of combination therapy. Fi-
nally, as a single-center study, it was limited
by a small sample size and a unique patient
setting. Therefore, larger sample sizes in mul-
ticenter studies are necessary to further val-
idate the treatment protocol’s efficacy and
safety.

In conclusion, TACE combined with MWA
was more effective for treating HCC tumors
>5 ¢cm than TACE alone, as it significantly
reduced AFP levels and enhanced tumor
necrosis. This suggested that the combined
therapy could be a viable treatment option
for larger HCC tumors. However, larger mul-
ticenter studies are needed to confirm these
benefits.
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PURPOSE

Computed tomography fluoroscopy (CTF)-guided biopsy is an established technique for sampling
pulmonary lesions, particularly with the growing prevalence of lung nodule screening programs.
This study investigated procedural and lesion-related factors affecting success and complication
rates in routine CTF-guided lung core-needle biopsies at a tertiary center.

METHODS

Consecutive patients undergoing percutaneous CTF-guided lung biopsies over a 10-year period
(2007-2016) were retrospectively analyzed. Data collected included lesion characteristics, proce-
dural details, and outcomes, including technical and clinical success and complications. Multivari-
able logistic regressions were used to identify predictors of complications and biopsy failure.

RESULTS

Among 641 patients (43% female; median age 67 years) with a median lesion size of 3.1 cm, techni-
cal and clinical success rates were 99% and 93%, respectively. Clinical success was associated with
multiple pulmonary lesions and longer specimen length, with multivariable analysis identifying
multiple lesions as the sole independent predictor [odds ratio (OR): 2.4]. Major complications (n
=70, 11%), primarily pneumothorax (n = 62, 90%), were associated with a longer intrapulmonary
needle tract, greater pleura-to-lesion distance, smaller lesion size, fissure crossing, and the presence
of emphysema or subpleural air cysts. Multivariable analysis identified smaller lesion size (OR: 0.8)
and greater pleura-to-lesion distance (OR: 1.5) as independent risk factors.

CONCLUSION

CTF-guided lung biopsy is a safe and effective method for tissue sampling with high diagnostic
success rates. Although multiple samples do not increase the risk of major complications, factors
such as small lesion size, greater pleura-to-lesion distance, and emphysema-related changes are
associated with a higher incidence of pneumothorax, emphasizing the need for risk-aware proce-
dural planning.

CLINICAL SIGNIFICANCE

CTF-guided lung biopsy demonstrates high diagnostic performance in routine practice. Under-
standing how specific anatomical features influence complication risk can guide radiologists in
selecting safer biopsy approaches, especially in patients undergoing evaluation through lung can-
cer screening programs. Integrating these risk factors into procedural planning supports more in-
formed, patient-centered decision-making in routine clinical practice.

KEYWORDS
Biopsy, computed tomography, fluoroscopy, interventional, lung
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of cancer-related deaths worldwide,

accounting for the highest mortality
among both men and women." Low-dose
computed tomography (CT) screening has
been shown to reduce mortality significantly
in high-risk populations, as demonstrated by
the National Lung Screening Trial and con-
firmed by European randomized trials.*"°The
widespread adoption of CT imaging, both for
screening and routine diagnostics, has led to
a marked increase in the detection of pulmo-
nary nodules, including incidental findings in
asymptomatic patients.''*

I ung cancer remains the leading cause

Recent advancements in imaging tech-
nology and artificial intelligence have im-
proved the detection and characterization of
these nodules. However, accurate diagnosis
and timely intervention remain essential,
particularly as early and minimally invasive
approaches are increasingly favored.”>"” At
the same time, the rise of precision oncolo-
gy and molecular profiling has shifted clini-
cal focus toward targeted therapies based
on tumor genetics.”® This shift has increased
demand for larger and repeated biopsy
samples to assess histologic transformation,
tumor heterogeneity, and resistance muta-
tions.'®22 Evidence suggests that obtaining
at least three core samples optimizes diag-
nostic yield, and four or more enhances the
accuracy of next-generation sequencing.?

Percutaneous transthoracic needle biopsy
(PTNB) is widely used for evaluating pulmo-
nary nodules that are inaccessible via a trans-
bronchial route. Both CT and CT fluoroscopy
(CTF) guidance are common techniques, es-
pecially for small or deep lesions.?** Among

* Computed tomography fluoroscopy-guid-
ed lung biopsy is a highly effective tech-
nique, achieving a clinical success rate of
93% and technical success rate of 99% in a
large, real-world cohort.

* The procedure is safe, with major complica-
tions occurring in only 11% of cases—most
commonly treatable pneumothorax requir-
ing chest tube placement.

* Small lesion size and greater pleura-to-le-
sion distance are the strongest predictors
of complications and should be considered
when planning biopsies.

* Taking multiple tissue samples does not in-
crease complication rates.

* The presence of multiple pulmonary lesions
significantly improves diagnostic success,
offering flexibility in selecting the most ac-
cessible or safest target.

these, CTF offers real-time imaging with
continuous needle visualization, improving
targeting accuracy and reducing procedure
time compared with conventional stepwise
CT guidance.”*? These advantages are fur-
ther supported by the radiologist’s presence
during the procedure, allowing immediate
adjustments as needed. However, the ben-
efits of CTF must be balanced against in-
creased radiation exposure to both patients
and operators, as well as the need for special-
ized training and equipment.

Despite its established safety and diag-
nostic performance, there remains a limited
understanding of how clinical and procedur-
al variables influence outcomes and compli-
cation rates in routine CTF-guided lung biop-
sies. This study aims to address this gap by
evaluating a heterogeneous patient cohort,
encompassing a range of needle sizes, proce-
dural techniques, and lesion characteristics.

Methods

Patients

A retrospective analysis was conduct-
ed on all patients who underwent routine
CTF-guided core-needle lung biopsies at
the LMU University Hospital between 2007
and 2016. Each case had been previously
reviewed by a multidisciplinary team com-
prising oncologists, radiation oncologists,
surgeons, and interventional radiologists to
assess the clinical indications in accordance
with the guidelines for radiologically guided
lung biopsies.” Pre-biopsy imaging, includ-
ing CT, positron emission tomography/CT, or
magnetic resonance imaging, was assessed
to evaluate the feasibility of the transthorac-
ic biopsy procedure. In some cases, patients
had undergone previous unsuccessful histo-
logical sampling via transbronchial needle
aspiration. Patients undergoing lung biop-
sy were initially identified retrospectively
through hospital procedural scheduling and
billing systems, which captured all planned
and completed CTF-guided lung biopsies
during the study period. Excluded cases were
identified during the data curation process
and were removed due to incomplete or
missing key data elements, including biopsy
outcome, complication documentation, or
procedural imaging. These exclusions were
not based on cancelled or declined biop-
sies but rather on documentation gaps that
precluded reliable inclusion in the analysis.
Informed consent was obtained at least 24
hours before the procedure, following a com-
prehensive explanation of the procedure and
its potential complications. Pre-procedural

evaluations included serum creatinine level,
platelet count, and coagulation parameters.
Anticoagulation medications were discontin-
ued before the biopsy, following the Society
of Interventional Radiology (SIR) Guidelines.*
All procedures in this study were conducted
in accordance with the institutional ethics
board of the Ludwig Maximilian University of
Munich (protocol number: IRB 17-410, date:
28.06.2017) according to the Declaration of
Helsinki.

Data collection

Data extracted from medical records and
images included information on patient po-
sitioning, access point, the use of a coaxial
technique or direct puncture, needle size,
the size and location of the targeted lesion,
various needle tract measurements, the
presence of solitary or multiple lesions, and
biopsy outcomes, including the number and
length of the obtained specimens. Addi-
tionally, lung parenchymal changes, such as
emphysema, air cysts, or fibrotic alterations,
were retrospectively assessed on pre-proce-
dural CT images and categorized as absent,
emphysema/air cyst, or fibrosis. The density
of the planned biopsy tract was also meas-
ured in Hounsfield units (HU) by averaging
the attenuation at the midpoint of the nee-
dle path on non-contrast CT.

The number of pleural passes, however,
was not systematically recorded and could
not be reliably extracted from procedural
documentation. Although the specimen
count was used as a surrogate in some anal-
yses, it does not always reflect the actual
number of pleural entries. In direct puncture
cases, multiple specimens may be obtained
through a single pass, whereas in coaxial
procedures, additional entries may occur de-
spite a typically single-access approach. To
assess procedure-associated complications,
an experienced interventional radiologist
with >8 years of expertise reviewed all CT
images obtained during the procedures. Ad-
ditionally, patient records were reviewed to
document complications occurring during
the procedure that were not identifiable on
imaging alone or within the 30-day post-pro-
cedural period.

Biopsy procedures

All procedures were performed on mul-
ti-detector CT scanners with fluoroscopy
mode, including primarily 128-slice systems
(Definition Edge, Definition AS, and Flash,
Siemens Healthineers, Erlangen, Germany;
Optima CT660 and Discovery, GE Healthcare,
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Waukesha, USA), which together account-
ed for 619 procedures. Additionally, two
16-slice systems (Sensation 16 and Emotion/
Aura, Siemens Healthineers) were used in 22
procedures. Scanning parameters typically
included 10-20 mAs and 120 kV. The proce-
dures were performed by a board-certified
interventional radiologist with =6 years of
experience or a radiology resident in years
3-5 under the supervision of a board-cer-
tified radiologist. Operator experience was
categorized based on this documentation—
either as procedures performed by certified
specialists or supervised residents—and
used for subgroup analysis. For planning
and monitoring, an online dose modula-
tion system (CareDOSE 4D, Siemens Medical
Solutions, Forchheim, Germany) was used,
adjusting tube current to patient anatomy
within ranges of 80-120 kV and 100-200
mAs. A non-contrast-enhanced planning
CT determined the lesion’s size and opti-
mal approach. The true-cut biopsy system'’s
diameter and length were selected based
on individual lesion characteristics (13-18
gauge). These included lesion depth from
the pleural surface, overall puncture length,
and suspected lesion composition, such as
necrosis or firmness indicative of fibrosis or
malignancy, as assessed on prior imaging.
A semi-automatic spring-loaded cutting
needle system was used for all procedures.
Patient positioning (supine, prone, or later-
al) was adjusted according to the planned
access trajectory. Key considerations for the
needle approach included avoiding fissures,
selecting the shortest path from the viscer-
al pleura to the lesion, steering clear of ves-

sels and bronchi, and positioning the lesion
dependently. Following skin disinfection,
sterile draping, and the administration of lo-
cal anesthesia (2% Scandicain, AstraZeneca,
London, UK), a small skin incision was made.
Under CTF guidance, the coaxial needle (for
coaxial approaches) or the biopsy needle
(for direct punctures) was intermittently ad-
vanced toward the lesion until proper posi-
tioning was achieved. Between one and five
true-cut samples were collected, fixed in
formalin, and sent to the pathology depart-
ment for histological analysis. A post-proce-
dure unenhanced CT was obtained to check
for complications. Each needle pass through
the lung parenchyma was documented with
fluoroscopic images saved to the picture ar-
chiving and communication system. Patients
with small, asymptomatic pneumothorax
or intrapulmonary hemorrhage received
conservative treatment (case example: see
Figure 1). If no pneumothorax was detected
on CT, patients were observed clinically for
2 hours, with radiography performed only if
symptoms developed.

Technical and histopathological results

Procedures were considered technically
successful if at least one histological sample
of the target was obtained. Cases where tis-
sue type, tumor grade in case of malignancy,
and a definitive histopathological diagno-
sis of the lesion could be established were
classified as clinically successful. Samples
containing insufficient tissue for histologic
diagnosis were documented and classified
as technically successful but clinically unsuc-
cessful.

Complications

Peri-procedural complications were classi-
fied as major or minor based on the SIR Guide-
lines."*2 Minor complications were defined as
events with no lasting sequelae, requiring min-
imal therapy or brief hospital observation, such
as pneumothorax not requiring intervention,
localized pulmonary hemorrhage (ground-
glass opacity), or short episodes of hemoptysis.
Major complications included events leading
to hospitalization (for outpatients), unplanned
escalation of care, prolonged hospitalization,
permanent sequelae, or death.

Effective patient dose

For each procedure, the effective patient
radiation dose was calculated. The effec-
tive dose was determined by summing the
doses from the pre-procedural planning
CT, all intra-procedural CT fluoroscopic ac-
quisitions, and the post-procedural CT, as
recorded in the CT examination protocol.
Effective doses for the planning CT scan and
post-procedural control CT scan were calcu-
lated using the formula (E = DLP*t), where E
is the effective dose, DLP is the dose length
product, and t is the tissue weighting factor.
The tissue weighting factor for the chest re-
gion was defined as t = 0.0147.3 The effec-
tive dose for the sum of all CTF acquisitions
was calculated using the adjusted formula
for CTF (E = DLP x k), with k = 0.018 mSv /
(mGy.cm) for chest imaging radiation. As
over 95% of procedures were performed on
128-slice CT systems, dose calculations were
mainly based on these systems, and data
from 16-slice systems were not analyzed

Figure 1. Computed tomography (CT) fluoroscopy-guided lung biopsy of an 8 mm nodule in the left lower lobe in a female patient with suspected recurrence of
ovarian carcinoma. (a) Fluoroscopic image during the procedure, performed with the patient in the right lateral decubitus position using an 18G semi-automatic
spring-loaded cutting needle system. (b) Post-procedural CT scan showing minor hemorrhage at the puncture site and a small ventral pneumothorax (yellow
arrow), both of which were successfully managed conservatively.
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separately due to their minimal representa-
tion.

