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E D I T O R I A L

When the radiologist remains: Reverse alignment and the final 
biological component

Harrison’s paper on “reverse alignment” prompted this follow-up.1 In my earlier editorial, 
I called the gradual adaptation of radiological practice to machine-compatible forms 
“mechanistic drift.” I described the “final biological component” as a possible endpoint: 

a radiologist still reads and signs reports, yet the work around that person increasingly fol-
lows the demands of measurement, standardization, and computational systems.2 Harrison 
examines a closely related danger across human practices more broadly. His account gives 
the original warning a wider conceptual frame, although it does not show that this change 
has occurred in radiology. Nguyen3 and Velotto4 then help clarify how the danger might arise 
and why formal human oversight may not be enough.

Harrison and the wider frame

The familiar alignment question asks how artificial intelligence (AI) can be made respon-
sive to human values and goals. Harrison asks what happens in the other direction: people 
and institutions may adapt their practices and simplify their values to fit what computational 
systems can readily represent and optimize.1 Such adaptation need not be imposed by a ma-
chine. It can emerge through the incentives, records, routines, and definitions of success that 
people build around it.

That is why Harrison’s argument resonates with the earlier editorial. Radiology’s emphasis 
on turnaround time, standardized reports, productivity measures, and auditable decisions 
did not begin with AI.2 Harrison’s examples often involve commercial platforms.1 In radiolo-
gy, throughput, reimbursement, quality assurance, and medicolegal pressures also shape the 
work. AI can intensify these pressures by giving machine-readable findings a direct path into 
triage, reporting, and evaluation, while contextual judgment may be harder to carry through 
the same systems. Harrison supplies a general account of the direction of this adaptation; 
mechanistic drift names its possible expression in radiology. The radiologist may retain re-
sponsibility while the range of judgment the workflow welcomes grows narrower.

How practice can shift

Harrison uses Nguyen’s account of value capture to explain one route of reverse align-
ment.1 A rich value is given a simpler representation, often a number, and the representa-
tion gradually takes the place of the value in practical decisions.3 Turnaround time, report 
completeness, discrepancy rates, and AI triage scores are useful measures. Trouble arises if 
a department begins to treat what these measures capture as the full meaning of good ra-
diological work. Contextual interpretation, consultation, appropriate hesitation, and justified 
departure from a pathway may matter greatly while remaining harder to count.

Imagine an AI-prioritized worklist paired with a turnaround-time dashboard. A radiolo-
gist spends additional time comparing an apparently routine examination with prior images 
and contacting the referring clinician about a subtle change. That care may register as delay, 
while the priority score gives the case little prominence. Both tools can be useful and cor-
rectly implemented. Their combined effect depends on whether the department recognizes 
the extra work as good judgment or as a deviation from the preferred path. Before and after 
AI deployment, a department could sample departures from worklist priorities, review their 
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clinical justification, and track the rationale, 
time and evaluation costs, and whether rea-
sons informed quality review. If justified de-
partures become harder to record or carry 
greater penalties, that would be a warning 
sign, not proof of reverse alignment.

Velotto describes the next step: an AI 
output can acquire practical authority when 
it becomes the ordinary starting point for 
action, even though the system is neither a 
moral agent nor the formal decision-maker.4 
A worklist priority, suggested finding, or draft 
report can become a default that requires 
effort to question. The radiologist remains 
answerable, but the surrounding workflow 
influences where attention starts and when 
disagreement needs justification. Nguyen 
explains how a proxy can displace a clinical 
value; Velotto explains how a system’s output 
can become authoritative in daily work. To-
gether they give Harrison’s broader concern 
a practical route into radiology.1,3,4

AI can change radiological decisions 
through both its accuracy and its place in 
the workflow. In a study of radiologists, as-
sistance had uneven effects, and inaccurate 
predictions worsened performance.5 In a 
veterinary radiology experiment, presenting 
AI advice before or after an initial judgment 
changed how participants used it.6 These 
findings concern specific decisions. Mech-
anistic drift concerns what happens when 
such arrangements become routine and set 
the terms of good work.

The verdict for radiology

The question, then, is who sets those 
terms. I have described radiology as an epis-
temic system: the clinical practice through 
which imaging becomes actionable knowl-
edge.7 A radiologist can still sign every re-
port while worklists, draft findings, and 
performance measures increasingly define 
what merits attention and which departures 
require justification. The practical test is 
whether radiologists can depart from an AI 
recommendation for a clinical reason, and 
whether the department uses those reasons 
to improve the workflow. An override that 
carries substantial time or evaluation costs 
offers little effective discretion. Daye and 
colleagues describe structures for imple-
menting and monitoring clinical AI.8 Those 
structures should also examine what work-
lists and dashboards reward, which outputs 
become defaults, and how justified depar-
tures are handled.

The final biological component is the 
endpoint to avoid. A radiologist remains 
more than a signatory only when clinical 
judgment can change both the decision at 
hand and the rules that govern the next one.

AI assistance acknowledgement

ChatGPT (OpenAI) and Claude (Anthropic) 
were used for critical revision, condensation, 
language refinement, and formatting. The 
author independently determined the ar-
gument, clinical interpretation, and sources; 
reviewed and verified all AI-assisted material 

and references; and accepts full responsibili-
ty. No AI system is listed as an author.
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Intratumoral and peritumoral radiomics based on multi-parametric 
magnetic resonance imaging for predicting microsatellite instability in 
endometrial cancer

PURPOSE
This study aimed to evaluate the utility of intratumoral and peritumoral radiomics derived from 
multi-parametric magnetic resonance imaging for predicting microsatellite instability (MSI) in en-
dometrial cancer (EC). 

METHODS
We retrospectively analyzed 161 patients with pathologically confirmed EC, assigning them to 
a training (n = 112) and a test cohort (n = 49) at a 7:3 ratio, and collected their full clinical and 
imaging data. We manually delineated regions of interest on axial T2-weighted imaging (T2WI), 
diffusion-weighted imaging (DWI), and dynamic contrast-enhanced (CE) T1-weighted imaging 
sequences, expanding them by 3, 5, and 7 mm to define peritumoral regions. We then extracted 
and selected radiomic features from both intratumoral and peritumoral areas. Using six machine 
learning algorithms, we developed separate radiomics models and assessed their performance via 
the area under the receiver operating characteristic curve (AUC). To complete the evaluation, we 
compared statistical differences using the DeLong test and generated calibration curves to verify 
predictive accuracy. 

RESULTS
Clinical characteristics exhibited no significant correlation with MSI status. In single-sequence anal-
ysis, the CE model demonstrated the highest performance (training AUC: 0.912; test AUC: 0.856). 
The multi-parametric model (T2WI + DWI + CE) outperformed single-sequence models, achieving 
AUCs of 0.934 and 0.914 in the training and test cohorts, respectively. Peritumoral radiomics inde-
pendently showed robust predictive value; specifically, the model derived from 3 mm peritumoral 
features (across DWI) yielded a training AUC of 0.898 and a test AUC of 0.790. Notably, the inte-
gration of intratumoral and peritumoral features maximized predictive accuracy. The final model, 
combining optimal intratumoral features (T2WI + DWI + CE) with 3 mm peritumoral DWI features, 
achieved the best performance with a remarkable AUC of 0.998 in the test cohort. 

CONCLUSION
Peritumoral radiomics possesses strong independent predictive value and significantly enhances 
the performance of intratumoral models. The integration of intratumoral and peritumoral radiom-
ics offers a precise, non-invasive method for preoperative MSI prediction, serving as a valuable tool 
to facilitate clinical decision-making. 

CLINICAL SIGNIFICANCE
This study establishes a reliable, non-invasive radiomics approach for the preoperative assessment 
of MSI status.

KEYWORDS
Endometrial cancer, microsatellite instability, peritumor, radiomics, magnetic resonance imaging, 
diffusion-weighted imaging, predictive model
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Endometrial cancer (EC) ranks as the 
sixth most common cancer in women 
globally and stands as one of the top 

three gynecological malignancies. Both its 
incidence and mortality rates have shown 
a steady upward trend. In 2020, China ac-
counted for 19.6% of global new cases of 
uterine malignancies and 17.1% of related 
deaths, underscoring the substantial burden 
it places on women’s health.1 Microsatellite 
instability (MSI), a genomic hypermutable 
phenotype resulting from defects in the DNA 
mismatch repair (MMR) system, is profoundly 
implicated in the progression, prognosis, and 
therapeutic response to anti-programmed 
cell death protein 1/programmed death-li-
gand 1 immunotherapy in EC.2 Notably, 
patients with MSI-high (MSI-H) EC exhibit 
significantly superior responses to immuno-
therapy and improved prognoses compared 
with those with microsatellite stable (MSS) 
tumors.3,4 Consequently, accurate preoper-
ative assessment of MSI status is pivotal for 
tailoring individualized treatment strategies 
and optimizing clinical outcomes.

Currently, the gold standard for MSI de-
tection relies on postoperative immunohis-
tochemistry (IHC). However, this method is 
limited by its invasive nature, potential sam-
pling bias, and inability to provide real-time 
guidance for preoperative planning.5 As a 
promising non-invasive modality, magnetic 
resonance imaging (MRI) is widely utilized 
for tumor assessment due to its superior 
visualization of anatomical structures and 
tissue characteristics.6-9 Radiomics leverag-
es machine learning algorithms to extract 
high-throughput quantitative features from 
medical images, decoding tumor heteroge-
neity that is often imperceptible to visual in-
spection;10 this approach has demonstrated 
significant value in tumor staging and ther-
apeutic efficacy prediction.11 Nevertheless, 

current radiomics investigations into EC-
MSI12-14 have predominantly focused on in-
tratumoral features, largely overlooking the 
peritumoral region. The peritumoral micro-
environment—characterized by inflamma-
tion, angiogenesis, and microscopic infiltra-
tion—is biologically relevant and may harbor 
complementary information regarding MSI 
status. To bridge this gap, we innovatively 
integrated multi-sequence MRI-based radio-
mic features from both intratumoral and per-
itumoral regions to construct a robust pre-
diction model for MSI in EC. This study aims 
to establish a non-invasive, efficient method 
for preoperative MSI assessment, thereby 
providing a novel diagnostic tool to facilitate 
precision medicine in EC.

Methods

Research participants

This retrospective study was approved by 
the Ethics Review Committee of The First Af-
filiated Hospital, Shihezi University (approval 
number: KJ2022-11-01, date: 2022.11.01), 
and the requirement for informed consent 
was waived due to the retrospective nature 
of the analysis. Data were collected from 
161 patients with EC admitted to the study 
institution between January 2018 and May 
2025. The cohort was randomly divided into 
a training set (n = 112) and a test set (n = 49) 
at a ratio of 7:3 using a computer-generated 
random number sequence. The inclusion cri-
teria were as follows: (1) histopathologically 
confirmed diagnosis of EC with complete 
assessment of MSI status and (2) availability 
of standard preoperative pelvic MRI scans. 
Patients were excluded if they met any of the 
following criteria: (1) receipt of preoperative 
antitumor therapies, such as chemotherapy 
or radiotherapy, or (2) presence of significant 
motion artifacts or metal artifacts on MRI im-
ages that interfered with image analysis and 
feature extraction.

Data collection and microsatellite instabili-
ty determination

Based on prior literature, the following 
clinical characteristics were retrieved from 
electronic medical records: age, body mass 
index (BMI), menopausal status, history of 
hypertension and diabetes mellitus, Interna-
tional Federation of Gynecology and Obstet-
rics stage, histological grade, deep myome-
trial invasion (DMI), lymphovascular space 
invasion (LVSI), and lymph node metastasis 
(LNM). MSI status was determined via IHC 
in strict adherence to the expert consensus 
guidelines on MSI detection techniques.15 

IHC staining was performed to evaluate the 
expression of four MMR proteins: MLH1, 
MSH2, MSH6, and PMS2. Tumors exhibiting 
loss of nuclear expression in one or more (≥ 
1) of these proteins were classified as MSI-H. 
Conversely, tumors demonstrating intact ex-
pression of all four proteins were classified as 
MSS or MSI-low.

Magnetic resonance imaging acquisition 
protocols

Before the examination, all patients were 
screened for and instructed to remove me-
tallic objects to ensure safety. To minimize 
intestinal motion and susceptibility arti-
facts, a bowel preparation protocol was im-
plemented: Patients ingested two sachets 
of polyethylene glycol electrolyte powder 
(137.15 g per sachet dissolved in 2,000 mL 
of warm water) 4 hours before the scan, 
consuming the entire volume within 1 hour 
to achieve complete colonic cleansing. Fol-
lowing bowel preparation, patients were 
instructed to drink 500–800 mL of water 1 
hour before imaging to maintain moderate 
bladder distension. An intravenous cath-
eter was inserted into the antecubital vein 
for contrast administration. Patients were 
positioned supine, head-first, with arms 
raised above the head, and were trained in 
breath-holding techniques or instructed to 
breathe naturally to minimize respiratory 
motion artifacts. 