Statistical analysis

Data analysis was performed using R soft-
ware (version 4.4.1). Descriptive statistics,
including medians with interquartile ranges
(IQRs) and means with standard deviations,
were calculated to summarize the data. The
Mann-Whitney U test was applied to com-
pare medians between two independent
groups. Univariable and multivariable re-
gression analyses were conducted to identi-
fy factors associated with clinical outcomes.
Multivariable binary logistic regressions
were performed, including baseline covar-
iates with P < 0.05 in univariate analysis, as
well as sex, age, and occasionally other vari-
ables of clinical interest, even if they did not
reach statistical significance in univariate
analysis. Variables not meeting these cri-
teria (e.g., needle size for clinical success or
major complication) were excluded from the
respective multivariable models. In cases of
collinearity, only one of the correlated varia-
bles was included in the multivariable model
to ensure robustness. A P value of <0.05 was
considered statistically significant.

Results

Patient characteristics

A total of 641 patients were included
in the study (Table 1). Of these, 365 (57%)
were male and 276 (43%) were female, with
a median age of 67 years (IQR: 59-73 years).
Emphysematous or cystic lung changes were
present in 363 cases (56.7%), representing
the predominant pattern among patients
with parenchymal abnormalities, whereas
fibrotic changes were observed in only 10

Table 1. Patient characteristics

cases (1.6%). Patients had solitary lesions in
52.3% of cases and multiple lesions in 47.7%.

Procedural characteristics

Technical success was achieved in 638
out of 641 procedures (99%), with only three
instances of technical failure. Clinical biop-
sy success was achieved in 593 (93%) cases.
The median fluoroscopy time was 7 minutes
(IQR: 4-11 minutes). General anesthesia was
required in 2% of cases, and the remainder
were conducted under local anesthesia.
Procedures were almost evenly performed
by the two groups of radiologists (53% by
an attending and 47% by a resident radiol-
ogist). A total of 575 (90%) biopsies were per-
formed using direct puncture and 66 (10%)
using the coaxial technique. The overall nee-
dle tract from skin to the lesion was 7.7 cm
(IQR: 6.2-9.5 cm), with a corresponding in-
trapulmonary needle tract length of 3.3 cm
(IQR: 2.3-4.6 cm). The median shortest pleu-
ra-to-lesion distance was 0.8 cm (IQR: 0-2.1
cm). The maximal lesion diameter was 3.1
cm (IQR: 1.9-5.3 cm) and did not differ sig-
nificantly between clinically successful and
failed biopsies (3.22 vs.2.57 cm, P=0.11).The
smallest successfully biopsied lesion meas-
ured 0.5 cm, and the largest reached 17.8
cm. Juxtapleural lesions were present in 47%
of cases. The median number of specimens
acquired during a procedure was 2 (range:
1-5), and the median specimen length was
14 mm (IQR: 8-24 mm). Needle size was doc-
umented in 605 procedures, with an 18G
needle being the most used (491 cases, 81%),
followed by a 16G needle (107 cases, 18%)
and larger needles (13-14G) in a small sub-
set (6 cases, 1%). The median total effective
dose was 7.5 mSv (IQR: 5.6-10.1 mSv), with a
median fluoroscopy-specific dose of 0.7 mSv
(IQR: 0.4-1.2 mSv).

Parameter Frequency n (%) Median (interquartile range)
Patients 641 (100%)

Sex

Male 365 (57%)

Female 276 (43%)

Age (years) 67 (59, 73)
Clinical biopsy success 593 (93%)

Targeted lesion size (cm) 3.1(1.9,5.3)
Entity

Malignant 468 (79%)

Non-malignant 125 (21%)

Total effective radiation dose (mSv) 7.5(5.6,10.1)
Effective radiation dose from fluoroscopy 0.7 (04,1.2)

(mSv)

Pathology analysis

Histological analysis of the 593 clinically
successful biopsies confirmed malignancy in
468 cases (79%). In the remaining 125 cases
(21%), malignancy was excluded. Among the
malignant cases, adenocarcinoma was iden-
tified in 207 cases (35%), squamous cell car-
cinoma in 84 cases (14%), and other tumor
entities in 177 cases (30%). Technical failure
occurred in 3 cases (0.5%) due to the absence
of material.

Parameters influencing clinical biopsy suc-
cess

The univariable analysis identified several
factors significantly associated with clinical
success (Table 2), including the use of coax-
ial technique (11% vs. 2.1%, P = 0.049), the
presence of multiple pulmonary lesions (47%
vs. 27%, P = 0.007), a longer specimen length
(14 mm vs. 9 mm, P = 0.013), and a narrower
angle of entry observed in the failure cohort
(57° vs. 68°, P = 0.034). Although the acquisi-
tion of at least three specimens showed a nu-
merical difference (27% vs. 19%), the associa-
tion was not statistically significant (P = 0.2).
In multivariable analysis, only the presence
of multiple pulmonary lesions remained
significantly associated with clinical biopsy
success [odds ratio (OR): 2.4, 95% confidence
interval (Cl): 1.1-5.1, P = 0.020]. Lung paren-
chymal changes (emphysema, air cysts, or fi-
brosis) were not significantly associated with
clinical biopsy success (P = 0.52, chi-squared
test). Similarly, attenuation values along the
puncture tract showed no significant differ-
ence between clinically successful and failed
procedures (median -857.0 vs.-855.5 HU, P =
0.77, Wilcoxon rank-sum test).

Complications

The most common complication was
pneumothorax, occurring in 227 (35%) pa-
tients, followed by superficial puncture site
bleeding (n = 46; 7%) and mild hemothorax
(n = 7; 1%). Less frequent complications in-
cluded systemic effects of local anesthet-
ic (n = 1), transient unconsciousness (n =
1), and pleural effusion (n = 1). There were
no instances of air embolism in the cohort.
When stratified by complication grade, 379
patients (59%) had no complications (Grade
0), whereas 192 patients (30%) experienced
minor complications (Grade 1), collectively
representing 571 cases (89%) with no major
complications. Major complications requir-
ing direct intervention or prolonged hospital
stay (Grade 2) occurred in 70 cases (11%). The
most common was pneumothorax, affecting
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Table 2. Univariable and multivariable analyses for clinical success

Parameter Univariate analysis Multivariate analysis
Failure n = 45’ Success n = 593’ Pvalue?  Pvalue’ Odds ratio (95% Cl)
Sex
Male 23 (48%) 342 (58%)
0.2 0.454 0.8 (0.4-1.5)

Female 25 (52%) 251 (42%)
Age (years) 64 (59, 69) 67 (59, 74) 0.017*% 0.252 1.0 (1.0-1.0)
Targeted lesion size (cm) 2.6(1.7,4.7) 3.2(1.9,5.5) 0.11
Number of pulmonary lesions
Solitary 35 (73%) 313 (53%)

X 0.007* 0.020* 24 (1.1-5.1)
Multiple 13 (27%) 280 (47%)
Lung changes
No changes 15 (34%) 249 (42%)
Emphysema/air cysts 28 (64%) 336 (57%) 0.087
Fibrosis 2 (2%) 8 (1%)
Targeted lesion location
Apical 22 (46%) 225 (38%)
Mid 13 (27%) 250 (42%) 0.12
Basal 13 (27%) 118 (20%)
Juxtapleural lesion location 23 (48%) 280 (47%) >0.9
Hounsfield units of puncture tract —856 (—883, —830) —857 (—889, —817) 0.43
Patient positioning
Prone 25 (52%) 284 (48%)
Supine 15 (31%) 207 (35%) 0.8
Side 8 (17%) 102 (17%)
Access point
Ventral 4 (8.3%) 90 (15%)
Dorsal 27 (56%) 327 (55%) 0.4
Lateral 17 (35%) 176 (30%)
Coaxial technique 1(2.1%) 65 (11%) 0.049
Overall needle tract (cm) 8.4(5.9,9.6) 7.6 (6.2,9.5) >0.9
Intrapulmonary needle tract (cm) 2.9(1.8,4.1) 3.3(2.4,4.6) 0.032* 0.523 1.1(0.9-1.3)
Shortest pleura-to-lesion distance (cm) 1.1 (0.0, 2.3) 0.8(0.0, 2.1) 0.5
Angle pleura/needle (degrees) 57 (41,78) 68 (52, 80) 0.034* 0.237 1.0 (1.0-1.0)
Fissure crossing 0 (0%) 33 (5.6%) 0.2
Length of procedure (fluoroscopy time in minutes) 9.0 (5.5, 12.0) 7.0(4.0,11.0) 0.058
Needle size (gauge)
13 0 (0%) 3 (0.5%)
14 0 (0%) 3 (0.5%)
16 6 (13%) 101 (18%) 07
17 0 (0%) 1 (0.2%)
18 42 (88%) 449 (81%)
Not documented 36 0
Intervening radiologist
Attending 25 (52%) 274 (47%)
Resident 23 (48%) 308 (53%) 0.5
Not documented 0 11
Number of specimens
<3 39 (81%) 432 (73%) a5
>3 9 (19%) 161 (27%)
Overall length of biopsy specimen (mm) 9 (4, 20) 14 (8, 25) 0.013* 0.103 1.0(1.0-1.1)
Not documented 11 89

'Median (interquartile range); n (%).

2Wilcoxon rank sum test; Pearson’s chi-squared test.
3Multivariable logistic regression model.

*Indicates a P value < 0.05; Cl, confidence interval.
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63 (90%) patients, all of whom required chest
tube placement. Two patients with bleeding
into the thoracic cavity and 3 patients with
parenchymal hemorrhage required a pro-
longed hospital stay with close monitoring
but no surgical or angiographic intervention.
Systemic effects of the local anesthetic were
observed in 1 patient. Notably, 1 patient
experienced active arterial bleeding from a
peripheral left pulmonary artery, which was
successfully managed with angiographic coil
embolization. The resulting hemothorax was
drained with two large chest tubes, which
were removed after 8 days. The patient was
discharged 29 days after the embolization
procedure. Importantly, there were no in-
stances of periprocedural mortality among
the patients. Complication rates were com-
pared between the two biopsy techniques;
major complications occurred in 11.6% of
direct puncture cases and 4.5% of coaxial
cases, though this difference was not statisti-
cally significant (P = 0.122, chi-squared test).
This analysis is limited by the substantial
imbalance in group sizes, with coaxial cases
comprising only approximately 10% of the
cohort. Additionally, patients with emphyse-
ma or air cysts were significantly more likely
to develop pneumothorax than those with-
out lung parenchymal changes (46% vs. 20%,
P < 0.0001, chi-squared test). The presence of
fibrotic changes was infrequent and did not
show a significant association with pneumo-
thorax. Furthermore, the HU values of the bi-
opsy tract were significantly lower in patients
who developed pneumothorax than in those
who did not (median —876 HU vs. —846 HU, P
< 0.0001, Wilcoxon rank-sum test), suggest-
ing that a less dense parenchymal trajectory
may contribute to increased vulnerability to
post-procedural air leaks.

Parameters associated with major compli-
cations

The analysis identified several factors sig-
nificantly associated with major complica-
tions (Table 3). Univariable analysis revealed
procedural factors, such as a longer intrapul-
monary needle tract (3.9 cm vs. 3.2 cm, P =
0.004) and fissure crossing (11% vs. 4.4%, P
= 0.02). Anatomical contributors included
a greater pleura-to-lesion distance (1.8 cm
vs. 0.6 cm, P < 0.001) and smaller lesion size
(24 cm vs. 3.3 cm, P < 0.001). Multivariable
analysis identified independent predictors of
major complications; male sex (OR: 0.4, 95%
Cl: 0.2-0.7, p = 0.002) and smaller lesion size
(OR: 0.8, 95% Cl: 0.6-0.9, P = 0.002) were sig-
nificantly associated with an elevated risk,
whereas a greater pleura-to-lesion distance

further increased the likelihood of complica-
tions (OR: 1.5,95% Cl: 1.1-2.2, P=0.016). Oth-
ervariables, including access points and over-
all specimen length, were not significantly
associated with major complications. Further
multivariable regression analysis identified
distinct risk factors for pneumothorax occur-
rence (Table 4): a longer intrapulmonary nee-
dle tract was significantly associated with a
higher likelihood of pneumothorax (OR: 1.5,
95% Cl: 1.1-1.9, P = 0.003), as well as biop-
sies involving fissure crossing (OR: 4.4, 95%
Cl: 1.2-16.3, P = 0.021). Additionally, smaller
lesion size significantly increased the risk of
pneumothorax, with each 1 cm increase in
lesion size reducing the odds (OR: 0.7, 95%
Cl:0.6-0.8, P < 0.0001).

Discussion

In this retrospective study of 641 patients
who underwent CTF-guided lung core-nee-
dle biopsies, the complication rates were
consistent with previously reported findings,
with pneumothorax being the most com-
mon complication (35%).343¢ Most compli-
cations (89%) were minor, necessitating no
additional treatment and causing no extend-
ed hospital stays. Importantly, major compli-
cations, though infrequent, were promptly
managed without serious adverse outcomes,
highlighting the safety of this diagnostic ap-
proach in routine clinical practice.