Images were acquired using a Siemens 
3.0 T magnetic resonance scanner (Siemens 
Healthineers, Erlangen, Germany) equipped 
with an 8-channel phased-array body coil. 
The protocol included conventional pelvic 
MRI sequences and dynamic contrast-en-
hanced (CE) MRI. Detailed scanning parame-
ters are summarized in Table 1.

Regions of interest segmentation and fea-
ture extraction

MRI scans in Digital Imaging and Com-
munications in Medicine format were re-
trieved from the Picture Archiving and Com-
munication System and imported into the 
uAI research platform (Version 20250130, 
Shanghai United Imaging Intelligence Co., 
Ltd.) for analysis. Regions of interest (ROIs) 
were manually delineated layer-by-layer 
on the axial T2-weighted imaging (T2WI), 
diffusion-weighted imaging (DWI), and the 
third or fourth phase of DCE T1-weighted 
imaging sequences. The segmentation was 
performed by a radiologist with 10 years of 
experience in gynecological MRI, who was 
blinded to the patients’ clinical and patho-

Main points

•	 Microsatellite instability (MSI) is not only sig-
nificantly associated with the progression 
and prognosis of endometrial cancer (EC), 
but it also serves as a critical predictive bio-
marker for the efficacy of anti-programmed 
cell death protein 1 and anti-programmed 
death-ligand 1 immunotherapy.

•	 Accurate assessment of MSI status is a fun-
damental prerequisite for tailoring person-
alized treatment strategies and optimizing 
clinical outcomes in patients with EC.

•	 The integration of intratumoral and peritu-
moral imaging features offers a promising, 
non-invasive modality for the accurate pre-
operative prediction of MSI status.
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logical information. The detailed workflow of 
this study is illustrated in Figure 1.

To evaluate inter-observer reproducibility, 
two radiologists with 10 and 15 years of ex-
perience in gynecologic imaging, who were 
blinded to clinical information, independent-
ly performed tumor ROI segmentation on 50 
randomly selected cases from the training 
cohort. To assess intra-observer reproduc-
ibility, one of the radiologists repeated the 
segmentation on the same images after a 
washout period of 4 weeks. The intraclass 
correlation coefficient (ICC) was calculat-
ed for all extracted features. Only features 
demonstrating high stability (ICC > 0.80) 
were considered robust and retained for sub-
sequent analysis. 

Peritumoral ROIs were generated by dilat-
ing the manual tumor ROI boundaries by 3, 5, 
and 7 mm and subsequently subtracting the 
original intratumoral volume. Before feature 
extraction, images underwent standardiza-
tion, resampling, and N4 bias field correction 
to ensure data consistency. Radiomic features 
were extracted from three distinct regions: 
the intratumoral ROI, the peritumoral ROI, 
and the combined (tumor + peritumoral) 
ROI. The extracted feature set included mor-
phological features, first-order statistics, and 
texture features derived from the Gray Level 
Co-occurrence Matrix, Gray Level Run Length 

Matrix, Gray Level Size Zone Matrix, Gray Lev-
el Dependence Matrix, and Neighboring Gray 
Tone Difference Matrix. Data were normalized 
using Z-score standardization. To address 
overfitting, dimensionality reduction was 
performed using Pearson correlation analysis 
followed by the least absolute shrinkage and 
selection operator regression model with 10-
fold cross-validation (Figure 2).

Model construction and nomogram evalu-
ation

This study evaluated three MRI sequences 
and four distinct ROIs, comprising the intra-
tumoral region and three peritumoral vol-
umes defined by margins of 3, 5, and 7 mm. 
Following feature extraction and selection, 
six machine learning algorithms were em-
ployed: logistic regression, support vector 
machine, random forest, decision tree (DT), 
bagging DT (BDT), and Gaussian process. 
Initially, independent radiomics models 
were constructed for the intratumoral and 
peritumoral regions. The top-performing 
peritumoral model for each sequence was 
identified, and its selected features were in-
tegrated with those from the intratumoral re-
gion. These composite feature sets were then 
input into the optimal classifier to establish 
the final combined (intratumoral + peritu-
moral) model. Predictive performance was 
assessed via receiver operating character-

istic (ROC) analysis, with the area under the 
curve (AUC) serving as the primary metric. 
Furthermore, calibration curves were plotted 
to assess the agreement between predicted 
and observed outcomes, and decision curve 
analysis was performed to determine the 
model’s clinical utility.

Statistical analysis

Statistical analyses were performed using 
IBM SPSS Statistics for Windows, version 22.0 
(IBM Corp., Armonk, NY, USA), and the Unit-
ed Imaging Research Platform. Continuous 
variables with a normal distribution were 
expressed as mean ± standard deviation and 
compared using the independent samples 
t-test. Non-normally distributed variables 
were reported as the median with interquar-
tile range and analyzed using the Mann–
Whitney U test. Categorical variables were 
presented as frequencies and percentages [n 
(%)] and compared using the chi-square test 
or Fisher’s exact test, as appropriate. The De-
Long test was employed to compare differ-
ences in the AUCs between models. A P value 
< 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics

A total of 161 patients with EC were en-
rolled in this study, comprising 33 in the MSI 
group and 128 in the MSS group. Patients 
were assigned to a training cohort (n = 112) 
and a test cohort (n = 49) at a ratio of 7:3. As 
shown in Table 2, there were no statistically 
significant differences between the training 
and test cohorts regarding baseline clinical 
characteristics, including age, BMI, meno-
pausal status, comorbidities (hypertension 
or diabetes), or tumor pathological features 
(stage, grade, DMI, LVSI, and LNM) (P > 0.05). 

Table 1. Magnetic resonance imaging scanning parameters

Parameters TR/TE 
(ms)

Slice thickness 
(mm)

Interlayer spacing
(mm) Matrix

T2WI-FRFSE 6,377/92 5 1 352 × 320

DWI 4,700/65 5 1 256 × 192

DCE 4.6/MinFull 3 1 320 × 200

T2WI-FRFSE, T2-weighted imaging-fast recovery fast spin echo; TR, repetition time; TE, echo time; DWI, diffusion-
weighted imaging; DCE, dynamic contrast-enhanced magnetic resonance imaging; MinFull, minimum full.

Figure 1. Overview of the study. VOI, volume of interest.
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This indicates a balanced distribution of data 
between the two sets. Furthermore, univari-
ate and multivariate analyses of clinical vari-
ables in the training cohort revealed no inde-
pendent predictors significantly associated 
with MSI status (Table 3).

Establishment of radiomics models

A total of 1,904 radiomic features were 
extracted from the intratumoral region, the 
peritumoral regions (defined by 3, 5, and 7 
mm margins), and the combined intratu-
moral–peritumoral regions. Comparative 
analysis using ROC curves across six classifi-
ers demonstrated that the BDT achieved the 
highest AUC and exhibited superior stabil-
ity.

Figure 2. (a–c): LASSO screening of radiomic features related to MSI. (a) Optimal hyperparameter values were found through 10-fold cross-validation; (b) Relationship 
diagram of different texture feature coefficients with changes; (c) LASSO coefficient values of the selected features. LASSO, Least Absolute Shrinkage and Selection 
Operator; MSI, microsatellite instability.

Table 2. Comparison of clinical information between the training group and the test group 
of patients

Parameters Training group
(n = 112)

Test group 
(n = 49) t/x2 P

Age (years) 49.57 ± 7.28 48.53 ± 8.05 0.8211 0.307

BMI (kg/m2) 24.16 ± 2.31 23.32 ± 2.01 0.2111 0.402

Hypertension 3.001 0.487

With/without 60/52 25/24

Diabetes 0.201 0.538

With/without 27/85 12/37

Tumor stage 0.231 0.135

I+II/III+IV 97/15 43/6

Tumor grade 1.423 0.332

G1 + G2/G3 82/30 37/12

DMI 1.673 0.278

(−)/(+) 90/22 45/4

The values marked with superscript (1) represent statistical results analyzed by the independent samples t-test. BMI, 
body mass index; DMI, deep myometrial infiltration; G1/G2/G3, tumor differentiation grade.

a

b

c
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Intratumoral radiomics predicts the value 
of microsatellite instability

By applying six classifiers to the three MRI 
sequences and their combinations, a total of 
42 intratumoral radiomics models were con-
structed (Table 4). Among the single-sequence 
models, the CE sequence demonstrated the 
most robust predictive performance, yielding 
an AUC of 0.912 in the training cohort and 
0.856 in the test cohort. Furthermore, the com-

bined model incorporating T2WI, DWI, and CE 
sequences outperformed all single-sequence 
models, achieving the highest diagnostic effi-
cacy with AUCs of 0.934 and 0.914 in the train-
ing and test cohorts, respectively (Table 5).

Peritumoral radiomics predicts microsatel-
lite instability value

A total of 54 peritumoral radiomics models 
were constructed by applying six classifiers to 

three peritumoral ROIs (Table 5). The analysis 
revealed that peritumoral imaging features 
generally demonstrated favorable predictive 
value in the test cohort. Specifically, models 
derived from the 3-mm peritumoral margin of 
T2WI, DWI, and CE sequences exhibited robust 
performance. Among these, the DWI 3-mm 
model yielded the most superior diagnos-
tic efficacy, achieving an AUC of 0.898 in the 
training cohort and 0.790 in the test cohort.

Table 3. Univariate and multivariate logistic regression analysis of the training group

Parameters
MSI MSS Univariate analysis Multivariable analysis

n = 33 n = 128 OR (95% CI) P OR (95% CI) P

Age (years) 50.31 ± 1.04 52.07 ± 1.01 0.947 (0.821–1.082) < 0.05 0.743 (0.617–1.013) 0.512

BMI (kg/m2) 24.18 ± 0.11 23.41 ± 1.34 1.563 (1.340–2.041) 0.301

Hypertension 1.784 (1.224–2.101) 0.813

With/without 17/16 65/63

Diabetes 12.300 (12.120–15.102) 0.013

With/without 8/25 33/95

Tumor stage 0.110

I+II/III+IV 28/5 113/15 4.005 (3.783–4.111)

Tumor grade 0.223

G1 + G2/G3  24/9 98/30 4.115 (4.114–6.234)

DMI 0.112

(−)/(+) 26/7 118/10 9.894 (8.110–11.211)

MSI, microsatellite instability; MSS, microsatellite stability; OR, odds ratio; CI, confidence interval; BMI, body mass index; DMI, deep myometrial infiltration; G1/G2/G3, tumor 
differentiation grade.

Table 4. Area under the receiver operating characteristic curve of 42 intra-tumoral radiomic features in the training group and the test group

T2WI DWI DCE T2WI
+DWI

T2WI
+DCE

DWI
+DCE

T2WI+DWI
+DCE

LR

0.977
(0.909–1)

1
(1–1)

0.646
(0.593–0.876)

1
(1–1)

1
(1–1)

1
(1–1)

1
(1–1)

0.354
(0.726–0.782)

0.5556
(0.037–1)

0.719
(0.214–0.745)

0.645
(0.426–1)

0.499
(0.037–1)

0.501
(0.040–1)

0.787
(0.073–1)

BDT

0.817
(0.801–0.954)

0.835
(0.794–0.997)

0.912
(0.756–0.967)

0.874
(0.799–1)

0.891
(0.776–1)

0.899
(0.997–1)

0.934
(0.814–0.957)

0.839
(0.686–0.902)

0.6889
(0.795–1)

0.856
(0.721–1)

0.889
(0.545–1)

0.888
(0.845–1)

0.889
(0.864–1)

0.914
(0.789–0.954)

DT

0.754
(0.632–0.875)

0.804
(0.685–0.923)

0.754
(0.617–0.836)

0.804
(0.598–0.932)

0.804 
(0.701-0.903)

0.804
(0.770–0.912)

0.960
(0.685–0.973)

0.4194
(0.307–0.531)

0.688
(0.140–1)

0.950
(0.435–1)

0.690
(0.351–1)

0.701
(0.298–1)

0.693
(0.303–1)

0.6760
(0.013–1)

GP

0.654
(0.489–0.81)

0.728
(0.580–0.875)

0.654
(0.566–0.831)

0.728
(0.580–0.875)

0.728
(0.580–0.875)

0.728
(0.580–0.875)

0.772
(0.050–0.784)

0.6774
(0.219–1)

0.777
(0.475–1)

0.702
(0.419–0.721)

0.603
(0.085–1)

0.806
(0.564–1)

0.572
(0.483–1)

0.709
(0.364–1)

RF

0.999
(0.999–1)

1
(1–1) 0.786 (0.200–0.921) 1

(1–1)
1

(1–1)
1

(1–1)
1

(1–1)

0.209
(0.033–0.385)

0.422
(−0.118 to 0.963)

0.919
(0.200–0.936)

0.422
(−0.107 to 0.892)

0.302
(0.207–0.870)

0.451
(0.200–0.947)

0.433
(0.118–0.899)

SVM

0.999
(0.999–1)

1
(1–1)

0.668
(0.417–0.732)

1
(1–1)

1
(1–1)

1
(1–1)

1
(1–1)

0.548
(0.092–1)

0.489
(0.108–0.869) 0.725 (0.417–0.735) 0.503

(0.108–0.787)
0.399

(0.080–0.969)
0.601

(0.100–0.799)
0.555

(0.302–0.699)

T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; DCE, dynamic contrast-enhanced; LR, logistic regression; BDT, bagging decision tree; DT, decision tree; GP, Gaussian 
process; SVM, support vector machine.
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The value of intratumoral and peritumoral 
radiomics in predicting microsatellite insta-
bility

In this study, we developed combined ra-
diomics models by integrating intratumoral 
features with the optimal peritumoral fea-
tures for each MRI sequence and their mul-
tiparametric combination (Figure 3). These 
selected features were input into a BDT 

classifier. The results demonstrated that the 
combined intratumoral–peritumoral mod-
els consistently yielded higher AUC values 
than the standalone intratumoral or peritu-
moral models across all sequences (Table 6). 
Notably, the multiparametric fusion model 
(T2WI + DWI + CE + DWI  3 mm) exhibited 
the most superior predictive performance, 
achieving an AUC of 0.998 in the test co-

hort (Figure 3f ). Furthermore, the calibration 
curve indicated excellent concordance be-
tween predicted probabilities and observed 
outcomes in the training cohort (Figure 4). 
The DeLong test confirmed that the im-
provement in AUC for the combined model 
was statistically significant compared with 
its corresponding single-region models (P < 
0.05, Table 7).

Discussion
By aggregating complementary infor-

mation from three MRI sequences, we ef-
fectively captured multidimensional tumor 
heterogeneity: DWI characterizes cellular 
density, T2WI discriminates tissue anatomy, 
and CE reflects tumor vascularity. Although 
numerous studies have demonstrated the 
utility of MRI-based models in predicting 
MSI, most have focused exclusively on the 
intratumoral volume, often overlooking the 
critical information provided by the peritu-
moral region regarding tumor invasiveness 
and biological behavior.16-20 The peritumoral 
region serves as a critical interface for tu-
mor–host interaction. At the microscopic 
level, this zone encompasses not only tumor 
cells but also immune cells within the tumor 
microenvironment, both of which play piv-
otal roles in tumorigenesis and progression. 
Recent studies have successfully combined 
intratumoral and peritumoral radiomics 
to evaluate HER2 status in breast cancer,21 
predict chemotherapy response in lung ad-
enocarcinoma,22 grade gliomas,23 and assess 
ablation effects in lung malignancies,24 all 
yielding promising results. Building on this 
evidence and considering anatomical con-
straints, our study defined peritumoral ROIs 
expanding 3, 5, and 7 mm from the tumor 
margin, strictly excluding the uterine sero-
sa, cystic changes, and hemorrhage. These 
margins were selected to effectively cap-
ture early pathological changes—such as 
micro-infiltration, inflammatory responses, 
and angiogenesis—while minimizing noise 
from healthy tissue. Our results indicated 
that among single-sequence intratumoral 
models, CE demonstrated the most robust 
predictive performance (training AUC: 0.912; 
test AUC: 0.856). Furthermore, the multipara-
metric model (T2WI+DWI+CE) achieved the 
highest overall diagnostic efficacy (training 
AUC: 0.934; test AUC: 0.914). These findings 
corroborate the work of Zhao et al.,14 who re-
ported similar performance for a combined 
T2WI, CE, and DWI model in predicting EC-
MSI (training AUC: 0.912; test AUC: 0.907). 
Both studies suggest that integrating mul-
tiple sequences provides a comprehensive Ta
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assessment of tumor malignancy and het-
erogeneity. We attribute the superior perfor-
mance of CE-based models to their ability to 
reflect tumor vascularity and permeability, 
which aligns with recent findings25 suggest-

ing that CE imaging holds significant poten-
tial for prognostication in EC. 

Our analysis of the peritumoral region 
revealed that radiomic features extracted 
from the peritumoral margin possess signif-

icant predictive value. Specifically, the 3-mm 
peritumoral regions across T2WI, DWI, and 
CE sequences all demonstrated favorable 
efficacy. Among these, the DWI 3 mm mod-
el exhibited the most robust performance, 
achieving AUCs of 0.898 in the training co-
hort and 0.790 in the test cohort. Notably, 
this peritumoral performance surpassed that 
of certain intratumoral models, underscor-
ing the critical role of peritumoral hetero-
geneity as a supplementary biomarker for 
MSI status. These findings align with recent 
observations in hepatocellular carcinoma 

Figure 3. ROC curves of intratumoral, peritumoral, and intratumoral + peritumoral radiomics models in each sequence. (a) Training cohort intratumoral; (b) test 
cohort intratumoral; (c) training cohort peritumoral; (d) test cohort peritumoral; (e) training cohort intratumoral + optimal peritumoral and optimal intratumoral 
+ optimal peritumoral; (f) test cohort intratumoral + optimal peritumoral and optimal intratumoral + optimal peritumoral. ROC, receiver operating characteristic; 
T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; CE, contrast-enhanced; AUC, area under the curve.

Table 6. Prediction efficacy of intratumoral + best peritumoral and best intratumoral + best peritumoral models

Model
Train Test

AUC (95% CI) SEN SPE ACC AUC (95% CI) SEN SPE ACC

T2WI + T2WI 3 mm 0.977
(0.954–0.999) 0.436 1 0.929 0.616

(0.241–0.991) 0.521 0.931 0.818

DWI + DWI 3 mm 0.972
(0.907–1) 0.801 0.943 0.809 0.902

(0.765–0.943) 0.776 0.854 0.808

CE + CE 7 mm 0.963
(0.932–0.994) 0.2857 1 0.921 0.867

(0.694–1) 0.333 0.965 0.906

T2WI + CE + DWI + DWI 3 mm 0.990
(0.964–1) 0.818 1 0.921 0.998

(0.941–1) 0.670 0.8276 0.727

T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; CE, contrast-enhanced; AUC, area under the curve; CI, confidence interval; ACC, accuracy; SEN, sensitivity; SPE: 
specificity.

Table 7. DeLong test

Model AUC SEN SPE ACC

Intra vs. intra and peri 0.002 0.500 0.625 0.688

Peri vs. intra 0.878 1.000 1.000 0.500

Intra and peri vs. intra 0.031 0.500 0.625 0.688

Intra, intra-tumor; Peri, peri-tumor; AUC, area under the curve; ACC, accuracy; SEN, sensitivity; SPE: specificity.

a

d

b

e

c

f
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research.26,27 To further enhance diagnostic 
accuracy, we developed combined models 
integrating the optimal intratumoral and 
peritumoral features. Consistent with our 
hypothesis, the fusion models universally 
outperformed their corresponding single-re-
gion counterparts (intratumoral only or per-
itumoral only). The most impressive results 
were obtained from the multiparametric 
fusion model, which combined intratumoral 
features from T2WI, DWI, and CE sequences 
with the optimal peritumoral DWI 3-mm fea-
tures. This comprehensive model yielded the 
highest diagnostic efficacy, with AUCs reach-
ing 0.990 and 0.998 in the training and test 
cohorts, respectively.

Radiomics is a promising high-throughput 
methodology capable of quantitatively char-
acterizing micro-architectural heterogeneity 
and structural patterns within medical im-
ages, thereby generating novel imaging bio-
markers.28,29 In this study, we extracted radio-
mic features from the primary tumor and its 
surrounding 3-, 5-, and 7-mm margins to facil-
itate a non-invasive virtual biopsy.30 Our find-
ings revealed a high degree of complemen-
tarity between intratumoral and peritumoral 
features for the preoperative prediction of 
MSI in EC. This suggests that the peritumoral 
microenvironment harbors critical biological 
insights that effectively compensate for the 
information limitations inherent in analyzing 

the gross tumor volume alone. Concurrently, 
advancements in artificial intelligence have 
enabled the precise screening and efficient 
integration of high-dimensional radiomics 
data, expanding the horizon of clinical ap-
plications.31 We employed five distinct ma-
chine learning algorithms to identify the 
optimal predictive model. The BDT emerged 
as the most robust classifier. Although its 
performance varied slightly across cohorts, 
it demonstrated superior stability and gen-
eralization capabilities. Mechanistically, BDT 
enhances classification accuracy by aggre-
gating predictions from multiple DTs. This 
ensemble approach effectively reduces vari-
ance and mitigates the risk of overfitting,32 
thereby providing reliable decision support 
for the prognostic stratification and clinical 
management of patients with EC.

This study is subject to certain limitations. 
First, as a retrospective single-center study, 
the sample size was relatively modest, which 
may inherently introduce selection bias. Sec-
ond, our analysis was restricted to standard 
clinical MRI sequences. Although effective, 
the inclusion of advanced functional imag-
ing techniques could potentially offer deeper 
physiological insights into tumor heteroge-
neity and further refine predictive accuracy. 
To address these limitations, future research 
should adopt a multi-center, large-scale, pro-
spective design. Collaborating across mul-

tiple institutions will facilitate the inclusion 
of a diverse patient population and allow 
for validation across different MRI scanning 
platforms and standardized protocols. Such 
efforts are essential to enhance the gener-
alizability and robustness of the predictive 
model for broader clinical application.

In conclusion, this study leveraged multi-
parametric MRI to extract and analyze radiom-
ic features from both intratumoral and peritu-
moral regions. By employing machine learning 
algorithms for optimal feature selection, we 
constructed an integrated intratumoral–peri-
tumoral radiomics model that demonstrated 
superior diagnostic efficacy in predicting the 
MSI status of patients with EC. With accuracy 
comparable to the gold-standard postopera-
tive IHC, this model serves as a reliable, non-in-
vasive imaging tool to guide personalized pre-
operative treatment planning and prognostic 
assessment for patients with EC.
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Letter to the Editor: On the clinical applicability of multiparametric and 
multimodal approaches in the evaluation of focal liver lesions

You may cite this article as: Sivrioglu AK. Letter to the editor: on the clinical applicability of multiparametric and multimodal approaches in the evaluation of 
focal liver lesions. Diagn Interv Radiol. 2026;32(6):743-744.

Dear Editor,

I read with great interest the study by Jabiyev et al.,1 in which they evaluated the role of 
multiparametric magnetic resonance imaging (mpMRI), diffusion-weighted imaging (DWI), 
and magnetic resonance elastography (MRE) in differentiating benign from malignant liver 
lesions. I congratulate the authors on this valuable technical assessment.

However, although the term “multiparametric” is used in the title and throughout the text, 
I note that the parameters examined [apparent diffusion coefficient (ADC), stiffness, and T1/
T2 mapping] were analyzed primarily as individual variables rather than within an integrated 
diagnostic model—for example, through logistic regression or a combined scoring system.1-3 
A truly multiparametric approach should demonstrate how the combination of different bio-
physical parameters guides patient management more reliably than single parameters. The 
authors implicitly acknowledge this limitation, stating that the contribution of the combined 
application remains a goal for future studies.1

At this point, I believe that the concept of multimodality should not be limited solely to 
MRI sequences. The fact that MRE still requires specialized equipment in many centers ne-
cessitates the integration of more accessible methods.3 Current literature suggests that mul-
timodal integration of ultrasound (US) and MRI data may provide a more holistic success in 
revealing both vascular and parenchymal phenotypes of lesions.2,4 For instance, novel su-
per-resolution US (SR-US) techniques can analyze microvascular architecture—vessel density, 
fractal dimension, and flow direction entropy—at the 128-micrometer level.2 Combining such 
microvascular data with MRI findings such as ADC and stiffness into a single algorithm holds 
the potential to minimize the need for biopsy, especially in cases with atypical enhancement 
or overlapping quantitative values.2,5

I propose that future research should focus on multimodal algorithms strengthened by 
artificial intelligence-supported radiomic analyses. Three main approaches stand out.

The first approach involves screening models combining grayscale US and Doppler data 
with non-contrast MRI findings (DWI/ADC). Such an approach may not completely replace 
contrast-enhanced imaging for definitive subtype characterization, but it could carry signifi-
cant clinical value in first-line differential diagnosis and when contrast use is contraindicated.

The second utilizes hybrid approaches simultaneously evaluating microbubble-based vas-
cular mapping—contrast-enhanced US and SR-US—with MRI tissue characterization (stiff-
ness/ADC).2

The third approach consists of high-resolution integrated models incorporating all con-
trast-enhanced and advanced sequences (mapping/elastography) of both US and MRI.1,4

In conclusion, the study by Jabiyev et al.1 successfully demonstrates the effectiveness of 
mpMRI, DWI, and MRE in evaluating focal liver lesions. However, further prospective, multi-
center studies with large patient series, based on the combined use of parameters and mo-
dalities, are indispensable for the true integration of these techniques into clinical practice.