Prior studies have demonstrated that
small lesion size is an independent risk factor
for pneumothorax, with up to an 11-fold in-
creased risk for lesions <2 cm in diameter.3”3?
Consistent with these findings, lesion size
was also a significant determinant of major
complications in this study (OR: 0.8). Smaller
lesions were linked to a higher incidence of
complications requiring therapeutic inter-
vention, primarily pneumothorax necessi-
tating chest tube placement. Furthermore,
several well-established risk factors for pneu-
mothorax were confirmed in this analysis.>*
These include a greater pleura-to-lesion dis-
tance (OR: 1.5), a longer intrapulmonary nee-
dle tract (OR: 1.5), and fissure crossing (OR:
4.4). Pleura-to-lesion distance and intrapul-
monary needle tract length are strongly in-
terrelated, as a deeper lesion naturally results
in a longer tract. Their individual statistical
associations likely reflect a compounded
effect of target depth on complication risk,
rather than fully independent predictors. In-
terestingly, male sex (OR: 0.4) also emerged
as a risk factor for pneumothorax in our co-
hort. Although the underlying reason is not
entirely clear, this association may reflect
underlying confounding factors. Emphyse-

ma and subpleural air cysts—both associat-
ed with increased pneumothorax risk—are
more prevalent among older male patients,
likely due to higher historical smoking rates.
In line with this, we found a significant cor-
relation between parenchymal fragility (i.e.,
emphysema/air cysts) and pneumothorax
occurrence. Thus, the observed sex-based
difference may reflect a greater burden of
structural lung changes rather than a direct
effect of sex alone. Procedural variables, such
as patient positioning, access point,and pleu-
ra-to-needle angle, were analyzed. Although
often constrained by anatomical feasibility,
they define the procedural geometry and
may indirectly influence complication risk.
In our cohort, dorsal and lateral approaches
were most common, reflecting a preference
for minimizing tract length and avoiding fis-
sures or major vessels. Although not always
modifiable, understanding their associations
with outcomes remains relevant for proce-
dural planning. Notably, pleura-to-lesion
distance and intrapulmonary needle tract
length, though related, are distinct; the for-
mer represents the shortest linear distance,
whereas the latter reflects the actual needle
trajectory chosen by the operator. This path
may be angled or extended to avoid ribs or
vascular structures, even in superficially lo-
cated lesions.

A strength of this study is the inclusion
of a large, unselected real-world cohort en-
compassing all lung lesions requiring biop-
sy, not just those with a high suspicion of
a specific malignancy. This broad inclusion
enhances generalizability and reflects clin-
ical practice more accurately than studies
limited to specific entities. Notably, the use
of larger biopsy needles (13-18 gauge) and
the acquisition of multiple samples (=3)
achieved high diagnostic success rates with-
out increasing procedural complications,
demonstrating the safety and effectiveness
of this approach. However, it is important to
note that only three procedures each were
performed using 13G and 14G needles.
Upon review, these cases involved large,
mainly necrotic and pleura-adjacent lesions
where a higher tissue yield was clinically jus-
tified. Given the small number of cases, no
statistically meaningful conclusions can be
drawn regarding the safety of these large-
gauge needles, and these findings should
be interpreted with caution. Additionally,
longer biopsy specimens significantly im-
proved diagnostic success without elevat-
ing the risk of major complications, consist-
ent with findings from recent studies.®4' A
recent large cohort study by Kim et al.*? ex-
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Table 3. Univariable and multivariable analyses for major complications

Parameter Univariate analysis Multivariate analysis
Non=571" Yesn =70 P value? P value? QOdds ratio (95% Cl)

Sex 0.002* 0.002* 0.4 (0.2-0.7)

Male 313 (55%) 52 (74%)

Female 258 (45%) 18 (26%)

Age (years) 67 (59, 74) 68 (60, 73) 0.7 0.316 1.0 (1.0-1.0)

Targeted lesion size (cm) 3.3(2.0,5.5) 24(1.6,3.1) <0.001* 0.002* 0.8 (0.6-0.9)

Number of pulmonary lesions 0.4 0.273 0.7 (0.4-1.3)

Solitary 307 (54%) 41 (59%)

Multiple 264 (46%) 29 (41%)

Targeted lesion location 0.6

Apical 221 (39%) 26 (37%)

Mid 231 (40%) 32 (46%)

Basal 119 (21%) 12 (17%)

Juxtapleural lesion location 292 (51%) 11 (16%) <0.001*

Patient positioning 0.14

Prone 283 (50%) 26 (37%)

Supine 193 (34%) 29 (41%)

Side 95 (17%) 15 (21%)

Access point 0.011

Ventral 86 (15%) 8 (11%)

Dorsal 324 (57%) 30 (43%)

Lateral 161 (28%) 32 (46%)

Coaxial technique 63 (11%) 3(4.3%) 0.08 0.225 0.4(0.1-1.7)

Overall needle tract (cm) 7.6 (6.2,9.4) 8.4(6.4,10.0) 0.12

Intrapulmonary needle tract (cm) 3.2(2.3,4.5) 3.9(3.1,5.4) 0.004 0.53 0.9(0.7-1.2)

Shortest pleura-to-lesion distance (cm) 0.6 (0.0, 1.9) 1.8(1.10, 3.0) <0.001* 0.016* 1.5(1.1-2.2)

Angle pleura/needle (degrees) 67 (51, 80) 62 (49, 79) 0.3

Fissure crossing 25 (4.4%) 8 (11%) 0.02 0.064 2.9 (0.9-8.8)

Length of procedure (fluoroscopy time in minutes) 7.0 (4.0,11.0) 7.0(3.0,12.0) >0.9

Needle size (gauge) 0.4

13 3(0.6%) 0 (0%)

14 3(0.6%) 0 (0%)

16 100 (19%) 7 (10%)

17 1(0.2%) 0 (0%)

18 428 (80%) 63 (90%)

Not documented 36 0

Intervening radiologist 0.8

Attending 267 (48%) 32 (46%)

Resident 294 (52%) 37 (54%)

Not documented 10 1

Number of specimens 0.3

<3 416 (73%) 55 (79%)

>3 155 (27%) 15 (21%)

Overall length of biopsy specimen (mm) 14 (8, 25) 10(6,17) <0.001* 0.388 1.0 (1.0-1.0)

Not documented 94 6

'Median (interquartile range); n (%).

2Wilcoxon rank sum test; Pearson’s chi-squared test.
*Multivariable logistic regression model

*Indicates a P value < 0.05; Cl, confidence interval.
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Table 4. Univariable and multivariable analyses for pneumothorax

Parameter Univariate analysis Multivariate analysis
No n =414" Yes n=227" P value? Pvalue? Odds ratio (95% Cl)
Sex 0.3 0.156 0.7 (0.4-1.2)
Male 230 (56%) 135 (59%)
Female 184 (44%) 92 (41%)
Age (years) 66 (59, 73) 68 (60, 74) 0.022* 0.207 1.0 (1.0-1.0)
Targeted lesion size (cm) 3.8(2.3,6.1) 2.5(1.6,3.8) <0.001* <0.001* 0.7 (0.6-0.8)
Number of pulmonary lesions 0.9
Singular 224 (54%) 124 (55%)
Multiple 190 (46%) 103 (41%)
Lung changes <0.001*
No changes 214 (52%) 54 (24%)
Emphysema/air cysts 194 (47%) 169 (74%)
Fibrosis 6 (1%) 4 (2%)
Targeted lesion location 0.02*
Apical 176 (43%) 71 (31%)
Mid 158 (38%) 105 (46%)
Basal 80 (19%) 51 (22%)
Juxtapleural lesion location 256 (62%) 47 (21%) <0.001*
Hounsfield units of puncture tract —846 (—880, -806) —876(—897,-847) <0.001*
Patient positioning 0.8
Prone 201 (49%) 108 (48%)
Supine 234 (57%) 120 (53%)
Side 114 (28%) 79 (35%)
Access point 0.12
Ventral 66 (16%) 28 (12%)
Dorsal 234 (57%) 120 (53%)
Lateral 114 (28%) 79 (35%)
Coaxial technique 41 (9.9%) 25(11%) 0.7
Overall needle tract (cm) 7.6 (6.2,9.3) 7.9 (6.4,9.9) 0.06
Intrapulmonary needle tract (cm) 3.0(2.0,4.2) 3.8(2.9,5.3) <0.001* 0.004* 1.5(1.1-1.9)
Shortest pleura-to-lesion distance (cm) 0.0(0.0,1.5) 1.6 (0.7,3.0) <0.001* 0.153 1.2(1.9-1.6)
Angle pleura/needle (degrees) 67 (51,81) 67 (52, 80) 0.8
Fissure crossing 9 (2.2%) 24 (11%) <0.001 0.021* 4.4 (1.2-16.3)
Length of procedure (fluoroscopy time in minutes) 7.0(4.0,10.0) 7.0(4.0,11.0) >0.9
Needle size (gauge) 0.005* 0.823 1.1(0.5-2.2)
13 3(0.8%) 0 (0%)
14 1(0.3%) 2 (0.9%)
16 82 (21%) 25 (12%)
17 1 (0.3%) 0 (0%)
18 304 (78%) 187 (87%)
Not documented 23 13
Intervening radiologist 0.5
Attending 196 (48%) 103 (46%)
Resident 209 (52%) 122 (54%)
Not documented 9 2
Number of specimens 0.09
<3 295 (71%) 176 (78%)
>3 119 (29%) 51 (22%)
Overall length of biopsy specimen (mm) 16 (8, 25) 12 (7, 20) 0.004* 0.17 1.0(1.0-1.0)
Not documented 69 39

"Median (interquartile range); n (%)

2Wilcoxon rank sum test; Pearson’s chi-squared test

3Multivariable logistic regression model

*Indicates a P value < 0.05; Cl, confidence interval.
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amined the feasibility of CTF-guided coaxial
lung biopsies, focusing on the number of
cores acquired. Their findings aligned with
ours, contradicting earlier research that sug-
gested an association between the number
of coaxial cores and the risk of complica-
tions.* However, a limitation of the study
by Kim et al.*? is the restriction of inclusion
criteria to patients suspected of primary
lung cancer, limiting the generalizability of
findings. In contrast, our analysis evaluated
multiple lesion- and procedure-related vari-
ables—including lesion multiplicity, depth,
and needle trajectory—providing deeper
insight into predictors of success and com-
plications across a wide clinical spectrum.

Interestingly, the presence of multiple
pulmonary lesions (OR: 2.4) was the only
significant factor associated with clinical suc-
cess in this study. This finding is reasonable,
as the availability of multiple lesions provides
the operator with the flexibility to select the
most promising target, such as one that is
more accessible, larger in size, or located in
a safer anatomical position. This strategic
choice increases the likelihood of obtaining
sufficient tissue for histopathological evalu-
ation, ultimately improving the clinical suc-
cess rate of the procedure.*** Remarkably,
lesion size itself had no impact on the clinical
success rate of biopsies, with even lesions
as small as 5 mm successfully targeted and
yielding sufficient tissue for histopathologi-
cal analysis. Additionally, this study provides
practical data on the safety of obtaining mul-
tiple core samples and employing different
needle calibers in routine clinical settings—
an area that remains underreported in the
current literature.

Equally noteworthy is that the experience
level of the performing radiologist did not
influence the complication or success rates.
This finding suggests that the technique is
well-standardized and relatively easy to learn,
making it feasible for implementation even
in smaller centers with fewer annual proce-
dures.® Nonetheless, maintaining high-quali-
ty standards remains crucial to ensure optimal
patient outcomes and procedural safety. Ra-
diation exposure to both patients and opera-
tors remains a notable drawback of CTF-guid-
ed procedures compared with conventional
CT-guided approaches.*” Nevertheless, fluor-
oscopy accounted for <10% of the total effec-
tive radiation dose during the procedures in
this study. Scanner configuration (16-slice vs.
128-slice systems) may influence dose values;
given the small proportion of 16-slice cases in
this study (<5%), dose calculations are mainly
based on the 128-slice systems. This limitation

must be taken into account when interpreting
the data. Moreover, advancements in imaging
technology are likely to further decrease radi-
ation levels in the future, particularly for pro-
cedures in anatomically high-contrast areas,
such as the lungs.®

A limitation of this analysis is its retrospec-
tive, single-center design, which is subject to
inherent biases, such as selection bias, and
potential inaccuracies in data extraction
from medical records. Notably, hemoptysis
was not documented in any of the medical
records in this cohort. This likely reflects the
absence of higher-grade hemoptysis events
that could have influenced clinical outcomes
but also underscores the limitations of retro-
spective data collection, where less severe
complications may go underreported un-
less explicitly documented. Similarly, oth-
er minor complications that lacked clinical
consequences may not have been captured,
potentially leading to an underestimation
of the overall complication rate. However,
major complications requiring intervention
were systematically documented through
imaging and clinical records, supporting
the reliability of safety outcomes. Although
hemoptysis is a recognized complication, its
clinical relevance appears to be limited, as
demonstrated by (among others) a recent
study by Kim et al.*> (Radiology 2024), where
it occurred in 2.4% of patients (20 out of 827)
without major events. In addition, the num-
ber of pleural penetrations, an intra-proce-
dural factor known to correlate with pneu-
mothorax risk, especially in non-coaxial
techniques, was not consistently document-
ed in procedure reports or imaging archives.
This reflects another inherent limitation of
retrospective data collection, particularly in
earlier cases. Although specimen count was
used as a surrogate in some analyses, it may
not reliably reflect the number of pleural
entries. Despite these limitations, this study
offers valuable insights into a real-world co-
hort, providing practical data that enhance
and complement the existing literature on
CTF-guided lung biopsies.