Independent Researcher, Radiology, Flanders, 
Belgium
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Global trends and hotspots of machine learning in the diagnosis of 
prostate cancer: a bibliometric analysis from 1997 to 2024

PURPOSE
Prostate cancer (PCa) diagnosis has advanced with the integration of machine learning (ML). This 
study analyzes global trends in ML-based PCa diagnosis research using bibliometric methods.

METHODS
A systematic search was conducted in the Web of Science Core Collection database for articles 
published between 1997 and 2024. Bibliometric analysis was performed using VOSviewer (v1.6.20), 
CiteSpace (v6.3.R1), and R (v4.3.3).

RESULTS
The analysis included 1,045 articles, involving 6,704 authors from 4,762 institutions across 327 
countries or regions. The number of publications increased over time, rising sharply from 2018. 
China published the highest number of articles (290), whereas the United States demonstrated 
the greatest research impact, leading in total citations (8,207) and international collaborations. The 
Berlin Institute of Health published the highest number of articles (120). Within this dataset, Euro-
pean Radiology had the highest H-index. Key authors included Stephan C, Jung K, and Cammann 
H. Keyword analysis identified “system,” “MRI,” and “guidelines” as prominent terms, with emerging
trends focusing on “convolutional neural network,” “data system,” and “transfer learning.”

CONCLUSION
ML in PCa diagnosis has advanced substantially, transitioning from fundamental biomarker investi-
gations to sophisticated deep learning applications centered on medical imaging. Future directions 
emphasize the development of accurate, generalizable ML models integrated into clinical work-
flows with a continued focus on convolutional neural networks and transfer learning.

CLINICAL SIGNIFICANCE
This study delineates the global research evolution of maching learning for prostate cancer diag-
nosis, offering clear clinical guidance for the translation and routine application of artificial intelli-
gence-assisted diagnostic models.

KEYWORDS
Bibliometrics, research trends, diagnosis, machine learning, prostate cancer

You may cite this article as: Shi Y. Global trends and hotspots of machine learning in the diagnosis of prostate cancer: a bibliometric analysis from 1997 to 
2024. Diagn Interv Radiol. 2026;32(6):745-754.

Prostate cancer (PCa) is one of the most common malignancies in men and remains a 
major contributor to cancer-related morbidity worldwide.1 Recent estimates indicate 
that PCa is the second most frequently diagnosed cancer among men globally, with ap-

proximately 1.4 million new cases annually, and its incidence increases sharply after age 50.2,3 
Because early-stage PCa is often asymptomatic and diagnostic pathways are heterogeneous, 
improving diagnostic accuracy and efficiency remains clinically important.

Machine learning (ML), a key branch of artificial intelligence (AI), has increasingly been ap-
plied to medical diagnostics by identifying patterns in high-dimensional data that may be dif-
ficult to detect using conventional approaches.4 To improve detection, risk stratification, and 
clinical decision support in PCa diagnosis, ML has been explored across multiple data modali-
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ties, including multiparametric magnetic res-
onance imaging (mpMRI), digital pathology, 
serum and urine biomarkers, and electronic 
health records.5 However, translation into 
practice is constrained by issues such as data 
heterogeneity, limited external validation, 
interpretability, and regulatory and ethical 
requirements.6 Therefore, a structured over-
view of how this research area has evolved 
and which themes are currently emerging 
may help guide future methodological and 
clinical work.

Bibliometric analysis quantitatively char-
acterizes scientific literature by identifying 
influential contributors (authors, institutions, 
and journals), collaboration patterns, and 
evolving research topics using citation- and 
keyword-based mapping.7,8 Several recent 
bibliometric studies have examined AI in 
PCa-related research. For example, Wei et 
al.9 reported rapid growth in AI–PCa publi-
cations over the last decade, with the United 
States and China as major contributors and 
an increasing emphasis on deep learning for 
imaging tasks. However, existing bibliomet-
ric work often focuses on broader AI applica-
tions or more recent time windows and may 
not isolate diagnostic research as a primary 
theme.10

To extend and complement prior stud-
ies, we conducted a bibliometric analysis of 

ML-based PCa diagnosis research. Our ob-
jectives were to quantify publication and ci-
tation trends over a longer historical period; 
map global collaboration networks among 
countries, institutions, and authors; identify 
influential journals and references; and de-
tect research hotspots and emerging topics 
through keyword co-occurrence and burst 
analyses. By explicitly focusing on diagnos-
tic applications and extending the timeline, 
this study aims to clarify how current themes 
(e.g., MRI- and deep-learning–driven ap-
proaches) align with or diverge from prior 
bibliometric findings, and to provide context 
for future research directions and clinical 
translation.

Search strategies and data source

This study was designed as a descriptive, 
cross-sectional bibliometric analysis of pub-
lished literature on ML in PCa diagnosis. The 
literature search was conducted in the Web 
of Science Core Collection (WoSCC), which 
was selected because it provides standard-
ized citation metadata and cited-reference 
fields that are directly compatible with com-
mon bibliometric tools (e.g., VOSviewer, 
CiteSpace, and bibliometrix). 

The search query applied was [WoSCC, 
topic search (TS)]: TS = (“prostat* cancer*” OR 
“prostat* carcinoma” OR “prostat* adenocar-
cinoma” OR “prostat* neoplasm”) AND TS = 
(“machine learning” OR “artificial intelligence” 
OR “machine intelligence” OR “deep learn*” 
OR “neural network*” OR “natural language 
process*” OR “hybrid intelligent system*” OR 
“CNN” OR “LSTM” OR “RNN”) AND TS = (diag-
nos*).11 In WoSCC, TS searches the title, ab-
stract, author keywords, and Keywords Plus. 
The wildcard diagnos* was used to capture 
multiple diagnostic-related word forms (e.g., 
diagnosis, diagnostic, diagnosed). As a veri-
fication step, we repeated the search using 
TS = (diagnosis OR diagnostic OR diagnosed) 
and confirmed that the retrieved record 
count was identical. 

The search covered articles published be-
tween January 1, 1997, and October 8, 2024. 
To minimize bias from database updates, all 
records were retrieved and exported on a 
single day (October 8, 2024). 

Records were included if they met all of 
the following criteria: 1. topic relevance: fo-
cused on PCa diagnosis and involved ML 
or AI methods (including deep learning or 
neural networks); 2. time window: published 
between 1997 and 2024 (up to October 8, 
2024); 3. language: English; and 4. document 
type: Article (as classified by WoSCC).

Records were excluded if they met any of 
the following criteria: 1. not related to diag-
nosis (e.g., ML studies limited to prognosis, 
treatment planning, basic laboratory mech-
anisms, or non-diagnostic screening without 
diagnostic intent); 2. not specific to PCa (e.g., 
multi-cancer studies without PCa-specific di-
agnostic analysis); 3. non-article document 
types (e.g., reviews, editorials, letters, meet-
ing abstracts) if not indexed as “Article” in 
WoSCC; and 4. duplicates identified during 
export or processing. 

No additional filter was applied to remove 
“Early Access” items. Therefore, any records 
indexed by WoSCC as “Article”—including 
those labeled as Early Access or originating 
from conference proceedings but catego-
rized as an Article—were eligible for inclu-
sion. We acknowledge that indexing timing 
for Early Access items may influence publica-
tion counts in the most recent year. 

The exported records included publica-
tion year, title, authors, affiliations, countries 
or regions, journal information, keywords, ci-
tation counts, and cited references, and were 
saved in plain-text format for subsequent 
bibliometric analysis. Because this study an-
alyzed publicly available bibliographic meta-
data and did not involve human participants 
or identifiable private information, ethical 
approval and informed consent were not re-
quired.

Statistical analysis and visualization

Data preprocessing and cleaning

Before mapping, we performed data 
cleaning to reduce noise caused by incon-
sistent WoSCC metadata. During data pro-
cessing, we encountered typical bibliometric 
challenges, including author name ambigui-
ty (e.g., authors with similar names or differ-
ent initials), keyword unification (synonyms 
and abbreviations), and institutional name 
variations (e.g., the same organization re-
corded under multiple spellings). 

We therefore applied a combination of 
automatic normalization and manual check-
ing. Specifically, author names were stan-
dardized by merging obvious variants based 
on consistent co-author patterns, affiliations, 
and research topics (e.g., abbreviated vs. 
full forms such as “Stephan C” and “Stephan 
Carsten” when they referred to the same indi-
vidual). Keywords were normalized by merg-
ing common abbreviations and equivalent 
terms (e.g., “MRI” and “magnetic resonance 
imaging”), as well as plural and singular 
forms and closely related expressions with 

Main points

•	 Global research on machine learning (ML) 
in prostate cancer diagnosis has grown rap-
idly, with publication output surging from 
2018 and a diverse, international research 
community contributing across 327 regions.

•	 China leads in publication quantity, where-
as the United States drives research impact, 
visibility, and collaboration, as reflected in 
citation counts and extensive international 
partnerships.

•	 Major institutions and authors shape the 
field, including the Berlin Institute of Health 
as a leading contributor and European Ra-
diology as a top publisher by H-index; key 
researchers include Stephan C, Jung K, and 
Cammann H.

•	 Research themes center on imaging-driven 
ML, particularly magnetic resonance im-
aging and system-level approaches, with 
methodological emphasis on convolutional 
neural networks, data systems, and transfer 
learning.

•	 The field has evolved from biomarker-fo-
cused studies to advanced deep learning 
applications, with future work focusing on 
accurate, generalizable models integrated 
into clinical workflows.
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the same meaning. Institutional names were 
harmonized by consolidating clear spelling 
variants and alternative English names for 
the same institution. 

In addition, we screened for metadata in-
consistencies (e.g., missing affiliations or in-
complete fields) and performed manual ver-
ification when necessary. Duplicate records 
were removed when identified.

Bibliographic records exported from 
WoSCC were analyzed using Microsoft Excel 
for descriptive statistics (e.g., annual publi-
cation counts, total citations, and averages). 
All bibliometric analyses were conducted 
using the same dataset exported on October 
8, 2024. Visualization and network analyses 
were conducted using VOSviewer (Centre for 
Science and Technology Studies, Leiden Uni-
versity, Leiden, the Netherlands); CiteSpace 
(Drexel University, Philadelphia, PA, USA); 
R version 4.3.3 (R Foundation for Statistical 
Computing, Vienna, Austria) with the biblio-
metrix package.

When applicable, a VOSviewer thesau-
rus file was used to merge equivalent terms 
and improve the interpretability of keyword 
maps. VOSviewer was used to construct 
and visualize co-authorship and collabora-
tion networks (countries, institutions, and 
authors), as well as keyword co-occurrence 
networks.12 The association strength normal-
ization method was used for network con-
struction, and clusters were detected using 
VOSviewer’s built-in clustering algorithm 
(based on modularity optimization). To im-
prove readability and reduce sparsity, mini-
mum-occurrence thresholds were applied; 
specifically, keywords were included in the 
co-occurrence analysis only if they appeared 
at least eight times. In VOSviewer maps, 
node size represents occurrence frequency 
(or publication output), link thickness rep-
resents total link strength, and colors indi-
cate clusters or overlay attributes (e.g., aver-
age publication year). 

CiteSpace was used for temporal analysis 
of research topics, including timeline and 
time-zone visualization and keyword burst 
detection.13 To highlight major knowledge 
structures and emergent terms, the follow-
ing settings were applied: time slicing: 1997–
2024 (1 year per slice); node type: keywords; 
selection criteria: top N per slice; and prun-
ing: Pathfinder (including pruning of merged 
networks). Burst strength and duration were 
reported to identify rapidly increasing key-
words.

The bibliometrix package was used to 
compute bibliometric indices, including the 
H-index, G-index, and M-index, based on 
citations within the retrieved dataset.14 The 
H-index is defined as the maximum value h 
such that an author or journal has at least h 
papers, each cited at least h times. The G-in-
dex is the largest value g such that the top 
g publications received at least g2 total cita-
tions. The M-index is calculated as the H-in-
dex divided by the number of years since the 
first publication in the dataset, providing a 
time-normalized measure of impact.15 

To describe the growth in annual publi-
cations, we fitted a simple regression mod-
el in Excel and R and reported the coeffi-
cient of determination (R²). This model was 
used descriptively to summarize the overall 
growth pattern; no hypothesis testing (e.g., 
formal trend tests) was performed. Journal 
influence metrics [e.g., 2023 Journal Impact 
Factor and Journal Citation Reports quartile 
(Q1–Q4)] were obtained from the 2023 edi-
tion of Journal Citation Reports.

Results

Overview of publications

A total of 1,045 English-language articles 
on ML in PCa diagnosis published between 
1997 and 2024 were analyzed (Figure 1). 
These studies involved 6,704 authors from 

4,762 institutions across 327 countries or 
regions, were published in 352 journals, 
and cited 29,554 sources. Each publication 
had an average of 8.73 co-authors, and 
30.81% involved international collaboration. 
The dataset included 2,052 keywords, and ar-
ticles received an average of 24.61 citations 
(Figure 2A). 