In conclusion, this study demonstrates
that CTF-guided biopsy is a reliable, effective,
and safe method for diagnosing pulmonary
lesions. Incorporating factors associated with
major complications can improve patient se-
lection, procedure planning, and peri-pro-
cedural monitoring, thereby enhancing pa-
tient safety. These findings are particularly
relevant in the era of advanced molecular
diagnostics, where obtaining multiple tissue
samples is essential for guiding treatment
and prognosis. Prospective studies with
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standardized procedural annotation could
further refine risk prediction and validate
these findings in varied practice settings.
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ABSTRACT

Bone metastases are common in advanced solid tumors and often require local control strategies
in addition to systemic therapy. Although thermal ablation is an established method for selected
lesions, its use may be limited in anatomically complex or heat-sensitive locations. Irreversible elec-
troporation, a non-thermal ablative technique widely used in visceral oncology, has not yet been
reported for the treatment of bone metastases.

KEYWORDS
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one metastases are a frequent and challenging complication of advanced malignancies,

particularly in patients with breast, prostate, or lung cancer. These lesions often cause

severe pain, impaired mobility, and pathological fractures, considerably reducing pa-
tients’ quality of life and functional autonomy. In the multidisciplinary management of such
patients, local tumor control remains a key objective, especially for symptomatic, progressive,
or weight-bearing lesions.

Traditional local therapies include external beam radiotherapy, surgical stabilization, and
image-guided percutaneous ablation. Among these, thermal ablation methods-radiofre-
quency ablation (RFA), microwave ablation (MWA), and cryoablation—-have been widely adopt-
ed due to their efficacy, minimal invasiveness, and rapid recovery profiles. These techniques
are recommended by current practice guidelines for treating painful or oligometastatic bone
lesions and are particularly useful when systemic options are exhausted or contraindicated.'?

However, thermal ablation has important limitations. It is contraindicated in anatomical
regions where adjacent critical structures—such as nerves, vessels, hollow organs, or joint cap-
sules-are susceptible to thermal injury. The anterior pelvic ring, sacrum, spine, and skull base
are examples of areas where thermal techniques pose a substantial risk of collateral damage.
Moreover, thermal spread can be difficult to control, especially in heterogeneous or poorly
vascularized tissues such as bone.

In this context, irreversible electroporation (IRE) represents a promising alternative. It is
a non-thermal technique that induces apoptosis by delivering high-voltage electric pulses
across cell membranes, creating permanent nanopores that disrupt cellular homeostasis.>*
Its primary advantage lies in the preservation of the extracellular matrix and surrounding
connective tissues. Unlike thermal energy, electrical fields do not denature collagen, elastin,
or basement membranes, enabling tumor ablation near neurovascular bundles or urogenital
organs with a reduced risk of collateral injury.®

IRE has already been validated in visceral oncology, particularly for pancreatic, hepatic, and
renal tumors located in anatomically complex regions. Despite these promising applications,
its use in the treatment of bone metastases has not been previously reported.

You may cite this article as: Pusceddu C, Faiella E, Cau C, Rinaldi P, Cossu P, Marsico S. Computed tomography-guided irreversible electroporation for a pubic
bone metastasis: a technical note and early experience. Diagn Interv Radiol. 2026;32(1):115-118.
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In this case, the lesion’s proximity to the
urethra and pubic symphysis rendered it un-
suitable for thermal techniques. The proce-
dure demonstrated technical feasibility, safe-
ty, and early oncologic efficacy, supporting
the potential role of IRE in musculoskeletal
oncology.

Technique

A 55-year-old woman presented with a
history of hormone receptor-positive, human
epidermal growth factor receptor 2-negative
breast cancer, diagnosed in 2013 and initially
managed with radical mastectomy, axillary
dissection, adjuvant chemotherapy, radio-
therapy, and long-term endocrine therapy.
She later developed widespread osseous
metastatic disease, managed palliatively
with capecitabine.

During restaging, pelvic magnetic res-
onance imaging revealed a 21 mm osteo-
lytic lesion in the right pubic bone. Fluo-
rodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/
CT) showed intense uptake, confirming the
lesion’s metabolic activity. The tumor was
located in immediate proximity to the distal
urethra and the anterior capsule of the pu-
bic symphysis. Due to these anatomical con-
straints, further thermal ablation (previously
attempted at another site) was contraindi-
cated (Figure 1).

The patient was referred for percutaneous
ablation and, after interdisciplinary tumor

* This is the first reported clinical case of ir-
reversible electroporation (IRE) applied to
a bone metastasis, specifically in the pubic
bone.

* IRE enabled safe and effective ablation in an
anatomically complex site where thermal
techniques were contraindicated due to
proximity to critical structures such as the
distal urethra and pubic symphysis.

* The procedure was technically successful
and well-tolerated, with no peri-procedural
complications and complete metabolic re-
sponse on positron emission tomography/
computed tomography at 3-month fol-
low-up.

* IRE preserved surrounding connective and
neurovascular tissues, demonstrating its
potential advantage in musculoskeletal on-
cology for lesions near heat-sensitive areas.

* This pioneering case provides proof-of-con-
cept for the use of IRE in skeletal tumors and
highlights the need for further clinical inves-
tigation and protocol development.

Figure 1. (a) Axial fat-suppressed T2-weighted (DP-FS) MRI of the pelvis demonstrating a hyperintense
osteolytic lesion (yellow arrow) involving the right pubic bone. The anatomical relationship to adjacent
critical structures, including the urethra (red arrow) and pubic symphysis (green arrow), was a key factor in
selecting a non-thermal ablation approach (IRE). (b) Axial fused PET/CT image of the pelvis showing intense
FDG uptake in a lytic lesion of the right pubic bone, consistent with metabolically active bone metastasis.
DP-FS, dual phase fat suppression; IRE, irreversible electroporation; PET/CT, positron emission tomography/
computed tomography; FDG, fluorodeoxyglucose; MRI, magnetic resonance imaging.

board discussion, was selected for CT-guided
IRE as a non-thermal, structurally preserving
approach.

The pubic metastasis was selected for
treatment due to intense localized pain that
severely impaired ambulation and its close
proximity to the urethra, which posed a risk
of urinary obstruction and functional decline.

Radiotherapy was excluded following a
multidisciplinary team consensus evaluation
due to the anatomical proximity of critical
structures and the associated risk of collateral
damage. Surgical resection was not indicated
given the patient’s advanced disease burden
and limited functional reserve.

All procedures performed in studies in-
volving human participants were in accor-
dance with the ethical standards of the insti-
tutional and/or national research committee
and with the 1964 Helsinki declaration and
its later amendments or comparable ethical
standards. Written informed consent was
obtained for both the procedure and publi-
cation of data.

The patient was positioned supine on the
CT table, with slight abduction of the legs to
optimize access to the anterior pelvic region.
General anesthesia was induced to ensure
complete immobility during pulse delivery
and to minimize discomfort. Electrocar-
diogram gating was employed to synchro-
nize electrical pulses with the cardiac cycle
(R-wave), minimizing the risk of arrhythmia
during high-voltage delivery.
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A contrast-enhanced pelvic CT was ob-
tained to delineate tumor margins, measure
safe access corridors, and plan the needle
trajectory. The target lesion extended into
both the cortical and medullary components
of the right pubic bone and was in direct
contact with the distal urethra.

Access was obtained via a percutaneous
transosseous route using two Bonopty® (Ap-
riomed, Upsala, Sweden) biopsy systems. The
systems were drilled into the anterior corti-
cal bone under CT guidance, creating stable
channels for subsequent electrode insertion.

Two 19-gauge monopolar IRE electrodes
(NanoKnife®, AngioDynamics®) were in-
serted through the coaxial access. The elec-
trodes were positioned in parallel, flanking
the lesion with an inter-electrode distance of
1.0-2.2 cm, adjusted according to lesion size
and geometry. Positioning was confirmed in
axial, coronal, and sagittal CT planes (Figure
2).

A test phase with 20 low-voltage pulses
was performed to assess impedance. After
confirming acceptable impedance (<1,500
ohms), full ablation was conducted with 70
pulses at 1,500 V/cm, 90-microsecond pulse
duration, and a frequency of 1 Hz.

The electrode exposure length was 15
mm, and no pullbacks or repeat ablations
were necessary.

Following ablation, a CT scan was ac-
quired to exclude complications such as
hemorrhage, pneumoperitoneum, or injury
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to adjacent organs. The patient awoke from
anesthesia without complications or pain
and was discharged the following day.

At 3-month follow-up, whole-body PET/
CT showed complete metabolic response
with no residual FDG uptake in the treated
area (Figure 3). The patient reported a base-
line visual analog scale pain score of 7/10,
which improved to 2/10 at 48 hours post-pro-
cedure and 0/10 at 3-month follow-up, with
preserved mobility and no new symptoms
related to the ablation.

No delayed complications or local recur-
rence were identified, confirming both the
safety and early efficacy of the procedure.

Two supporting procedural videos are
available: Supplementary Video 1 illus-
trates transosseous CT-guided cannula
placement and electrode deployment;
Supplementary Video 2 demonstrates re-
al-time pulse delivery using the IRE system
interface.

Discussion

This case represents a pioneering applica-
tion of IRE in the field of musculoskeletal in-
terventional oncology. Pubic metastasis was
prioritized due to its symptomatic burden,
risk of functional compromise, and accessi-
bility for safe percutaneous intervention.

The successful ablation of a pubic bone
metastasis without thermal damage to adja-
cent urogenital structures highlights several
important technical and clinical consider-
ations.

First, IRE's non-thermal mechanism makes
it particularly valuable in regions where heat
or cold could cause unacceptable damage.
The preservation of connective tissue, vascu-
lature, and neural structures is a unique fea-
ture not shared by any other ablation modali-
ty.3*In the pelvis, this translates into potential
applications near the bladder, urethra, sacral
plexus, or neurovascular bundles—areas com-
monly involved by metastatic disease.

Second, the centripetal geometry of IRE
allows for the precise definition of the ab-
lation zone. Unlike the radial energy propa-
gation of thermal techniques, IRE confines
ablation to the area between the electrodes,
enabling better control in irregular or con-
strained anatomical regions.*

Third, the mechanical integrity of bone
may be better preserved with IRE compared
with thermal methods. Although RFA and
MWA are known to affect trabecular struc-

ture and increase fracture risk, IRE preserves
bone scaffolding,® potentially reducing the
need for cementoplasty or other reinforce-
ment procedures.

Preclinical studies have shown some risk
of nerve injury with IRE-particularly in spinal
or paraspinal locations-but also evidence
of subsequent axonal regeneration.” In our
case, no neurological symptoms were ob-
served post-procedurally; however, caution
is warranted when planning procedures near
major nerves.

Another interesting aspect is IRE's im-
munogenic potential. Several studies have
shown that IRE-induced cell death may pro-
mote antigen presentation and immune ac-
tivation, supporting possible synergy with
immunotherapy or immune-modulating
agents.’” This could be especially valuable in
metastatic disease, where systemic control is
also desired.

Although one case of IRE for a primary
malignant bone tumor (Ewing sarcoma) has
been reported, to our knowledge, this rep-

resents the first clinical application of IRE for

Figure 2. (a) Intraoperative view of the sterile setup showing the insertion of two Bonopty® 12-gauge coaxial
bone access cannulae (Primed®) for a transosseous approach to the right pubic bone under CT guidance. (b)
Intraoperative view showing coaxial insertion of the 19-gauge Nanoknife® IRE electrodes (AngioDynamics®)
through the Bonopty® bone access cannulae. (c) Axial MIP reconstruction showing aligned placement of
the right-sided 19-gauge IRE electrode targeting the osteolytic metastasis. (d) Coronal CT reconstruction
demonstrating that the two IRE electrodes are positioned at an appropriate distance from each other,
ensuring correct inter-electrode spacing for optimal electric field distribution. CT, computed tomography;
IRE, irreversible electroporation; MIP, maximum intensity projection.

Figure 3. Axial fused PET/CT image obtained 3 months after IRE treatment showing complete metabolic
response of the previously treated pubic bone metastasis. No residual FDG uptake is observed at the
ablation site, consistent with successful local tumor control. PET/CT, positron emission tomography/
computed tomography; IRE, irreversible electroporation; FDG, fluorodeoxyglucose.
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a metastatic bone lesion.? This distinction is
important in terms of anatomical context,
procedural planning, and therapeutic intent.

However, large-scale data are lacking, and
this application remains investigational.

In conclusion, standardization is urgently
needed for musculoskeletal IRE procedures,
including optimal electrode design, energy
delivery parameters, patient selection, and
integration with other therapies. Prospective
multicenter registries or trials would help de-
fine long-term outcomes and safety profiles.

Footnotes
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lesion. Muscle contractions (involuntary spasms) induced by irreversible electroporation are clearly visible during pulse application.
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PURPOSE
This study aimed to identify factors affecting the difficulty of transurethral double J (JJ) stent remov-
al in patients with renal transplants, using fluoroscopy time as a surrogate for procedural difficulty.

METHODS

Between January 2016 and November 2023, transurethral stent removal was attempted in 996 pro-
cedures (342 women, mean age 53.1 years). The following potential predictors of fluoroscopy time
were investigated using bivariate analysis: patient age, sex, performance of the procedure by an
attending physician alone, time from stent placement to removal, configuration and location of
stent loop in the bladder, and device used for removal. For each stent retrieval device type, a multi-
variable model was created, including covariates of interest.

RESULTS

Stent removal was technically successful in 99.2% of procedures. The mean fluoroscopy time for
successful removals was 4.9 minutes (range 0.1-39.6 minutes). There were 5 adverse events (5/996,
0.5%), consisting of 3 moderate and 2 mild severity events. A complex snare was used in 72.5%
of procedures, a simple snare in 6.0%, a looped guidewire in 31.6%, and forceps in 2.5%; multiple
devices were used in 11.9% of procedures. Patient sex, number of intravesicular stent loops, and
use of a simple snare, looped guidewire, and forceps predicted fluoroscopy time in bivariate analy-
ses. In multivariable models, mean fluoroscopy time was estimated to be 0.78 minutes less when a
complex snare was used (P =0.018), 1.87 minutes greater when a simple snare was used (P =0.002),
and 0.86 minutes greater when a looped guidewire was used (P = 0.014); the use of forceps was
not significant. When procedures using multiple devices were excluded, only the use of a complex
snare and looped guidewire remained significant.

CONCLUSION

Transurethral JJ stent removal has a high success rate and can be performed with a single device
in most cases. Use of complex snares and looped guidewires is associated with decreased and in-
creased fluoroscopy time, respectively, suggesting that use of these devices may impact procedural
difficulty.

CLINICAL SIGNIFICANCE

These results demonstrate that fluoroscopically guided transurethral JJ stent retrieval is an efficient
technique that may be offered instead of cystoscopic stent removal. Careful choice of removal de-
vice may improve speed and ease of transurethral stent retrieval.

KEYWORDS
Renal transplantation, renal, double J stent, snare
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ouble J (JJ) ureteral stent placement

has become commonplace in renal

transplantation, as data show that
stent placement results in reduced rates of
post-operative urinary leakage and ureteral
obstruction. A Cochrane systematic review
found that the incidence of major urologic
complications in renal transplants is reduced
with routine prophylactic stenting, with a
number needed to treat of 13 to prevent
such a complication.*

Stents are typically removed within sev-
eral weeks following transplant, either under
fluoroscopic guidance via a sheath inserted
into the urethra or using cystoscopy; remov-
al by tying the stent end to a Foley catheter
and then removing both by retracting the
Foley, as well as other techniques not guided
by imaging, may also be used.>”®

When performed under fluoroscopy via
a transurethral approach, several different
stent capture devices for the removal or ex-
change of JJ stents have been used, includ-
ing complex (multi-lobed) snares, simple
(single-lobed) snares,'®'" grasping devices
(forceps),'? a guidewire that is looped and
bent to form a lasso (“looped guidewire”),'>'*
and a “modified snare” technique in which
a guidewire is advanced around the stent
and then captured with a snare to form a
lasso.® Sometimes, a variety of these devic-
es and techniques is required, particularly
in the era of supply chain disruptions due
to the COVID-19 pandemic and other glob-
al events. Understanding how the choice of
removal device and other controllable fac-
tors affect-procedural difficulty is important
in maintaining procedural efficiency despite

* Double J (JJ) ureteral stents are routinely
placed at the time of renal transplantation,
and stent removal is required postopera-
tively. In 996 patients with renal transplants
in this study, JJ stent removal performed as
an outpatient procedure by interventional
radiology via a transurethral approach had
a >99% technical success rate, with a mean
fluoroscopy time of <5 minutes.

* Complex snares, simple snares, looped
guidewires, and forceps were used to cap-
ture JJ stents, and a single removal device
was successful in the great majority of pro-
cedures.

* The use of a complex snare and the use of
a looped guidewire were associated with
decreased and increased fluoroscopy time,
respectively, suggesting differences in pro-
cedural difficulty when these stent capture
devices were used.

these challenges. The goal of this study is to
assess the technical success of the procedure
and factors that affect fluoroscopy time, us-
ing this variable as a surrogate for procedural
difficulty.

Methods

Data collection and baseline characteristics

Patients with renal transplants who un-
derwent transurethral JJ stent removal at
a single academic center between January
2016 and November 2023 were identified
retrospectively using a procedural database.
The study was approved on July 8, 2024 by
the Institutional Review Board of the Univer-
sity of Pennsylvania (protocol #829470), and
a waiver of informed consent was obtained.
Data were collected from the patient chart,
imaging dictation, and the database of de-
vices used in each procedure (QSight, Owens
& Minor, Inc,, Richmond, VA, USA). Proce-
dures in which the intent was to remove a
renal transplant JJ stent via a transurethral
approach were included. The exclusion cri-
teria for analysis of predictors of fluoroscopy
time were removal of multiple stents in the

same procedure, performance of another
procedure using fluoroscopy in the same
encounter, inconsistency of the removal de-
vice noted in the imaging dictation and that
noted in the procedural device database,
the distal stent terminating in the ureter or
urethra, use of ultrasound only, or technical
failure. Technical success was defined as the
complete removal of the JJ stent from the
patient. Adverse events were identified and
classified using the Society of Interventional
Radiology guidelines.’

A total of 996 patients underwent stent
removal in this period; 116 were excluded
from the analysis of factors correlating with
total fluoroscopic time (Figure 1). After ex-
clusions, transurethral JJ stent removal was
performed in 880 procedures. Patient age
ranged from 20 to 77 years, with a mean age
of 53.1 + 12.9 years (Table 1). A total of 61.1%
of the patients were male (538 of 880), and
38.7% were female (342 of 880). The attend-
ing physicians’ years of experience ranged
from <1 year to >35 years, with a mean of
14.4 £ 9.6 years. The time to stent removal
ranged from 4 to 211 days, with a mean of
33.6 + 10.8 days.

Patient with renal transplant
presenting for JJ stent removal
(n=996)

A4

Excluded from analysis (n = 116)

e Multiple stents removed (n =
43)

e Multiple fluoroscopic
procedures in same encounter
(n=41)

e Removal device in imaging
dictation and device database
inconsistent (n = 18)

e Technical failure (n = 8)

e Distal stent in urethra (n =4)

e Removed using ultrasound only
(n=1)

e Multiple stents removed and
multiple fluoroscopic
procedures performed (n = 1)

Analyzed for predictors of
fluoroscopy time? (n = 880)

v v

v v

Removed using Removed using
complex snare simple snare (n
(n=638) =53)

Removed using Removed using
looped guidewire forceps (n =22)
(n=278)

Figure 1. Flowchart of the study population. 2, note that multiple devices were used in some procedures;

JJ, double J.
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Table 1. Baseline characteristics of patients and procedures, and bivariate associations between characteristics and fluoroscopy time

Variable Mean (SD) or count (%) (n = 880) Pvalue

Sex (female) 342 (38.9%) < 0.001

Age (years) 53.1(12.9) Not significant
Performed by attending physician alone 166 (18.9%) Not significant
Attending physician years of experience 14.4 (9.6) Not significant
Time to stent removal (days) 33.6 (10.8) Not significant
Double J loops in the bladder 0.016

No complete loop 58 (6.8%)

Single 523 (61.7%)
Double 267 (31.5%)
Double J loop bladder quadrant Not significant
12 to 3 o'clock 92 (10.9%)
3to 6 o'clock 348 (41.2%)
6to 9 o'clock 219 (25.9%)
9to 12 o'clock 81 (9.6%)
Central 105 (12.4%)
Double J loop located in bladder half opposite from kidney 572 (67.7%) Not significant
Use of complex snare 638 (72.5%) Not significant
Use of simple snare 53 (6.0%) <0.001
Use of looped guidewire 278 (31.6%) <0.001
Use of forceps 22 (2.5%) <0.001
Use of multiple devices 105 (11.9%) <0.001

SD, standard deviation.
Procedural technique

Prophylactic pre-procedural intravenous
antibiotics were administered, and the pro-
cedure was performed under moderate se-
dation. After insertion of a sheath through
the urethra and into the bladder over a wire,
the tip of the JJ stent was captured with a
complex snare [i.e., a multi-lobed or three-di-
mensional snare, such as an EN Snare® (Merit
Medical, South Jordan, UT, United States)],
simple snare [i.e., a single-lobed or goose-
neck-type snare, such as a ONE Snare® (Merit
Medical, South Jordan, UT, United States)],
looped guidewire, or forceps and was re-
moved through the sheath or together with
the sheath (Figure 2). The looped guidewire
technique has been previously described;™
in brief, a 0.018" or 0.025" guidewire was bent
into a lasso shape and advanced through the
sheath and then maneuvered around the
distal tip of the JJ stent before being retract-
ed to capture the stent between the lasso
and the sheath tip. The guidewire, sheath,
and JJ stent were then removed together,
and a final fluoroscopic image was obtained
to document complete removal.

Statistical analysis

Initially, technical success was calculated
from all 996 procedures performed. After ex-

Figure 2. Four methods of transurethral double J (JJ) stent removal performed via a sheath positioned in the
bladder. In each frame, the removal device is denoted by the thick arrow and the end of the JJ stent by the
thin arrow. Removal with (a) complex snare (i.e., multi-lobed or three-dimensional snare), (b) simple snare
(i.e., single-lobed or gooseneck-type snare), (c) looped guidewire, and (d) forceps are shown.
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clusions, summary statistics were computed
as means and standard deviations for contin-
uous variables. Percentages and frequencies
were used to summarize categorical mea-
sures. Bivariate associations between each
predictor variable and the fluoroscopy time
outcome measure were obtained using lin-
ear regression. Next, a separate multivariable
linear regression model was constructed for
each removal device type to assess the ex-
tent to which device types were predictive of
fluoroscopy time while adjusting for covari-
ates of interest. Each of these separate mod-
els was adjusted for patient sex, performance
of the procedure by an attending physician
alone (i.e., without a resident/fellow train-
ee), the attending physician’s years of expe-
rience, number of complete JJ stent loops
in the bladder, location of the distal JJ loop
within the bladder, time from stent place-
ment to stent removal, and use of multiple
devices in a single procedure. In addition, a
sensitivity analysis was conducted in which
procedures with multiple devices were ex-
cluded from multivariable models. Statistical
analysis was conducted using SAS Version
9.4 for Windows. An alpha level of 0.05 was
used to determine statistical significance.

Results

Technical success was achieved in 99.2%
of procedures (988/996). The most common
cause of failure was heavy encrustation of the
stent, resulting in the inability to removeit. In
three such patients, the stent was captured
and pulled to the perineum, but the proximal
loop could not be dislodged from the renal
pelvis; the distal loop was then replaced in
the bladder. In all three patients, the stents
were ultimately removed using percutane-
ous nephrolithotomy after failed cystoscopic
removal. In another patient, the intravesic-
ular portion of the stent fractured as it was
pulled; the fractured portion was removed
and was found to be heavily encrusted. The

retained stent portion was then success-
fully removed using cystoscopy. The times
between stent placement and stent remov-
al in these four patients with encrustation
were 28 days, 36 days, 69 days, and approx-
imately 15 years (this patient had had renal
transplantation performed at an outside in-
stitution). The other failures consisted of one
patient who did not tolerate placement of a
sheath through the urethra; one in whom the
procedure was aborted due to perforation at
the proximal urethra during wire and cathe-
ter placement into the bladder; one in whom
the distal JJ loop was found to be in the ure-
ter on the initial image; and one patient, who
had a preexisting percutaneous nephrosto-
my tube, in whom multiple initial attempts to
capture the JJ loop with various snares failed,
and therefore the stent was captured via the
existing nephrostomy access. There were five
adverse events (5/996, 0.5%), consisting of
three moderate and two mild severity events
(Table 2). There were no severe or life-threat-
ening adverse events.

After exclusions, fluoroscopy time for suc-
cessful cases ranged from 0.1 minutes to 39.6
minutes, with a mean of 4.9 + 4.8 minutes.
A single device was successful in 88.1% of
cases, with multiple devices used in 11.9%
of procedures (Table 1). A complex snare
was used in 638 (72.5%) procedures, a simple
snare in 53 (6.0%), a looped guidewire in 278
(31.6%), and forceps in 22 (2.5%). A 27-45
mm EN Snare® was the most used complex
snare, accounting for 96.2% (614/638) of cas-
es in which a complex snare was used; 4-8
mm, 12-20 mm, and 18-30 mm EN Snares®
were used in 0.2% (1/638), 1.6% (10/638),
and 2.7% (17/638) of cases in which a com-
plex snare was used, respectively. The most
used simple snare was a 35 mm snare (92.5%,
49/53 cases); a 5 mm snare was used in 1.9%
(1/53) and a 25 mm snare in 5.7% (3/53) of
cases in which a simple snare was used. A
0.025” wire was used in 93.2% (259/278) of

Table 2. Adverse events associated with double J (JJ) stent removal in 996 procedures

Event severity

Description and outcome

cases in which a looped guidewire was used,
and a 0.018" wire was used in 9.7% (27/278)
of these cases.

Bivariate analysis

Patient sex (P < 0.001), JJ loops in
the bladder (P = 0.016), and the use of a
simple snare (P < 0.001), looped guidewire
(P < 0.001), or forceps (P < 0.001) were iden-
tified as predictors of fluoroscopy time in bi-
variate analyses (Table 1). Male patients had
amean fluoroscopy time of 5.4 £ 0.2 minutes,
and female patients had a mean fluoroscopy
time of 4.1 = 0.3 minutes. JJ stents with no
complete pigtail loop in the bladder were
associated with increased fluoroscopy time
compared with those with single and double
loops in the bladder, with mean differences
of 1.3 minutes (P = 0.041) and 1.9 minutes
(P =0.005), respectively. The time from stent
placement to stent removal, performance
of the procedure by an attending physician
alone without a trainee, attending physician
years of experience, location of the distal JJ
loop in the bladder, positioning of the dis-
tal JJ loop in the bladder half opposite from
the transplant kidney, and use of a complex
snare were not found to be significantly asso-
ciated with fluoroscopy time (P > 0.05).