In the early years (1997–2012), research 
on ML in PCa diagnosis showed limited out-
put. By 2013, annual publications exceed-
ed 10, followed by a gradual increase from 
2013 to 2018. From 2018, research output 
increased rapidly, peaking at 224 articles in 
2023. A fitted curve (R²: 0.8427) highlights 
the accelerating growth in publications over 
the period (Figure 2B).

Distribution and collaborative networks of 
countries

The 1,045 publications originated from 
327 countries or regions. The top contrib-
uting countries or regions are summarized 
in Supplementary Table 1. China led in cor-
responding-author output with 290 articles 
(27.8%) and ranked second in total citations 
(4,762). The USA followed with 199 corre-
sponding-author articles (19.0%), the high-
est number of multi-country publications 
(65), and the highest total citations (8,207). 
Germany ranked third with 66 correspond-
ing-author articles (6.3%) and 1,838 citations 
(Figure 3A). 

Figure 1. Flow diagram of the bibliographic retrieval process. TS, topic search; CNN, convolutional neural 
network; LSTM, long short-term memory; RNN, recurrent neural network.
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Among the remaining top contributors, 
the Netherlands had the highest citations per 
publication (53.8), indicating a comparative-
ly higher citation impact per article. Among 
the 76 countries that contributed at least one 
article through international collaboration, 
the USA led with 357 partnerships, primari-
ly with Germany, Canada, China, and Japan. 
Germany ranked second with 183 collabora-
tions, mainly involving the United States, the 
United Kingdom, Austria, the Netherlands, 
and Switzerland. China ranked third with 
163 collaborations, primarily with the United 
States and Australia (Figure 3B).

Distribution and collaborative networks of 
institutions

A total of 4,762 institutions contributed to 
publications on ML in PCa diagnosis. Among 
the top 10 institutions, the Berlin Institute 
of Health in Germany led with 120 articles, 
followed by Stanford University (79 articles) 
and the University of California system (76 ar-
ticles), both in the United States (Figure 4A). 

In total, 151 institutions participated in 
international collaborations, each with at 
least five articles, forming distinct research 
clusters. Soochow University in China had 
the highest number of collaborations (54), 
forming a central dark-blue cluster. Shanghai 
Jiao Tong University in China was next with 
51 collaborations, forming a yellow cluster. 
The University of Toronto in Canada ranked 
third with 45 collaborations, represented by 
a light-blue cluster (Figure 4B).

Contributions and collaborative networks 
of journals and authors

The articles were published across 352 
journals, with the leading outlets and indica-
tors summarized in Supplementary Table 2. 
By publication volume (TP), Cancers ranked 
first (TP: 53), followed by Frontiers in Oncolo-
gy (TP: 35) and Scientific Reports (TP: 30). 

In terms of influence metrics, European 
Radiology had the highest H-index15 within 
this dataset, followed by Cancers (H-index: 
13) and Medical Image Analysis and Medical 
Physics (H-index: 12 each). Regarding Jour-
nal Citation Reports metrics, Medical Image 
Analysis and Cancer Research had the high-
est 2023 impact factors among high-impact 
journals, and most leading journals were 
ranked in Q1. 

The journal co-occurrence network, which 
measures joint citations in articles, identified 
three journals with the highest total link 

strength: European Radiology (185), Cancers 
(179), and Lancet Oncology (151) (Figure 5A). 
A journal coupling network, based on shared 
references, showed that Cancers (14,447), 
Frontiers in Oncology (10,387), and Europe-
an Radiology (8,302) had the strongest link 
strengths (Figure 5B). 

A total of 6,704 authors contributed to 
the dataset. Stephan C exhibited the highest 
H-index,12 G-index,15 M-index (0.522), and the 
most total publications,15 followed by Jung 
K and Cammann H (Supplementary Table 3). 
Among 138 authors involved in internation-
al collaborations (with at least four articles), 
Rusu Mirabela led with 75 collaborations, 
followed by Fan Richard E (72) and Shao Wei 
(68) (Figure 6).

Keyword co-occurrence network and burst 
keywords

A total of 133 keywords with at least eight 
occurrences were identified for co-occur-
rence network analysis (Figure 7A). In the 
visualization, purple indicates earlier occur-
rences and yellow shows more recent ones. 
Around 2016, frequently occurring keywords 
included “antigen,” “serum,” and “identifica-
tion” (purple). By 2018 (dark blue), terms such 
as “men,” “radical prostatectomy,” and “predic-
tion” had emerged. Between 2018 and 2020 
(dark green), “diagnosis” had the highest 
co-occurrence frequency (898), with “biopsy” 

and “classification” also prominent. Around 
2020, newer terms such as “risk,” “accuracy,” 
and “features” appeared. Since 2022 (yellow), 
the most frequent keywords have been “sys-
tem,” “MRI,” and “guidelines.”

Keyword burst analysis identified terms 
with sharp increases in frequency, reflecting 
trends in the field (Figure 7B). The timeline 
uses gray to indicate periods without major 
activity, blue for ongoing research, and red 
for periods of intense activity. These bursts 
can be divided into two stages. 

The first stage (1999–2005) showed pro-
longed bursts featuring keywords such as 
“antigen,” “artificial neural network,” “serum,” 
“digital rectal examination,” and “mass spec-
trometry.” The second stage (2013–present) 
was characterized by shorter bursts and 
rapid keyword turnover. Between 2013 and 
2018, terms such as “classification,” “comput-
er-aided diagnosis,” and “ISUP Consensus 
Conference” were prominent. By 2019, new 
keywords, including “features,” “convolution-
al neural network,” “benign,” and “data sys-
tem,” had gained prominence. 

Since 2022, “transfer learning” has 
emerged as a key term and remains highly 
relevant. Many of these keywords persist in 
the blue phase, indicating ongoing research 
activity.

Figure 2. Analysis of general information. (a) Summary of the quantitative analysis of publications. 
(b) Annual research output from 1997 to 2024.

a

b
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Discussion
This bibliometric study summarizes ML 

research on PCa diagnosis from 1997 to late 
2023. Publications increased rapidly from 
2018 and peaked in 2023, suggesting grow-
ing interest and faster progress in ML meth-
ods and data use. China, the United States, 
and Germany were the main contributors. 
The United States and Germany show strong 
long-term foundations in biomedical and im-
aging research, and China’s high output re-
flects continued investment in AI and health 
data science. The collaboration results also 
show that this field is increasingly driven by 
international partnerships and shared meth-
ods.

High-impact journals such as Europe-
an Radiology, Cancers, and Medical Image 
Analysis show that research in this field pri-
marily focuses on imaging, biomarkers, and 
AI-based diagnostic methods. The most cited 
study, “clinical-grade computational pathol-
ogy using weakly supervised deep learning 

on whole slide images,” highlights how deep 
learning can support digital pathology us-
ing slide-level labels without manual anno-
tation.16 Other influential works, such as the 
2002 Cancer Research article on serum pro-
tein fingerprinting17 and the 2019 review in 
Nature Reviews Clinical Oncology on AI for 
digital pathology,18 further emphasize the 
central role of biomarker and imaging-based 
ML research in this domain. 

In addition, our author-level productivity 
results indicate a highly skewed contribution 
pattern consistent with Lotka-type behavior, 
in which a relatively small group of authors 
accounts for a disproportionately large share 
of publications.19 Within this concentrated 
expertise structure, key opinion leaders (e.g., 
Madabhushi and Yang) emerge as high-out-
put, high-impact contributors, suggesting 
that mentorship and collaboration networks 
centered around leading groups may play an 
important role in shaping research directions 
and accelerating methodological diffusion 
across institutions.

Research hotspots and technological fron-
tiers

Our keyword and burst analyses reveal a 
dynamic and evolving research landscape 
in ML-based PCa diagnosis, with thematic 
changes that track both clinical priorities and 
methodological breakthroughs. In the early 
years (1999–2005), research concentrated on 
traditional biomarker-oriented terms such 
as “antigen,” “serum,” and “identification”,20 
reflecting the serum-based diagnostic strat-
egies prevalent at the time. As the field ma-
tured, keywords such as “radical prostatecto-
my” and “prediction” emerged,21 suggesting 
a shift toward clinically grounded modeling, 
including prognosis- and decision-relevant 
prediction tasks.

Between 2018 and 2020, the surge of 
“biopsy” and “classification” highlights an in-
creased interest in ML methods that support 
core diagnostic decision points, particularly 
tissue confirmation and risk stratification.22 
During this period, frequent terms such as 
“accuracy” and “features” also indicate sus-

Figure 3. Analysis of countries. (a) Distribution of corresponding-author publications by country. (b) Visualization map depicting collaboration among countries. 
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tained efforts to improve feature representa-
tion, model design, and performance evalu-
ation practices.23

Why “MRI” has become dominant?

Since 2022, the increasing prominence of 
“MRI” aligns with the central role of mpMRI in 
contemporary PCa diagnostic pathways and 
with the suitability of MRI data for modern 
deep learning pipelines.24 Multiparametric 
MRI provides rich spatial and functional in-
formation that supports tasks such as gland 
and lesion segmentation, lesion detection, 
and classification—areas in which convolu-

tional neural network (CNN)-based methods 
have been particularly influential. The promi-
nence of “MRI” in keyword analysis, therefore, 
likely reflects both its clinical importance in 
PCa workups and the scalability of imaging 
datasets for model development and bench-
marking.

Contextualizing the “CNN” and “transfer 
learning” bursts with current technological 
developments

Burst analysis suggests a transition from 
earlier artificial neural networks and consen-
sus-related terms (e.g., “ISUP Consensus Con-

ference”)25 to a newer phase dominated by 
CNNs, data systems, and transfer learning.26 
This pattern is consistent with the broader 
deep-learning expansion following major 
CNN breakthroughs in computer vision, 
which subsequently catalyzed rapid uptake 
in medical imaging and computational pa-
thology. In PCa diagnosis, CNN-based rep-
resentation learning reduced reliance on 
manual feature engineering and enabled 
end-to-end learning on imaging and whole-
slide data.26

The sustained “transfer learning” burst be-
tween 2022 and 202427 can be interpreted as 

Figure 4. Analysis of institutions. (a) Top 10 institutions ranked by article count. (b) Visualization map depicting collaboration among institutions. 
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a response to persistent challenges in clini-
cal AI, including limited annotated datasets, 
domain shifts across scanners and sites, and 
the need for robust generalization. Trans-
fer learning enables the reuse of pretrained 
representations and adaptation to prostate 
imaging or pathology tasks with fewer la-
beled examples, supporting faster iteration 
and potentially improved external validity.27 
In the broader “foundation-model/GPT-era” 
context, the same underlying principle of le-
veraging large-scale pretraining to improve 
downstream performance has become in-
creasingly central to modern AI develop-

ment. Although the models and modalities 
differ across domains, this general trend 
helps explain why transfer learning remains 
a prominent and sustained hotspot in recent 
PCa diagnostic ML research.27

Although this analysis focuses on diagno-
sis, the observed keyword and thematic evo-
lution can be interpreted as spanning three 
practical clusters that commonly co-develop 
in PCa ML research. First, diagnostic model-
ing and ML methods, including clinically rel-
evant prediction problems tied to patient risk 
and outcomes (e.g., prediction-oriented key-
words).21 Second, imaging-driven ML (mpM-

RI-centric workflows), including detection, 
segmentation, and classification reflected by 
“MRI,” “biopsy,” and “classification”.22,24 Third, 
downstream clinical applications connected 
to treatment workflows, which tend to share 
enabling components such as segmentation, 
risk modeling, and data systems, and there-
fore appear adjacent to diagnosis-focused 
research streams in bibliometric structures.26 
This interpretation is consistent with the ob-
served movement from algorithm keywords 
toward “system,” suggesting increasing em-
phasis on end-to-end clinical utility rather 
than isolated model development.24,26

International collaboration and policy and 
infrastructure context

At the country level, China, the United 
States, and Germany dominate productivity 
and/or citation impact, and the collabora-
tion network shows dense cross-national 
linkages. From an implementation perspec-
tive, these patterns likely reflect differences 
in long-term infrastructure (e.g., imaging 
and pathology digitization capacity, clinical 
research networks, and data engineering 
support) and the ability to sustain multidisci-
plinary teams combining urology, radiology, 
pathology, and AI. The emergence of highly 
connected collaboration hubs around estab-
lished research systems is consistent with the 
need for large, well-curated datasets and rig-
orous validation to support clinically credible 
ML models.28,29

Importantly, collaboration results should 
not be interpreted solely as indicators of cur-
rent research capacity. International co-au-
thorship may also reflect historical funding 
structures, shared clinical trial networks, and 
established data ecosystems. In this context, 
the concentration of output in certain coun-
tries may reflect accumulated advantages in 
infrastructure and organization that facilitate 
multicenter studies and reproducibility—
factors that are particularly important given 
ongoing challenges related to heterogeneity, 
interoperability, and clinical translation.28,29

Clinical implications

Bibliometric trends suggest that ML-based 
PCa diagnosis is moving from proof-of-con-
cept algorithms toward systems designed to 
support real-world clinical decision-making. 
However, clinical impact depends on more 
than performance metrics. Models must be 
deployable within real workflows (radiology 
interpretation, biopsy decision-making, pa-
thology review), interoperable with hospi-
tal information systems, and supported by 

Figure 5. Analysis of journals. (a) Co-occurrence network of journals. (b) Coupling network of journals.
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user training and clear accountability struc-
tures.28,30 

Although diagnostic accuracy and related 
metrics have improved over time,29 further 
prospective and multicenter validation is 
needed to establish robustness across sites 
and populations. The increasing prominence 
of “system” in keyword trends reflects grow-
ing interest in integrated solutions but also 
highlights the complexity of implementa-
tion. Effective clinical integration requires 
attention to dataset shift, failure modes, and 
human–AI interaction, rather than focusing 
solely on retrospective performance.28,29

Regulatory, ethical, and clinical integration 
challenges

Despite rapid progress, regulatory and 
ethical considerations remain major barri-
ers to clinical translation.31 The adoption of 
ML in clinical workflows is constrained by 
requirements related to data privacy, patient 
safety, transparency, and governance. Ethi-
cal concerns, including algorithmic bias, ex-
plainability, reliability, and informed consent, 
must be proactively addressed to maintain 
trust and reduce disparities in performance 
across patient populations.31 

The findings also suggest a gap between 
algorithm development and real-world im-
plementation. The “black box” nature of deep 

learning and limited interpretability can hin-
der clinician acceptance and complicate er-
ror analysis and accountability.28 As a result, 
explainable AI is receiving increasing atten-
tion. Interpretability methods can support 
clinical decision-making, facilitate auditing 
and bias assessment, and improve alignment 
with regulatory expectations for safety and 
transparency.