Multivariable analysis

Multivariable models by device type ad-
justed for potential confounders estimated
mean fluoroscopy time to be 0.78 + 0.33
minutes less when a complex snare was used
(P=0.018), 1.87 £ 0.61 minutes greater when
a simple snare was used (P = 0.002), and
0.86 + 0.35 minutes greater when a looped
guidewire was used (P = 0.014) (Table 3).
The use of forceps was no longer significant-
ly associated with fluoroscopy time in this
model. Patient sex remained significantly as-
sociated with fluoroscopy time within each
model, with female sex associated with a
decreased mean fluoroscopy time ranging

Mild

Perforation of hydrophilic wire through bladder during sheath placement. Foley catheter was placed after JJ removal due to

hematuria. Urine cleared in recovery and Foley was removed. Patient voided without issue.

Mild

Perforation of hydrophilic wire through urethra during sheath placement. Foley catheter was placed after JJ removal. After

discussion with transplant team, Foley was removed in recovery area. Patient voided without issue.

Perforation of wire through proximal urethra/bladder neck. JJ removal aborted, Foley left in place. Patient returned 1 week later

Moderate

retention requiring outpatient Foley replacement, removed after 1 day.

for repeat attempt and JJ stent was removed. Foley catheter removed at that time. Following this, patient had acute urinary

JJ removal was performed while patient was on oral antibiotics for urinary tract infection (UTI). Single dose of ceftriaxone

Moderate

pseudomonas UTI. Sent home the next day on course of oral antibiotics.

Moderate
cystoscopy.
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Table 3. Multivariate associations between device used and fluoroscopy time?

Variable Change in estimated mean fluoro time (minutes) Standard error P value
Use of complex snare —-0.78 +0.33 0.018
Use of simple snare 1.87 +0.61 0.002
Use of looped guidewire 0.86 +0.35 0.014

2Each model was adjusted for the following covariates of interest: patient sex, whether the procedure was performed by an attending physician alone, the attending physician’s
years of experience, number of complete loops at the distal end of the double J (JJ) stent in the bladder (“JJ loops in bladder”), location of the distal JJ loop within the bladder,
time from stent placement to stent removal, and use of multiple devices in a single procedure.

from 0.95 + 0.29 minutes (P = 0.001) in the
model assessing the effect of simple snare
use to 1.07 £+ 0.29 minutes (P < 0.001) when
assessing looped guidewire use. The number
of complete JJ stent loops in the bladder was
no longer significant in these multivariable
models.

Sensitivity analysis

Due to the underrepresentation of pro-
cedures using multiple devices (11.9%), a
sensitivity analysis was conducted where
procedures in which multiple devices were
used were excluded. When these multiple
device procedures were excluded from the
multivariable models, the use of a complex
snare remained significantly associated with
decreased fluoroscopy time (P = 0.019), with
a mean fluoroscopy time decreased by 0.69
+ 0.29 minutes, and use of a looped guide-
wire remained significantly associated with
increased fluoroscopy time (P =0.014), with a
mean fluoroscopy time greater by 0.76 + 0.31
minutes. However, the use of a simple snare
was no longer significant.

Discussion

This study demonstrates a technical suc-
cess rate of 99.2% for transurethral JJ stent
removal following renal transplant, with a
mean fluoroscopy time of <5 minutes and
an extremely low adverse event rate. This
is in line with previous studies, which have
reported technical success rates of 95.7%-—
98.2% in large series assessing JJ stent re-
moval or removal and replacement and a
mean fluoroscopy time of 12.7 minutes in a
study assessing removal alone.''"'¢ Half of
the eight failures in this study were related
to heavy encrustation causing difficulty dis-
lodging the stent from the renal pelvis. Inter-
estingly, the time from stent placement to
stent removal in three of these patients was
well within the range of time to stent remov-
al in successful cases, and in two patients was
within one standard deviation of the mean
time to stent removal in successful cases.
Overall, encrustation leading to procedur-
al failure was extremely rare among stents
removed within and beyond the approxi-

mately 30-day timeframe typically utilized at
our institution. Additionally, time from stent
placement to stent removal did not correlate
with fluoroscopy time in bivariate analysis.
The formation of significant encrustation
causing difficult stent removal may be more
related to differences in patient physiology
than to the timing of stent removal.

Successful transurethral JJ stent removal
required only a single removal device in ap-
proximately 90% of patients. Multivariable
analysis demonstrated that the use of a com-
plex snare was associated with decreased
fluoroscopy time, and the use of a looped
guidewire was associated with increased flu-
oroscopy time; each remained significantly
associated with increased fluoroscopy time
when procedures in which multiple devices
were used were excluded. Choosing to use a
complex snare as the initial removal device
may increase procedural efficiency, where-
as choosing to use a looped guidewire may
reduce efficiency and increase procedural
difficulty compared with other devices. De-
spite this, looped guidewires remain a viable
option, an important consideration when
the availability of preferred devices may be
disrupted by supply chain issues or in low-re-
source environments. Looped guidewires do
have the advantage of lower equipment cost
compared with snares; further studies could
investigate whether this may partially offset
the increased cost of greater mean procedur-
al time.

Use of a simple snare was also associat-
ed with fluoroscopy time in a multivariable
model; however, this relationship did not
persist when procedures in which multiple
devices were used were excluded from the
model. This finding was likely due to the
relatively rare use of simple snares as an ini-
tial removal device at our institution; these
snares were the device of choice in only 4.0%
(31/775) of procedures in which a single de-
vice was used. Additionally, 41.5% of proce-
dures using simple snares were procedures
in which multiple devices were used, com-
pared with only 33.5% of procedures using
looped guidewires and 13.3% of those using
complex snares.

Few previous studies have assessed fac-
tors influencing fluoroscopy time in transure-
thral JJ stent removal. One study found that
the distal stent loop position in the bladder
and the number of loops in the JJ stent were
significantly associated with fluoroscopy
time.”® In contrast, we found no association
of JJ loop position with fluoroscopy time,
and although we did find a bivariate correla-
tion of the number of JJ loops in the bladder
with fluoroscopy time, this did not persist in
a multivariable analysis. In this prior study,
time from stent placement to removal was
not predictive of fluoroscopy time, which
was corroborated in our study. Our study
also found female patient sex to be associat-
ed with decreased fluoroscopy time in both
bivariate and multivariate analyses; this may
be due to differences in anatomy requiring
more fluoroscopic guidance during place-
ment of the transurethral sheath prior to
stent removal. One prior study of de novo
retrograde ureteral stent placement found
that use of ultrasound to guide the sheath
to the ureteral orifice during the procedure
was associated with a significant decrease in
fluoroscopy time.” Although we used ultra-
sound for stent removal in only 1 of 996 pro-
cedures, it is possible that using ultrasound
as an adjunct imaging technique could re-
duce fluoroscopy time in cases where engag-
ing the end of the stent with the capture de-
vice is difficult, and this could be considered
for future study.

This study is by far the largest in existence
to examine transurethral JJ stent removal
due to our institution’s high volume of renal
transplants, as well as referral pattern to in-
terventional radiology for stent removal rath-
er than to urology for cystoscopic removal.
The size of the cohort increases the accuracy
of our estimation of technical success and
peri-procedural adverse events. Additional-
ly, the inclusion of only a relatively homog-
enous population by limiting the study to
patients with renal transplants allows more
precise analysis of technical factors that
may affect procedural difficulty. Although
two prior studies focused on factors affect-
ing procedural time in transurethral JJ stent
removal, one only used snares - therefore,
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different removal methods were not com-
pared'™ - and one only compared the use of
forceps to a modified loop snare technique.®
In contrast, our study includes four different
methods of stent removal while examining a
variety of other factors that could affect the
difficulty of stent removal.

Patients with renal transplants are a
unique population with key differences from
other populations that typically require JJ
stent removal or replacement. JJ stents in
these patients are placed during surgery
and typically left in place for only 4-6 weeks
before removal, rather than the 3-6 months
that JJ stents are usually left in place before
exchange in patients requiring chronic stent-
ing. Stenting at the time of transplant is as-
sociated with a lower rate of urinary obstruc-
tion and leak than in non-stented groups;
however, there is an increased risk of urinary
tract infection if the stent is left in place for
>30 days.>* Despite this finding and the im-
munosuppressed nature of these patients,
our data show that periprocedural infec-
tion-related adverse events are exceedingly
rare with transurethral JJ removal.

Our study has several limitations. Al-
though it has a large sample size, the fact
that it is retrospective makes it difficult to ful-
ly account for inherent biases — even through
using multivariable regression and a sensitiv-
ity analysis — such as the preferential use of
devices as a first-line choice among different
interventionalists. Use of forceps was rela-
tively uncommon, occurring in only 2.5% of
procedures; therefore, the lack of a signifi-
cant association of forceps use with fluoros-
copy time is difficult to interpret. Similarly,
the sample is unrepresentative of cases with
multiple devices, which were only used in
11.9% of procedures. Additionally, the med-
ical record does not document which device
was first used, which device was ultimately
successful in removing the stent, or how long
each device was used during multiple device
procedures, limiting the conclusions that
may be drawn. Finally, other factors that may
have an influence on the difficulty of stent
removal, such as the exact brand and size of
the stent and the years of experience of the
resident or fellow who assisted with the pro-
cedure, were not assessed.

In conclusion, transurethral JJ stent re-
moval in patients with renal transplants has
a high technical success rate and short mean
fluoroscopy time and requires only a single
device in most patients. The use of a complex
snare is associated with decreased fluorosco-
py time, and the use of a looped guidewire is
associated with increased fluoroscopy time,
suggesting decreased and increased proce-
dural difficulty with these removal devices,
respectively.
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PURPOSE

The traditional imaging exam to check a gastrostomy tube (G-tube) used fluoroscopy, which re-
quires the presence of a radiologist. Evaluate the effectiveness of an alternative 2-view abdominal
radiograph exam protocol instituted to replace the prior fluoroscopic G-tube contrast check exam
and provide 24/7 coverage at 2 affiliated hospitals.

METHODS

An alternative 2-view G-tube check radiograph exam following stratified contrast administration
was introduced at 2 affiliated children’s hospitals. Gastrostomy-tube radiograph exams performed
between December 2019 and May 2022 at 2 affiliated hospitals were identified, and a retrospective
chart review was performed to delineate exam test yield, accuracy, sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV). Additional data collected included
exam adherence to the protocol, 30-day adverse events, reporting time, and the years of experi-
ence of the reporting pediatric radiologist.

RESULTS

A total of 227 exams were performed among 186 patients. The 2-view radiograph protocol was
followed in 81.9% (186/227). Additional radiograph views were performed for 18.1% (41/227) of
cases, and additional contrast volume for 9.3% (21/227) of cases. A fluoroscopic G-tube contrast
check was requested for 7 of 13 indeterminate readings with high clinical suspicion. Following the
reclassification of indeterminate exams based on clinical suspicion, exam performance results were
as follows: test yield, 94.3%; accuracy, 97.8%; sensitivity, 90.0%; specificity, 98.2%; PPV, 69.2%; NPV,
99.5%. The 1 false negative exam required a second hospital visit 7 days after the initial exam to
detect and correct G-tube malposition. Reporting time under 1 hour occurred in 79.7% (181/227).
Delayed radiology reporting in 1 patient led to endoscopic confirmation of abnormal G-tube align-
ment. Furthermore, 5.7% (13/227) exams were reported as indeterminate, adding a median time
delay of 40 minutes (interquartile range, 90). Indeterminate exam reporting did not correlate with
the years of experience of the reporting pediatric radiologist (P = 0.189). Reporting time over 1 hour
occurred more often in the after-hours group (P = 0.032).

CONCLUSION

This alternative diagnostic exam performed well in terms of high test yield, accuracy, sensitivity,
specificity, and NPV. The exam mostly followed protocol, allowed for the timely and safe resumption
of G-tube use, and provided the remote coverage needed for a new satellite hospital.

CLINICAL SIGNIFICANCE
This diagnostic radiograph exam replaced the on-site fluoroscopic exam as the initial imaging exam
for G-tube checking in our pediatric population.

KEYWORDS
Fluoroscopy, G-tube check, gastrostomy, pediatrics, radiographs
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hortages in the pediatric radiologist

and technologist workforce in North

America have increased the remote
reading of diagnostic imaging exams."? Con-
currently, healthcare leaders have demanded
increased evening/overnight final reads of
diagnostic imaging exams.? To avoid perito-
neal leakage complications, imaging checks
of a replaced or malfunctioning gastrostomy
tube (G-tube) are often requested to ensure
appropriate tube alignment prior to resum-
ing tube use for hydration, nutrition, and
medications. Imaging verification of G-tube
alignment has traditionally been a fluoro-
scopic exam performed by an on-site pedi-
atric radiologist. An alternative approach is a
diagnostic abdominal radiograph exam fol-
lowing protocoled contrast administration.*
An unpublished survey from the Society of
Chiefs of Radiology at Children’s Hospitals
(SCORCH) in 2019 provided support for this
alternative approach, but clinical validation is
needed to support practice implementation.
The following report describes our experi-
ence using a 2-view abdominal radiograph
exam with stratified contrast administration
for 2 affiliated children’s hospitals, as the sat-
ellite hospital lacked after-hours radiologist
availability for an on-site fluoroscopic exam.

Methods

Institutional Review Board (IRB) approval
(protocol number: 263194) was obtained to
collect retrospective data of all G-tube ab-
dominal radiograph exams performed using
an alternative protocol between December
2019 through May 2022 at an established
central children’s hospital and a new sat-
ellite children’s hospital with a shared Epic
electronic health record (Epic Systems, Ve-
rona, WI, USA). Need for informed consent
was waived by the IRB for this retrospective
study. Both hospitals had pediatric radiolo-
gy staff coverage during daytime hours; the
satellite hospital lacked after-hours pediatric

* Gastrostomy-tube (G-tube) check radio-
graph exam performance: test yield, 94.3%;
accuracy, 97.8%; sensitivity, 90.0%; specific-
ity, 98.2%; positive predictive value, 69.2%;
negative predictive value, 99.5%.

* The alternative radiograph exam capably
replaced fluoroscopy as the initial imaging
exam for G-tube checking.

* Remote readings allowed for after-hours
coverage in a satellite hospital 3 hours away,
which lacked the presence of an on-site af-
ter-hours pediatric radiologist or radiology
resident.

radiologist or radiology resident coverage.
Radiograph examinations ordered with the
description “XR G-tube CHECK W CONTRAST
ABD 2VW" were identified in a shared pic-
ture archiving and communications system
(PACS, Fuji Synapse, FUJIFILM, Lexington,
MA, USA); a Research Electronic Data Capture
(REDCap, Vanderbilt University, Nashville, TN,
USA) database was created. Study inclusion
criteria comprised a completed radiograph
exam for a G-tube check. Exclusion criteria
were cancelled radiograph exams or the use
of this radiograph exam for enteric tubes
other than G-tubes [e.g., nasojejunal or gas-
trojejunostomy (GJ) tube] (Figure 1).

The radiograph exam protocol (Figure 2)
was developed in consultation with physi-
cians from the emergency department and
pediatric surgery service; a collaborating ra-
diology department supervisor ensured pro-
tocol understanding of the existing and new
radiology technologists (RTs). Our approach
included a 2-view abdominal radiograph
exam following contrast administration [Cys-
to-Conray I, 17.2% (Guebert, Princeton, NJ,
USA)] by the RT, stratified by patient age: 10
mL for patients under 1 year, 15 mL for 1-5
years, and 20 mL for patients over 5 years
old.> A cross-table lateral radiograph (Figure
3a) was followed by a frontal radiograph with
the patient in a right lateral decubitus posi-
tion (Figure 3b). Upon exam completion, the
RT contacted the pediatric radiologist cover-
ing the fluoroscopy work assignment or the
on-call pediatric radiologist via a phone call,
beeper page, or a Secure Chat message in
Epic. The reviewing radiologist could request
additional views and/or additional contrast
as needed. Overnight radiology residents at
the central hospital reviewed some exams

and provided a preliminary report note in
Epic, which was subsequently reviewed by
the reporting pediatric radiologist.

Report results were classified as positive
(abnormal exam with abnormal G-tube re-
tention component alignment, peritoneal
air, or extraluminal contrast leakage; see
Figure 4), negative (normal exam with nor-
mal intraluminal contrast flow and normal
G-tube retention component alignment; see
Figure 3), orindeterminate (equivocal G-tube
retention component alignment or uncer-
tainty of intraluminal contrast; Figure 5a). To
determine exam sensitivity and specificity,
indeterminate exams were reclassified based
on clinical suspicion, a method suggested
by several researchers.®” Specifically, when
an indeterminate exam was accompanied
by low clinical suspicion of G-tube malposi-
tion/malfunction by the consulted pediatric
surgery team or other referring service, no
further imaging was performed, and the
study was reclassified as a negative (normal)
radiograph exam. When there was high clini-
cal suspicion of G-tube malfunction (such as
pain with G-tube use) by the consulted pe-
diatric surgery team or requesting service,
a fluoroscopic G-tube contrast check was
requested, and the radiograph study was re-
classified as a positive (abnormal) radiograph
exam.

Fluoroscopic exam protocol

For indeterminate radiograph exams with
high clinical suspicion, a referring physi-
cian ordered a fluoroscopic G-tube contrast
check, and the RT contacted the pediatric ra-
diologist to perform an on-site exam. The pe-
diatric radiologist traveled to the fluoroscopy
suite from off-site or an on-site assignment

Exam ordered in shared PACS, 2 institutions:
XR G-TUBE W CONTRAST ABD 2 VW

(n=239)
Exam cancelled,
no radiographic exam performed =1
(=3)
Exam performed for alternative enteric tube (n=9):
—_—

Gastrojejunostomy (GJ) tube check (n = 4)
Transpyloric/NJ tube check (n =2)
Cecostomy tube check (n = 2)
Jejunostomy tube check (n =1)

Radiographic exam for G-tube check completed

=227

Figure 1. Study flowchart. PACS, picture archiving and communications system; XR, X-ray; G-tube,
gastrostomy tube; W, with; ABD, abdomen; VW, view; GJ, gastrojejunostomy; NJ, nasojejunal.
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and protocoled the exam contrast in Epic [fa-
voring a water-soluble contrast: Cysto-Con-
ray Il, 17.2%, or Cystografin-Dilute, 18%
(Bracco Diagnostics, Princeton, NJ, USA)].
This pediatric radiologist then obtained flu-
oroscopic images following the injection of
a contrast through the G-tube in both later-
al and frontal positions. The exam was tai-
lored to confirm intraluminal contrast flow
(gastric or gastroduodenal per the pediatric
radiologist’s judgement), confirm appropri-
ate G-tube retention component alignment
within the gastric lumen, and detect any ex-
traluminal contrast leakage. The G-tube was
then flushed with 10 mL of sterile water, and
the images were sent to the PACS.

Requesting physician orders radiograph exam

l

Contrast volume protocolled per patient age
Contrast: Cysto-Contrary II (17.2%):
10 mL: under 1 year,
15 mL: 1-5 years,
20 mL: over 5 years

|

Radiology Technologist (RT) setup
RT performs contrast screening in Epic and gathers supplies
(contrast, cath tip syringe, sterile water, G-tube extension
tubing/adapter)

l

Cross-table lateral radiograph
RT positions the patient supine in the Radiology Department —
for a cross-table lateral abdomen radiograph

Epic data collection included demograph-
ics (age, weight, biological sex), clinical indi-
cation, referral location (Table 1), number of
radiograph views, contrast volume adminis-
tered, and exam reporting times (under or
over 1 hour). Reporting time was defined as
the time from exam uploading into PACS to
pediatric radiologist report completion; for
after-hours exams, reporting time was de-
fined as the time of the radiology resident’s
preliminary report completion. Reporting
times over 1 hour were compared between
exams performed during daytime hours
(Monday-Friday, 08:00-17:00) and those
performed after-hours.

XR G-TUBEW CONTRASTABD 2VW —

RT (or requesting physician/patient’s nurse) injects contrast,
RT clamps extension tubing,
RT takes cross table lateral abdomen radiograph

|

Right lateral decubitus radiograph
RT positions patient in right side down position,
RT unclamps extension tubing,
RT flushes G-tube with 10 mL of air,
RT takes right lateral decubitus abdomen radiograph

l

Uploading radiographs and reporting results
RT puts 2-view abdomen radiographs on PACS,
RT contacts covering radiologist (Fluoroscopy staff, in house staff, or
radiology resident) to report results to the requesting service

|

Final G-tube flush
RT flushes G-tube with 10 mL of sterile water

Figure 2. G-TUBE checks using radiographs: exam protocol.® XR, X-ray; G-tube, gastrostomy tube; W, with;

ABD, abdomen; VW, view; PACS, picture archiving and communications system.

Figure 3. A 17-month-old male had gastrostomy tube (G-tube) dislodgement 4 months following surgical
placement. After the surgery team placed a new G-tube button, a G-tube check radiograph exam was
ordered, which was observed to be normal. (a) A cross-table lateral abdomen radiograph shows intraluminal
contrast flow into the gastric lumen (*) and duodenum (arrow). Intraluminal gastric contrast outlines the
tube retention balloon (arrowheads). (b) A right-lateral decubitus radiograph shows gastric luminal contrast
(*) and contrast flow into the proximal duodenum (arrow). Gastric luminal contrast outlines the G-tube
retention balloon (arrowheads) on this normal exam.

Any additional time delay for indeter-
minate exams was calculated as the time
between the reporting of the radiograph
exam as indeterminate to the onset of a
fluoroscopic exam or resumption of G-tube
use. After-hours exams performed at the
satellite hospital and read remotely by the
pediatric radiologist at the central children’s
hospital were identified, as a lack of this ra-
diograph exam may have required an ambu-
lance transport to the established children’s
hospital 3 hours away. Indeterminate exam
readings by a pediatric radiologist with less
experience (5 years or less) were compared
to indeterminate exam readings by pediatric
radiologists with greater experience (more
than 5 years).

To confirm a negative radiograph exam, a
chart review was performed to identify any
30-day adverse events, a standard used by
the Society of Interventional Radiology.® Pos-
itive (abnormal) G-tube radiograph exams
were acted on accordingly by a subspecialist

Cross Table

Figure 4. Cross-table abdominal radiograph shows
the gastrostomy tube (G-tube) retention component
appears to be within the gastric lumen (arrowheads),
and gastric luminal contrast flow (¥) is seen. However,
a large pneumoperitoneum is seen (arrows) in this
patient with pain and tenderness at the G-tube site
2 days after percutaneous endoscopic gastrostomy
tube placement. This patient required surgical
revision of a loose G-tube gastric entry site that was
leaking into the peritoneal cavity.
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[pediatric surgery team, pediatric interven-
tional radiology (IR) team] to obtain a normal
G-tube alignment and resume G-tube use.

Statistical analysis

Diagnostic test characteristics [yield, ac-
curacy, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive
value (NPV)] were calculated according to a
standard formula,® excluding the 13 exams
reported as indeterminate, and again after
reclassifying the indeterminate exams based
on clinical suspicion, as described in the
“Methods” and “Discussion” sections. Confi-
dence intervals (Cl) for sensitivity and spec-
ificity were calculated according to the score
Clformulae of Agresti and Coull® as described
in Zhou et al.”® The association between in-
determinate reports and staff experience (5
years or less vs. more than 5 years), as well as
the association of after-hours exams with re-
porting times (less than 1 hour vs. more than
1 hour), was assessed by chi-square using the
software package StatXact-12 [v.12.0; Cytel
Studio, 2019 (Cytel, Cambridge, MA, USA)]. A
value of P < 0.05 was considered statistically
significant.

Results

A total of 239 G-tube check exams were
identified, and 12 were found to meet exclu-
sion criteria, leaving 227 exams among 186
patients over the 2.5-year study period (Fig-
ure 1). Patient demographic details, referral
location, and clinical indication are provided
in Table 1.

The overall test yield was 94.3% (214/227),
with a normal or abnormal exam reported.
Normal exams (true negative) were found in
93.8% (213/227) of cases (Table 2); all nega-
tive exams were confirmed at a 30-day chart
review. Five of the 227 radiograph exams
(2.2%) were positive (abnormal) at the ini-
tial (primary) analysis. Findings on true pos-
itive exams at the initial analysis included a
G-tube retention component in the abdom-
inal wall or superficial gastrostomy tract an-
terior to the stomach (n = 3), intraperitoneal
contrast leakage (n = 1), and large pneumo-
peritoneum (n = 1). Free extraluminal (peri-
toneal) air was seen on 3 exams, all within
7 days of the primary G-tube placement. In
one of these cases, free air was a large vol-
ume in a symptomatic patient, and surgical
revision was required. In the 2 other cases,
the post-operative free air was minor and of
no clinical significance.

Thirteen exams were reported as inde-
terminate, predominantly due to uncertain-

ty related to G-tube retention component
alignment within the gastric lumen. The in-
determinate exams had a median time delay
of 40 minutes [interquartile range (IQR): 90].
Indeterminate exam reporting did not cor-
relate with years of experience as a pediatric
radiologist (P = 0.189). Of the 13 indetermi-
nate exams, 5 had no follow-up imaging (low
clinical suspicion) and were reclassified as
true negatives. Seven indeterminate exams
with high clinical suspicion underwent fluo-

roscopy, 4 of which confirmed normal G-tube
placement and were reclassified as false pos-
itives. An additional 3 indeterminate exams
with high clinical suspicion revealed malpo-
sitioned G-tubes at fluoroscopy and were
reclassified as true positive exams. The re-
maining indeterminate exam was particular-
ly challenging to re-classify due to a delayed
radiology report and differing clinical suspi-
cion of the surgery and intensive care refer-
ring services. Specifically, the radiograph re-

Figure 5. A 17-year-old female with an indeterminate abdomen radiograph exam and high clinical suspicion
who underwent a fluoroscopic gastrostomy tube (G-tube) contrast check exam confirming a true positive
(abnormal exam). (a) Right lateral decubitus abdomen radiograph shows definitive intraluminal contrast
flow into the gastric lumen (G) and duodenum (D). However, alignment of the G-tube retention component
(arrow) within the gastric lumen is uncertain. (b) Left posterior oblique view during a fluoroscopic G-tube
contrast check shows the G-tube retention component (arrow) outside of the gastric luminal contrast (*).