Technical performance and clinical valida-
tion

The literature indicates steady improve-
ments in diagnostic accuracy, sensitivity, 
and specificity, particularly in imaging and 
pathology applications.29 However, bench-
marking and reporting remain inconsistent 
across studies, and large-scale prospective 
validation remains comparatively limited. 
This is a critical limitation given known chal-
lenges in data heterogeneity and domain 
shift.28,29 

Multimodal ML that integrates imaging, 
pathology, genomics, and electronic health 
records offers potential for improved diag-
nostic precision but introduces additional 
challenges related to harmonization, miss-
ingness, and governance.31 Approaches such 
as federated learning can support collabo-
ration without centralizing sensitive patient 
data, and generative adversarial network–

based augmentation may help address lim-
ited sample sizes. However, both approaches 
require careful validation to avoid amplifying 
bias or creating unrealistic signals.32,33

Future directions and recommendations

Based on the observed trends and on-
going barriers to clinical translation, future 
research should prioritize robust evaluation 
in clinically challenging settings, including 
higher-risk and heterogeneous patient sub-
groups, as limited generalizability across 
populations and institutions remains a key 
obstacle to real-world impact.28,29 

The field should also progress from pre-
dominantly single-modality approaches to-
ward multimodal integration where feasible, 
combining MRI with pathology and routinely 
collected clinical variables to improve diag-
nostic confidence and reduce failure modes 
associated with reliance on a single informa-
tion source. Achieving this will require stan-
dardized data curation, harmonization, and 
quality-control pipelines.31 

The increasing prominence of “system” 
alongside “MRI” in the keyword trends sug-
gests that the next phase of impact will 
come from workflow-aware decision support 
tools designed for specific insertion points, 
such as MRI interpretation assistance and 
biopsy-related decision steps. These tools 

Figure 6. Visualization map depicting collaboration among authors.
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should be evaluated for usability, reliabili-
ty, and failure modes under realistic clinical 
conditions rather than only in retrospective 
experiments.24,28,29 

In addition, interpretability and gover-
nance should be treated as core design re-
quirements. Explainable AI methods and 
auditing processes should be incorporated 
early to support transparency, bias assess-
ment, safety monitoring, and trust, thereby 
aligning development with clinical and reg-
ulatory expectations.31,32 

Finally, more consistent validation and 
reporting standards are needed, including 
clear dataset descriptions, external valida-
tion, clinically meaningful performance met-
rics, and transparent reporting of limitations 
and negative findings. These practices will 
improve reproducibility and reduce overesti-
mation of model performance.29,32 Collective-
ly, these directions support a transition from 
rapid research growth toward more reliable, 
generalizable, and clinically integrated ML 
systems for PCa diagnosis.28,29,,31,32 

This study provides a detailed, data-driv-
en overview of global research trends, 
technological developments, and emerg-
ing hotspots in ML-based PCa diagnosis. 
By incorporating co-occurrence and burst 
keyword analyses, it offers a nuanced under-
standing of the field’s evolution and future 
directions. 

However, several limitations should be 
noted. The use of a simplified regression 
model may not fully reflect the exponential 
growth in publications from 2018 onward. 
Restricting the analysis to English-language 
articles indexed in WoSCC may introduce lan-
guage and database biases, potentially ex-
cluding relevant studies from other sources. 
In addition, the rapid pace of AI innovation 
may result in literature lag, whereby the lat-
est advancements are underrepresented in 
bibliometric analyses. 

Although alternative databases, such as 
Scopus and PubMed/MEDLINE, were consid-
ered, the analysis was limited to the WoSCC 
to ensure consistency in citation indexing 
and network analysis. This restriction should 
be considered a coverage-related limitation.

This bibliometric analysis highlights the 
evolution of ML applications in PCa diag-
nosis, showing a transition from early bio-
marker research to advanced deep learning 
techniques, particularly in medical imaging. 
Research output has increased substantially, 
with major contributions from the United 
States, China, and Germany. Recent trends 
emphasize CNNs and transfer learning. 

Although diagnostic capabilities have im-
proved, challenges remain in clinical trans-
lation, including data heterogeneity, ethical 
and regulatory considerations, and the need 
for rigorous clinical validation. Advancing 
multimodal integration, explainable AI, and 
standardized evaluation frameworks will be 
essential to fully realize the potential of ML 
for early detection and effective manage-
ment of PCa.
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A B D O M I N A L  I M A G I N G
L E T T E R  T O  T H E  E D I T O R

Reply: Regarding “multiparametric magnetic resonance imaging, 
diffusion-weighted magnetic resonance imaging, and magnetic 
resonance elastography: differentiating benign and malignant liver 
lesions”

You may cite this article as: İdilman İS. Reply: regarding “multiparametric magnetic resonance imaging, diffusion-weighted magnetic resonance imaging, 
and magnetic resonance elastography: differentiating benign and malignant liver lesions”. Diagn Interv Radiol. 2026;32(6):755-756.

Dear Editor,

We would like to thank the author of the letter for their insightful comments and interest 
in our study, which evaluated the diagnostic performance of multiparametric magnetic res-
onance imaging (mpMRI), diffusion-weighted imaging, and magnetic resonance elastogra-
phy (MRE) in characterizing focal liver lesions.1 We appreciate the opportunity to clarify our 
methodology and discuss the future of multimodal liver imaging. Regarding the definition 
of “multiparametric,” the author rightly points out that although we used several quantitative 
parameters, we analyzed them primarily as individual variables. In our study, the term “mul-
tiparametric” refers to the acquisition and evaluation of multiple independent quantitative 
biomarkers—T1/T2 mapping, apparent diffusion coefficient (ADC), and stiffness—within a 
single MRI session. Our primary goal was to establish the baseline diagnostic accuracy and 
optimal cut-off values for these emerging techniques. We agree that utilizing a logistic regres-
sion model to assess the additive value of these findings is a crucial step for future research. 
However, due to the retrospective nature of our study and the limited number of lesions, 
we focused on the individual efficacy of these quantitative measures rather than complex 
modeling.

Novel ultrasound (US) imaging techniques, which may aid in the characterization of focal 
liver lesions, have been introduced in the literature, as the author discussed.2 Although MRI re-
mains a reference standard for lesion characterization, we acknowledge that some advanced 
techniques, such as mpMRI and MRE, are not yet available in every center. Similarly, many nov-
el US techniques, as well as contrast-enhanced US techniques, are currently restricted to spe-
cialized institutions. Consequently, optimizing the use of existing, locally available imaging 
modalities is a pragmatic and necessary approach. Furthermore, the suggestion to integrate 
MRI with US-based techniques is highly valuable; combining microvascular data from US with 
the tissue stiffness and diffusivity data from MRI would be an innovative approach.

We agree with the author that future research should focus on artificial intelligence-sup-
ported radiomic analyses and multimodal algorithms.3 As we noted in our conclusion, pro-
spective studies with larger, more homogeneous cohorts are necessary to demonstrate the 
impact of combining these modalities on clinical diagnostic accuracy. In summary, our find-
ings indicate that ADC and lesion stiffness are currently the strongest individual performers 
among the studied parameters. We believe that moving from “analyzing parameters” to “inte-
grated multimodal algorithms” will be the key to minimizing biopsies for focal liver lesions in 
the near future.
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A R T I F I C I A L  I N T E L L I G E N C E  A N D  I N F O R M AT I C S

Predicting drainage success of peritonsillar abscesses: a radiomics-
based machine learning approach using contrast-enhanced computed 
tomography

PURPOSE
To develop and validate radiomics-based machine learning models combined with clinical param-
eters derived from venous phase contrast-enhanced computed tomography (CECT) for predicting 
drainage success in patients with peritonsillar abscess (PTA), aiming to reduce unnecessary invasive 
procedures.

METHODS
This retrospective study included 94 adult patients with PTA who underwent venous phase CECT 
followed by incision and drainage within 24 hours. Patients were categorized into drainage (n = 52) 
and non-drainage (n = 42) groups based on procedural outcomes. Clinical parameters (age, sex, 
trismus, and uvula deviation) were integrated with 107 extracted radiomics features. Three-dimen-
sional manual segmentation was performed using 3D Slicer. Feature selection was conducted using 
the least absolute shrinkage and selection operator (LASSO) regression with 10-fold cross-valida-
tion. Four machine learning algorithms—support vector machine (SVM), random forest classifier 
(RFC), decision tree, and extreme gradient boosting (XGBoost)—were developed, and a combined 
clinical–radiomics model was constructed. Model performance was evaluated using sensitivity, 
specificity, and area under the receiver operating characteristic curve (AUC).

RESULTS
The LASSO selected 10 discriminative features (optimal λ: 0.043). Inter- and intraobserver repro-
ducibility demonstrated good agreement (intraclass correlation coefficient ≥ 0.75; Spearman’s 
ρ > 0.8). Among the radiomics-only models, XGBoost achieved the highest diagnostic performance 
(AUC: 0.919). The combined clinical–radiomics model further improved diagnostic performance, 
reaching an AUC of 0.934, with a sensitivity of 90.2% and a specificity of 94.1%. The SVM yielded an 
AUC of 0.899, whereas the decision tree and RFC demonstrated AUCs of 0.887 and 0.850, respec-
tively. Notably, the high specificity of the combined model suggests strong potential for identifying 
non-drainable collections.

CONCLUSION
Integrating clinical parameters with radiomics-based machine learning, particularly the combined 
clinical–radiomics model, can accurately predict drainage success in PTA using pre-procedural 
CECT images. This quantitative approach may improve patient selection for invasive interventions.

CLINICAL SIGNIFICANCE
Pre-procedural identification of non-drainable collections may help avoid unnecessary drainage at-
tempts, reduce procedure-related morbidity, and support more informed clinical decision-making 
in the management of PTA.

KEYWORDS
Peritonsillar abscess, radiomics, machine learning, contrast-enhanced computed tomography, 
drainage
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Peritonsillar abscess (PTA) is defined as a 
collection of pus within the peritonsillar 
space, representing the most common 

deep neck infection in the adult population. 
Its clinical presentation includes severe uni-
lateral sore throat, fever, dysphagia, and ody-
nophagia, often accompanied by trismus.1 
The established management for PTA is the 
evacuation of purulent material through an 
invasive procedure—either needle aspiration 
or incision and drainage (I&D)—supported by 
systemic antibiotic therapy.2,3

Although clinical assessment is the first 
step, contrast-enhanced computed tomog-
raphy (CECT) is frequently employed to con-
firm the diagnosis, especially in ambiguous 
cases, and to differentiate a suspected ab-
scess from non-suppurative peritonsillar cel-
lulitis (phlegmon).4 The typical radiological 
finding suggestive of an abscess is a periph-
erally rim-enhancing fluid collection. This 
finding is crucial because it directly informs 
the decision to proceed with an invasive 
drainage attempt.5

However, a critical clinical challenge 
arises from the fact that a decision to inter-
vene based on current diagnostic standards 
does not guarantee a successful outcome. A 
non-negligible proportion of drainage pro-
cedures, performed on lesions that appear 
as well-defined abscesses on CECT, result 
in a “dry tap” or failure to evacuate purulent 
material despite surgical incision.6,7 This out-
come means that the patient underwent an 
invasive procedure without the intended 
therapeutic benefit; furthermore, these at-
tempts are not without their own potential 
for morbidity. These procedural risks include 
considerable pain, iatrogenic bleeding from 

local vasculature, and potential injury to crit-
ical nearby structures.1,8 

The mechanisms underlying failed drain-
age remain incompletely understood. It is 
conceivable that some collections, although 
radiologically consistent with an abscess, 
may represent partially organized or in-
spissated material with increased viscosity 
rather than freely drainable fluid.9 However, 
conventional imaging assessment primarily 
focuses on the presence of a rim-enhancing 
collection and does not directly evaluate in-
ternal fluid characteristics, such as viscosity 
or organization, which may influence drain-
ability.10 This limitation highlights an unmet 
clinical need for quantitative, non-invasive 
imaging biomarkers capable of predicting 
drainability before intervention.

To address this challenge and minimize 
unnecessary invasive interventions, we pro-
pose a novel approach using radiomics and 
machine learning. Radiomics enables quan-
titative characterization of lesion heteroge-
neity, texture, and spatial complexity, which 
may reflect underlying differences in fluid 
composition, viscosity, and organization.11,12 
We hypothesize that radiomics-derived fea-
tures may enable quantitative differentiation 
between liquefied, drainable collections and 
organized, non-drainable collections.

This study utilizes I&D as the reference 
standard for drainage success, as it pro-
vides a more definitive evaluation of the 
abscess cavity than needle aspiration, there-
by minimizing potential technical failures. 
Therefore, the primary aim of this study is 
to develop and validate machine learning 
models—specifically random forest classi-
fier (RFC), support vector machine (SVM), 
extreme gradient boosting (XGBoost), and 
decision tree—based on radiomics features 
extracted from venous phase CECT scans in-
tegrated with key clinical parameters (age, 
sex, trismus, and uvula deviation) to predict 
drainage success in patients with suspected 
PTA. By identifying non-drainable collections 
pre-procedurally, this approach may help 
avoid unnecessary invasive interventions, 
reduce morbidity, and optimize clinical deci-
sion-making.

Methods
The study was conducted at Ankara 

Bilkent City Hospital, a tertiary care center. 
Ethical approval was granted by the Bilkent 
City Hospital Medical Research Scientific and 
Ethical Review Board (TABED) (decision num-
ber: 2/1912/2026, date: 04.02.2026). Given 
the retrospective nature of the study, the use 

of anonymized data, and the lack of poten-
tial risk to participants, the requirement for 
informed consent was waived by the Ethical 
Review Board. All procedures were conduct-
ed in accordance with the principles outlined 
in the Declaration of Helsinki.

Study population

The institutional database was screened 
for patients who underwent CECT with a pre-
liminary diagnosis of PTA. The exclusion cri-
teria comprised age younger than 18 years, 
evaluation with imaging modalities other 
than CECT, prior drainage attempts or surgi-
cal interventions before imaging, prolonged 
antibiotic therapy (> 72 hours) before CT ac-
quisition, presence of coexisting head and 
neck malignancy, and significant motion or 
beam-hardening artifacts impairing image 
quality.

The inclusion criteria consisted of adult 
patients diagnosed with PTA who underwent 
neck CECT acquired in the venous phase and 
subsequently received I&D with a clearly 
documented clinical outcome. Only patients 
whose CT examinations were performed 
within 24 hours before the intervention were 
included to ensure temporal consistency be-
tween imaging and treatment.

A retrospective analysis was performed 
on 94 eligible patients between January 
2022 and December 2025. Of these, 42 pa-
tients were classified as the non-drainage 
group and 52 as the drainage group. Given 
the balanced distribution of the two groups 
(52 drainage vs. 42 non-drainage), specific 
oversampling or undersampling techniques 
were not required.

In the non-drainage group, there were 23 
men and 19 women aged 21–74 years (mean 
age: 45.8 years). The drainage group consist-
ed of 28 men and 24 women aged 19–76 
years (mean age: 47.2 years).

Patient demographics (age and sex) and 
physical examination findings at admission 
(trismus and uvula deviation) were retrospec-
tively retrieved from the institutional data-
base. Due to the retrospective nature of the 
study, clinical findings were analyzed based 
on available documentation; data for trismus 
and uvula deviation were available for 79/94 
(84%) and 82/94 (87%) patients, respectively.

The imaging data of the included patients 
were independently reviewed by two radiol-
ogists (İSP, with 26 years of experience, and 
BARM, with 8 years of experience). 

The flowchart of the study is depicted in 
Figure 1.

Main points

•	 Conventional contrast-enhanced computed 
tomography findings alone may not reliably 
predict whether a peritonsillar abscess (PTA) 
is amenable to successful drainage.

•	 Computed tomography-based radiomics 
can quantitatively analyze internal lesion 
heterogeneity and provide additional infor-
mation beyond visual assessment.

•	 Among the tested models, the radiom-
ics-based extreme gradient boosting model 
demonstrated high diagnostic performance 
[area under the receiver operating charac-
teristic curve (AUC): 0.919], which was fur-
ther improved by integrating clinical param-
eters in the combined model (AUC: 0.934).

•	 Pre-procedural prediction of drainage suc-
cess may help reduce unnecessary invasive 
interventions and improve clinical deci-
sion-making in patients with PTA.
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Computed tomography acquisition and 
preprocessing

The examinations were performed using 
a 128-detector CT scanner (GE Revolution, 
General Electric, Milwaukee, WI, USA). Acqui-
sition parameters consisted of a tube voltage 
of 100–120 kVp, a tube current of 250–270 
mAs, a 512 × 512 reconstruction matrix, a 
1.25-mm slice thickness, a body filter, and a 
pitch of 1.375. Intravenous iodinated con-
trast material (300 mgI/mL; 80–100 mL per 
patient) was administered at a rate of 3 mL/s. 
Contrast-enhanced images were acquired 
during the venous phase, approximately 60–
90 seconds after contrast injection.

The selected CT datasets were imported 
into 3D Slicer software (version 5.6.2)13 for 
three-dimensional manual segmentation of 
the PTA. Segmentations were carefully re-
viewed by the same radiologists to identify 
and correct potential inaccuracies, including 
the inadvertent inclusion of adjacent fat, air, 
or bone structures, as well as the unintended 
partial exclusion of the abscesses. Example 
images illustrating PTA segmentation are 
presented in Figure 2. 

To assess intra- and interobserver repro-
ducibility, 20 randomly chosen cases were 
re-segmented following the same standard-
ized protocol.

Texture analysis

Radiomics features were extracted us-
ing the SlicerRadiomics extension based on 
the PyRadiomics library after completion of 
segmentations.14 Feature extraction was per-
formed on original, non-filtered images. All 
images were resampled to an isotropic voxel 
size of 1 × 1 × 1 mm3 using linear interpola-

tion. Intensity discretization was applied us-
ing a fixed bin width of 64 Hounsfield units, 
which was selected to balance noise reduc-
tion and the preservation of meaningful in-
tensity heterogeneity, thereby improving the 
stability and reproducibility of radiomics fea-
tures. No additional image filters (e.g., wave-
let or Laplacian of Gaussian) were applied.

Figure 1. Flowchart of the study. 3D, three-dimensional; VOI, volume of interest; LASSO, least absolute shrinkage and selection operator; SVM, support vector 
machine; XGBoost, extreme gradient boosting; ROC, receiver operating characteristic.

Figure 2. (a, b) Examples illustrating peritonsillar abscess segmentation.

a

b
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Following the preset configuration, a to-
tal of 107 radiomics features were extracted. 
These features were categorized as shape-
based features, first-order statistics, gray lev-
el co-occurrence matrix (GLCM), gray level 
run length matrix, neighboring gray tone 
difference matrix, gray level size zone matrix 
(GLSZM), and gray level dependence matrix.

Statistical analysis

The normality of data distribution was 
evaluated using the Kolmogorov–Smirnov 
test. Variables with a normal distribution 
were expressed as mean ± standard devi-
ation, whereas non-normally distributed 
variables were reported as median and inter-
quartile range. 

Intraobserver agreement was assessed 
using the intraclass correlation coefficient 
(ICC), with values ≥ 0.75 considered indica-
tive of good reproducibility.15 Interobserv-
er agreement of the selected features was 
assessed using Spearman’s rank correlation 
coefficient (ρ), with values greater than 0.8 
considered indicative of good reproducibili-
ty for each parameter.

Before feature selection and model train-
ing, feature standardization (Z-score normal-
ization) was applied. Normalization param-
eters (mean and standard deviation) were 
calculated using the training set and subse-
quently applied to the validation set to pre-
vent data leakage.

The least absolute shrinkage and selection 
operator (LASSO) regression was applied for 
dimensionality reduction and feature selec-
tion. The optimal regularization parameter 
(λ) was determined using 10-fold cross-val-
idation on the training set. The relationship 
between the mean squared error (MSE) and 
λ values was examined to identify the most 
appropriate model. Feature importance was 
quantified based on the magnitude of the 
regression coefficients. 

Missing clinical data were managed using 
complete-case analysis for the respective 
sub-cohorts. 

The predictive performance of the com-
bined clinical–radiomics model was com-
pared against the radiomics-only and clin-
ical-only models using the area under the 
receiver operating characteristic curve (AUC), 
sensitivity, and specificity to determine if the 
integration of clinical variables provided a 
significant improvement in predicting drain-
age success. DeLong’s test was applied to 
compare the AUCs between different mod-
els. 

Decision curve analysis was performed 
according to the method described by Vick-
ers and Elkin16 using Python (version 3.11), 
with custom-written code implementing 
standard net benefit calculations. The deci-
sion curve was visualized using the Matplot-
lib library to assess the clinical utility of the 
models across a range of threshold probabil-
ities. 

All statistical analyses were performed us-
ing XLSTAT statistical and data analysis soft-
ware (version 2024.2.2; Addinsoft, NY, USA). 
A two-tailed P value of < 0.05 was considered 
statistically significant.

Machine learning

SVM,17 RFC,18 decision tree,19 and XG-
Boost20 algorithms were implemented for 
model development. The dataset was ran-
domly partitioned into training and vali-
dation cohorts using a 70:30 split. Model 
performance was evaluated by calculating 
sensitivity, specificity, and the AUC.	

The SVM model was configured using a 
linear kernel with a regularization parameter 
(C) set to 1.0 and a tolerance value of 0.001. 
Given the substantial variability in radiomics 
feature values, feature standardization was 
applied as a preprocessing step before mod-
el training. To reduce the potential influence 
of variability and selection bias on perfor-
mance estimates, 10-fold bootstrapping was 
performed in accordance with the approach 
described by Vrigazova and Ivanov.21

The RFC model was constructed using a 
bagging approach with bootstrap sampling 
(random sampling with replacement). A total 
of 200 decision trees were generated, with 
the maximum tree depth limited to 20. Mod-
el evaluation additionally included calcula-
tion of the misclassification rate, analysis of 
the out-of-bag (OOB) error progression, and 
assessment of feature importance based on 
the mean decrease in accuracy.

Decision tree analysis was performed 
using a classification tree based on the chi-
square Automatic Interaction Detection 
algorithm. The significance level was set at 
0.05, with a maximum tree depth of 3 and 
a merge threshold of 0.05. Model validation 
was conducted using a two-fold cross-vali-
dation. In addition, model performance was 
evaluated using gain and lift curves.

The XGBoost model was configured with 
a maximum of 100 boosting iterations, a 
learning rate of 0.3, and a maximum tree 
depth of 6. The objective function was spec-
ified as quadratic, with the minimum loss re-

duction (gamma) set to 0. In addition to the 
primary performance metrics, gain and lift 
curves were generated for further evaluation 
of model performance.

To evaluate the added value of clinical in-
tegration, three distinct modeling approach-
es were developed: (1) a clinical-only model, 
(2) radiomics-only models using four machine 
learning algorithms (SVM, RFC, decision tree, 
and XGBoost), and (3) a combined clinical–ra-
diomics model. The clinical parameters were 
integrated with the selected radiomics fea-
tures using logistic regression to develop a 
combined clinical–radiomics nomogram.

Results

Study population

A total of 94 patients with PTA were in-
cluded in this retrospective study, compris-
ing 42 patients in the non-drainage group 
and 52 in the drainage group. The mean age 
was 45.8 ± 12.4 years (range: 21–74 years) 
in the non-drainage group and 47.2 ± 13.1 
years (range: 19–76 years) in the drainage 
group, with no significant difference be-
tween the groups (independent-samples 
t-test, P = 0.621).

The non-drainage group included 23 men 
(54.8%) and 19 women (45.2%), whereas the 
drainage group consisted of 28 men (53.8%) 
and 24 women (46.2%). Sex distribution did 
not differ significantly between the groups 
(χ² test, P = 0.929).