Table 1. Patient characteristics

Variable fr)]v:rzalzln
Age (years), median (IQR) 1.5(8.3)
Weight (kg), median (IQR) 10(16.8)
Biological sex

Female — n (%) 98 (43.2%)
Male - n (%) 129 (56.8%)
Indications

G-tube dislodged with routine replacement, n (%) 90 (40.1%)
G-tube dislodged with difficult replacement, n (%) 40 (17.6%)
G-tube leaking, n (%) 32 (14.1%)
Pain with G-tube feeds, n (%) 23 (10.1%)
Vomiting with G-tube feeds, n (%) 23(10.1%)
G-tube partially dislodged, n (%) 9 (4%)
G-tube malfunction (not specified), n (%) 4 (1.8%)
Resistance to G-tube flush/infusion, n (%) 2 (0.9%)

Other, n (%)

Referral location

26 (11.5%)

Emergency department 154 (67.8%)
Inpatient 57 (25.1%)
Outpatient 16 (7%)
IQR, interquartile range; ... G-tube, gastrostomy tube.
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port described the presence of a small bowel
contrast but no visualization of gastric lumi-
nal contrast and raised suspicion of transpy-
loric malposition of the distal G-tube seg-
ment (note: this patient had a longer G-tube
type that was atypical for this study cohort
with a variable tract length). This indetermi-
nate exam was reported 2 hours after the
exam was uploaded into PACS; the surgery
team had already completed their consulta-
tion, had low clinical suspicion, and conclud-
ed that the radiograph exam was normal (no
fluoroscopic exam recommended). However,
the intensive care team remained concerned
due to high gastric residuals via the nasogas-
tric tube and requested an endoscopy, which
confirmed gastric obstruction due to migra-
tion of the retention balloon of the G-tube.
This indeterminate radiograph exam was,
therefore, reclassified as a true positive exam.

The one 30-day adverse event involved a
patient with autism, where the initial radio-
graph exam was read as normal. This patient
returned to the emergency department 7
days later with increased abdominal pain and
leakage at the ostomy site, and G-tube reten-
tion component malposition was confirmed
on a repeat G-tube abdominal radiograph
exam. Subsequent peer review of the initial
G-tube check exam demonstrated G-tube
retention component tract malpositioning,
resulting in reclassification of this exam as a
false negative exam (Figure 6).

Figure 6. A 14-year-old male with autism and
abdominal pain at the gastrostomy tube (G-tube)
site. The right lateral decubitus radiograph
shows separation between the G-tube retention
component (arrow) and gastric luminal contrast
(arrowheads). This exam was reclassified as a false
negative exam on pediatric radiology group peer-
review assessment.’

Excluding indeterminate results, the exam
performance metrics were as follows: sen-
sitivity, 83.3%; specificity, 100%; PPV, 100%;
NPV, 99.5%; accuracy, 99.5%. After reclas-
sifying the indeterminate exams based on
clinical suspicion, the performance metrics
were as follows: sensitivity, 90.0%; specifici-
ty, 98.2%; PPV, 69.2%; NPV, 99.5% (Table 2);
[95% Cl for sensitivity (59.4%, 98.1%); 95% Cl
for specificity (94.5%, 98.4%)]. Test accuracy
(true positives + true negatives/total exams)
was 99.5% when excluding indeterminate
results and decreased slightly to 97.8% after
reclassification of the indeterminate exams.

Table 3 provides data on protocol adher-
ence and shows that the standard 2-view
radiograph protocol was followed in 81.9%
(186/227) of cases. On a retrospective review
of additional radiograph views, a majority
appeared to have been performed for diag-
nostic purposes (to confirm G-tube retention
component alignment or duodenal contrast
flow) and less commonly for technical fac-
tors (radiograph coverage, faintly adminis-
tered contrast, radiograph exposure issue).
Furthermore, 78.9% (179/227) of the exams
adhered to the contrast volume protocol. A
contrast volume greater than the stratified
volume was administered in 9.3% (21/227) of
the studies.

Table 2. G-tube check radiographs: exam perfo

Primary analysis

Exam reporting time occurred under 1
hour in 79.7% (181/227). Reporting times
longer than 1 hour occurred more often in
the after-hours group (P = 0.032). Radiology
resident preliminary readings were found in
36.1% (82/227) of the exams and concurred
with the final pediatric radiologist report
in 96.3% (79/82) of the exams. Conversely,
5.7% (13/227) exams were reported as in-
determinate, adding a median time delay of
40 minutes (IQR: 90). Ten exams, performed
after-hours at the satellite hospital, were in-
terpreted remotely at the central children’s
hospital, thereby potentially avoiding an in-
ter-hospital ground transport.

Discussion

In this retrospective study of 227 G-tube
radiograph exams, we found a high over-
all exam yield (94.3%), with high accura-
cy (97.8%), sensitivity (90.0%), specificity
(98.2%), and NPV (99.5%). These results
demonstrate that a 2-view abdominal radio-
graph exam with stratified contrast admin-
istration can reliably evaluate G-tube posi-
tioning. With a shared PACS workstation, 2
affiliated hospitals received 24/7 reporting,
despite limited on-site pediatric radiologist
and radiology resident coverage.

The current shortage of pediatric radiol-
ogists is expected to continue into future

rmance

+
(G-tube
malfunction)

+ 5
(Positive) True positive

Indeterminate (13)

- 1
(Negative) False negative

(G-tube in normal position)

0
False positive

208
True negative

Secondary analysis (indeterminate exams re-classified with clinical suspicion)

+
(G-tube
malfunction)
+ 9
(Positive) True positive
- 1
(Negative) False negative
Test yield 94.3%
Accuracy 97.6%
Sensitivity* 90.0%
Specificity** 99.2%
Positive predictive value 69.2%
Negative predictive value 99.5%

(G-tube in normal position)

4
False positive

213
True negative

*Sensitivity: 95% confidence interval (59.4%, 98.1%); **Specificity: 95% confidence interval (94.5%, 98.4%); G-tube,

gastrostomy tube.
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years, as the number of pediatric radiology
fellowship trainees has been decreasing for
several years and the advancing age of pe-
diatric radiologists nearing retirement.’"'
This shortage comes at a time when the
leadership of children’s hospitals has great-
er expectations of 24/7 final reads of im-
aging exams, as well as expectations of
coverage for a greater number of affiliated
institutions.”' During the coronavirus dis-
ease 2019 pandemic, the remote reporting
of pediatric radiology exams experienced a
marked increase, as evidenced by a SCORCH
survey; 95.8% of groups now incorporate
remote reading work assignments into their
staffing schedules, up from 50% prior to the
pandemic.!

At our institution, a change from the tra-
ditional fluoroscopic contrast checking of
a G-tube by an on-site pediatric radiologist
was necessitated after a new affiliated sat-
ellite children’s hospital opened that lacked
after-hours pediatric radiologist availability
for an on-site fluoroscopic exam. Prior to this
alternative protocol, such after-hours exams
usually required a pediatric radiologist trav-
eling to the hospital for an on-site fluoro-
scopic G-tube check. This study validates the
prior single institution report of a radiograph
exam performance where patients received
either a radiograph exam or a fluoroscopic
exam for both G-tube and GJ-tube checks,
based on the availability of an attending ra-
diologist in the hospital.* At our institution,
the radiograph exam was the initial imaging
exam for all G-tube checks; potential GJ-tube
malfunctions at our institution are assessed
by the IR service and were not intended to be
included in this radiograph exam protocol.

Regarding the 2-view abdominal radio-
graph exam, the cross-table lateral view
was chosen to look for pneumoperitoneum,
G-tube alignment relative to the gastric lu-
men (Figure 3a), and intraluminal contrast
flow. The subsequent right lateral decubitus
radiograph was chosen to optimize detect-
ing the duodenal contrast flow (Figure 3b).
An age-based protocol for the volume of
contrast to administer was devised to simpli-
fy this step for the RT performing the study,
as an up-to-date weight may be lacking in
the medical record at the time the study is
ordered.

Indeterminate exams were mainly relat-
ed to the uncertainty of the position of the
G-tube retention component in the gastric
lumen or the gastrostomy tract (Figure 4).
Publications reporting the performance of a
diagnostic study often exclude or mishandle

Table 3. Protocol adherence/variance
Correct radiograph views per protocol, 81.9% (186/227)
Additional radiograph views, 18.1% (41/227)

View Total
Cross-table lateral 27
Right lateral decubitus 16
Frontal supine 11
Left-lateral decubitus 5
Total 59*

Potential reasons for additional radiograph views on retrospective review

Diagnostic interpretation 31
Retention component alignment 15
Duodenal contrast flow 14
Interpreter judgement 5
(need more definitive findings)

Technical exam factors 15
Radiograph coverage incomplete 6
Faint contrast on radiograph 5
Exposure issue 4
(radiograph too light/too dark)

RT protocol deviation 6
Incorrect initial view 4
Scout view incorrectly obtained 2

Correct contrast volume per protocol documented, 79.3% (180/227)

Additional contrast documented, 9.3% (21/227)

Administered contrast not documented, 11.5% (26/227)

*59 additional radiograph views were performed in 41 radiograph exams; RT, radiology technologist.

the indeterminate exams. One study found
that only 35% of the published studies re-
viewed reported indeterminate results accu-
rately.® Excluding indeterminate exams may
falsely elevate exam performance parame-
ters, as observed with the PPV of this cohort,
which decreased from 100% to 69.2% when
including the indeterminate exams on sec-
ondary analysis. Handling of indeterminate
results is a complex issue, and clinical suspi-
cion is considered a reasonable approach to
reclassify indeterminate exams® and is sup-
ported by the Standard for Reporting Diag-
nostic Accuracy 2015 guidelines.” Specifical-
ly, if an indeterminate exam had high clinical
suspicion (such as pain during G-tube use), a
fluoroscopic G-tube contrast check exam was
performed, and the abdominal radiograph
exam was reclassified as a positive (abnor-
mal) exam. If the indeterminate abdominal
radiograph exam had low clinical suspicion,
no fluoroscopic exam was performed, and
the radiograph exam was reclassified as a
negative (normal) exam. After this second-
ary analysis, including all exams, the new
abdominal radiograph exam performed well,
with particularly high accuracy (97.8%), sen-
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sitivity (90.0%), specificity (98.2%), and NPV
(99.5%). This study builds on a prior report of
G-tube radiograph exam performance (75%
sensitivity and 100% specificity) in a larger
number of patients (227 vs. 126), while ef-
fectively managing indeterminate exams.*
To improve the sensitivity of the exam, our
group intermittently reviewed abnormal
exam findings at our monthly peer-review
meetings.

Deviations from the prescribed 2-view
exam protocol occurred when the interpret-
ing radiologists asked for additional radio-
graphs or contrast to improve the diagnostic
information of the exam, or exam technical
factors (exposure issue, RT error). Given the
equivocal gastric intraluminal alignment of
the G-tube retention component on all 13
indeterminate exams, consideration of a dif-
ferent view (left lateral decubitus view) may
be a helpful consideration, providing a dif-
ferent view to potentially outline the G-tube
retention component with contrast. This al-
ternative radiograph exam replaced fluoros-
copy as the initial imaging exam for G-tube
checking, which was well received by our
pediatric radiologists providing after-hours
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fluoroscopy call coverage. This transition was
also well-received by our RTs, who were also
short-staffed during the study period. Only
one 30-day adverse event (repeat hospital
visit to detect and correct G-tube malpo-
sition) occurred with this diagnostic exam
transition.

Exam reporting time was studied, given
its relation to the resumption of G-tube use
for nutrition, hydration, and medications in
a timely fashion. Here, 79.7% (181/227) of
exams were reported under 1 hour, allowing
for the timely resumption of G-tube use for
hydration, medications, and nutrition in a
majority of patients. Delayed reporting (over
1 hour) of exams occurred more often in the
after-hours group, when pediatric radiolo-
gist coverage was reduced. Delay in report-
ing time can impact clinical management,
as described for the patient with a delayed
radiology report entry (after surgery team
consult entry), leading to endoscopic (not
fluoroscopic) confirmation of transpyloric
G-tube malposition, causing gastric outlet
obstruction.

The limitations of this study start with the
inherent limitations of a retrospective chart
review. For instance, when reviewing the rea-
son for additional radiograph views, a given
patient may have had an overlapping need
for more diagnostic information in addition
to the technical limitations of the initial
2-view exam (faintly administered contrast).
Regarding protocol adherence, the contrast
volume was not documented in Epic in 26 of
the 227 exams. A limitation affecting exam
reporting time occurred as the study period
was before our pediatric radiology group
converted to 24/7 attending pediatric radiol-
ogist reads of diagnostic radiology exams;
a portion of study exams included an over-
night preliminary reading made by radiology
residents. Following completion of this study,
our institution eliminated the beeper pag-
ing system. Epic Secure Chat is now used to
message pediatric radiologists, a factor that
could also influence reporting times in the
future. A limitation regarding adverse events
would be if a patient presented to a different
institution during that 30-day period for any
G-tube-related issue; this scenario should be

infrequent, as the 2 affiliated hospitals com-
prise the only comprehensive pediatric care
system across the state. Comparison of radia-
tion doses among the alternative radiograph
exam and the traditional fluoroscopic exam
is not addressed, but was reported using the
limited data of this study cohort.’

This new exam was efficiently incorporat-
ed by RTs and pediatric radiologists (as well
as radiology residents) on 2 campuses. The
same standard of care was maintained, de-
spite reductions in the number of pediatric
radiologists and RTs.

In conclusion, this alternative diagnostic
exam performed well with a high test yield,
accuracy, sensitivity, specificity, and NPV. The
exam mostly followed protocol, allowed for
the timely and safe resumption of G-tube
use, and provided the remote coverage
needed for a new satellite hospital.
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