Regarding physical examination findings, 
trismus was documented in 79 patients, with 
a prevalence of 73.1% (32/44) in the drain-
age group compared with 61.9% (22/35) in 
the non-drainage group (P = 0.349). Uvula 
deviation was observed in 82 patients, with a 
prevalence of 80.8% (36/45) in the drainage 
group and 71.4% (26/37) in the non-drainage 
group (P = 0.307).

Inter- and intraobserver reproducibility

Twenty cases were randomly selected 
during the segmentation process. Interob-
server reproducibility was assessed using 
the first-order radiomics features “mean” 
and “range.” Both features showed strong 
agreement between the two observers, as 
reflected by Spearman’s rank correlation co-
efficients (mean: ρ = 0.837, P = 0.016; range: 
ρ = 0.822, P = 0.023).

The same randomly selected cases 
were used to evaluate intraobserver 
reproducibility. Each observer repeated the 
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segmentation procedure twice, and the 
first-order “mean” and “range” features were 
analyzed. Intraobserver agreement was 
good for both observers: the mean ICC was 
0.852 (range: 0.773–0.946) for Observer 1 
(İSP) and 0.844 (range: 0.762–0.927) for Ob-
server 2 (BARM).

Dimensionality reduction of the parame-
ters

The LASSO regression selected 10 fea-
tures that exhibited low intercorrelation and 
strong discriminatory power. The optimal λ 
value was determined to be 0.043. The cor-
relation matrix is provided in Supplementary 
Figure 1, whereas the most relevant features 
and their standardized coefficients are sum-
marized in Table 1. Supplementary Figure 2 
shows the association between the λ param-
eter and the MSE.

Diagnostic efficacy of machine learning al-
gorithms

The diagnostic performance of the SVM 
model was as follows: sensitivity of 87.1% 
[95% confidence interval (CI): 84.1–90.3], 
specificity of 87.25% (95% CI: 83.9–90.25), 
and an AUC of 0.899 (95% CI: 0.869–0.928).

The diagnostic accuracy metrics of the 
RFC model consisted of a misclassification 
rate of 0.15, sensitivity of 88.3% (95% CI: 
85.25–91.35), specificity of 82.2% (95% CI: 
78.63–85.74), and an AUC of 0.85 (95% CI: 
0.811–0.892). Figure 3 displays the progres-
sion of the OOB error over iterations.

For the XGBoost model, sensitivity was 
88.65% (95% CI: 85.05–92.19), specificity 

was 92.55% (95% CI: 89.4–95.6), and the AUC 
reached 0.919 (95% CI: 0.887–0.951). Figure 4 
illustrates the gain and lift curves associated 
with the model.

Decision tree analysis demonstrated a 
sensitivity of 90.24% (95% CI: 86.41–93.85), 
a specificity of 88.75% (95% CI: 85.05–92.55), 
and an AUC of 0.887 (95% CI: 0.861–0.914). 
Figure 5 presents the corresponding gain 
and lift curves.

Performance of the combined clinical–ra-
diomics model

Although the clinical-only model demon-
strated limited predictive performance, 
with an AUC of 0.642 (95% CI: 0.581–0.703), 
integrating clinical parameters into the ra-
diomics-based XGBoost model resulted in 
a significant improvement. The combined 
clinical–radiomics model achieved the high-
est diagnostic performance, yielding an AUC 
of 0.934 (95% CI: 0.902–0.966), a sensitivi-
ty of 90.2%, and a specificity of 94.1%. This 
combined approach outperformed the ra-
diomics-only XGBoost model (AUC: 0.919), 
highlighting the synergistic value of clinical 
variables in predicting drainage success. De-
Long’s test demonstrated that the combined 
clinical–radiomics model achieved a statisti-
cally significantly higher AUC than all other 
models (Table 2).

Decision curve analysis

Decision curve analysis showed that the 
combined model provided the highest net 
benefit across most threshold probabilities 
(Figure 6). The radiomics-only model also 
performed well but remained below the 
combined model. In contrast, the clinical-on-
ly model showed a lower net benefit and 
more limited clinical usefulness than the oth-
er models. Both the combined and radiom-
ics-only models outperformed the “treat all” 
and “treat none” strategies over a wide range 
of threshold probabilities.

Discussion
This study explores the potential of radio-

mics-based machine learning models, de-
rived from venous phase CECT, to predict the 
drainage success of PTA. Among the evaluat-
ed algorithms, the XGBoost model exhibited 
the highest diagnostic performance with 
an AUC of 0.919, followed by SVM (0.899) 
and the decision tree (0.887). These results 
suggest that quantitative radiomics analysis 
may capture subtle internal characteristics of 
peritonsillar collections that are not readily 
apparent to the human eye, potentially of-
fering a non-invasive tool to inform clinical 
decision-making and reduce unnecessary 
invasive procedures.

Figure 3. Evolution of the out-of-bag (OOB) error in the random forest classifier. The x-axis represents the 
number of constructed trees, and the y-axis indicates the error rate. The red curve corresponds to the error 
rate for the drainage group, the blue curve represents the error rate for the non-drainage group, and the 
green curve shows the overall OOB observations.

Table 1. The most significant radiomics 
parameters based on LASSO regression

Parameter Standardized 
coefficient

Small dependence emphasis 0.207

Coarseness 0.180

Run percentage 0.166

Mean absolute deviation −0.140

Short run high gray level 
emphasis −0.120

90th percentile −0.088

Interquartile range −0.083

Least axis length 0.074

Cluster shade −0.062

Run length non-uniformity 0.059

LASSO, least absolute shrinkage and selection 
operator.
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Figure 5. The diagnostic performance of the decision tree demonstrated with (a) gain and (b) lift curves. The gain curve depicts the true-positive rate in percent 
versus the percentage of total observations, and the lift curve represents the ratio of the model’s gain to the percentage of the dataset used.

a b

Table 2. Diagnostic performance comparison of the models and DeLong’s test results

Model type AUC (95% CI) Sensitivity (recall) (%) Specificity (%) Precision (%) F1 score DeLong’s P 
value*

Clinical only 0.642 (0.581–0.703) 62.4% 58.1% 64.8 0.636 <0.001

SVM 0.899 (0.869–0.928) 87.1% 87.2% 89.4 0.882 0.038

Decision tree 0.887 (0.861–0.914) 90.2% 88.7% 90.8 0.905 0.029

RFC 0.850 (0.811–0.892) 88.3% 82.2% 86.0 0.871 0.012

XGBoost 0.919 (0.887–0.951) 88.6% 92.5% 93.6 0.910 0.046

XGBoost + clinical 0.934 (0.902–0.966) 90.2% 94.1% 95.0 0.925 Reference

P values represent the statistical comparison of each model’s AUC against the combined model (reference) using DeLong’s test. A P value <0.05 indicates a statistically significant 
difference in diagnostic performance. AUC, area under the curve; CI, confidence interval; SVM, support vector machine; RFC, random forest classifier; XGBoost, extreme gradient 
boosting.

Figure 4. The diagnostic efficacy of XGBoost depicted with (a) gain and (b) lift curves. The gain curve illustrates the true positive rate in percent versus the percent of 
total observations. The lift curve reflects the ratio of the model’s gain to the percentage of the dataset utilized. XGBoost, extreme gradient boosting.

a b



 

Parlak et al.  • 763

In this study, CT-based radiomics features 
were analyzed in conjunction with clinical 
parameters—including age, sex, trismus, and 
uvula deviation—to evaluate their collective 
contribution to predicting drainage success 
in PTA. The combined clinical–radiomics 
model demonstrated an AUC of 0.934, com-
pared with 0.919 for the radiomics-only mod-
el. This observation suggests that while radio-
mics captures internal lesion heterogeneity, 
clinical variables provide additional context 
that contributes to the model’s overall pre-
dictive performance and clinical applicability. 
The inclusion of clinical signs such as trismus 
and uvula deviation is relevant, as these find-
ings are traditional indicators of PTA severi-
ty. Although these clinical parameters alone 
showed limited predictive value in our cohort 
(AUC: 0.642), their integration with radiomics 
data suggests a multi-dimensional approach 
to evaluating peritonsillar collections.

We utilized I&D as the reference standard 
to potentially reduce the technical uncer-
tainties associated with needle aspiration, 
such as needle malposition, the limitations 
of small-gauge needles in aspirating viscous 
material, or the presence of multiloculated 
septations. This approach was intended to 
provide a more consistent ground truth for 
our models by focusing on the intrinsic char-
acteristics of the collection rather than pro-
cedural variables.

The management of PTA traditionally re-
lies on the identification of a rim-enhancing 
collection on CECT to justify needle aspira-
tion or I&D.4,5 However, the diagnostic accu-
racy of CECT in identifying truly drainable 
collections remains a subject of debate. Pre-
vious studies have reported that while CECT 
is highly sensitive (approaching 100%), its 
specificity and positive predictive value (PPV) 
in identifying successful drainage outcomes 
can be as low as 75%.4,10 Hagelberg et al.,10 in 
a recent meta-analysis, highlighted the sub-
stantial variability in the PPV of CECT for neck 
abscesses, suggesting that the classic rim en-
hancement sign is not always synonymous 
with the presence of freely drainable pus.

This diagnostic uncertainty often leads 
to a “dry tap,” where no purulent material is 
obtained despite radiological evidence of an 
abscess. This challenge is echoed in previous 
literature, where reported false-positive rates 
for identifying drainable collections range 
from approximately 20% to 25%, reflecting 
the inherent limitations of conventional di-
agnostic standards.6,7 In our cohort, 44.7% 
(42/94) of the cases resulted in a non-drain-
able outcome—a rate higher than these re-
ported averages. This discrepancy likely re-
flects the complex nature of cases managed 
at our tertiary center, where collections may 
represent more organized or viscous materi-
al that is resistant to successful drainage.9

Our findings align with and extend re-
cent research into predictive markers for PTA 
drainage. Although previous studies have ex-
plored machine learning for PTA diagnosis or 
surgical intervention prediction using clinical 
and conventional imaging features,9,22 to our 
knowledge, this is the first study to utilize CT 
radiomics-based machine learning to predict 
the success of PTA drainage. For instance, 
Wilson et al.22 developed a machine learn-
ing model incorporating clinical symptoms 
and findings—such as trismus, neck pain, 
and otalgia—to predict PTA, demonstrating 
moderate predictive performance with an 
accuracy of up to 0.72. However, clinical signs 
are often subjective and may not always 
clearly differentiate collections requiring 
drainage from those that do not. In contrast, 
our approach leverages high-dimensional 
quantitative data directly from the lesion. 
Li et al.9 recently identified that specific CT 
findings, such as soft palate effacement, 
continuous ring enhancement, and larger 
abscess size, are significantly associated with 
successful drainage. Although conventional 
imaging features are clinically valuable, they 
are inherently subject to interobserver vari-
ability and may not adequately capture the 
internal structural complexity of an abscess. 

The role of imaging in predicting drain-
ability has also been explored through other 
modalities, most notably ultrasound (US). Kim 
et al.23 and Costantino et al.24 have shown that 
intraoral US has high sensitivity but moderate 
specificity in identifying PTA, with the advan-
tages of being radiation-free, cost-effective, 
and capable of real-time visualization of flu-
id dynamics to assess the presence of drain-
able pus. However, the application of US can 
be technically challenging in patients with 
severe trismus and is inherently operator-de-
pendent. Although US remains a preferred 
initial tool for many clinicians due to its acces-
sibility, CT is frequently performed in clinical 
practice to evaluate the extent of the infection 
into deeper neck spaces or when the diagno-
sis remains ambiguous. Our radiomics-based 
approach aims to enhance the utility of these 
already-acquired CT scans by providing a 
level of content characterization that tradi-
tional visual inspection might lack. Feature 
groups such as the GLCM and GLSZM, which 
contributed to our selected model features, 
quantify the spatial relationships and distri-
bution patterns of voxel attenuation values. 
These parameters likely reflect the internal 
heterogeneity of the abscess cavity, enabling 
differentiation between freely drainable pu-
rulent collections and more organized, highly 
viscous, or septated components.11,12

Figure 6. Decision curve analysis showing the net benefit of the clinical model, radiomics model, and 
combined clinical–radiomics model across a range of threshold probabilities, along with the “treat all” and 
“treat none” strategies. The combined model demonstrates superior clinical utility across most threshold 
probabilities.
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The XGBoost model achieved the best 
performance among the evaluated algo-
rithms, consistent with its success in other 
radiomics applications. Its ability to handle 
non-linear relationships and its robust reg-
ularization parameters make it particularly 
well-suited for high-dimensional radiomics 
datasets.20 The high specificity achieved by 
our models (up to 92.5% for XGBoost) is rel-
evant from a clinical perspective. In the con-
text of PTA, high specificity results in a low 
rate of false positives for drainage, effectively 
identifying patients who are unlikely to ben-
efit from an invasive procedure. By opting for 
conservative medical management in these 
cases, clinicians can avoid the risks of iatro-
genic bleeding, pain, and injury to the inter-
nal carotid artery.8

Despite the promising results, this study 
has several limitations. First, its retrospec-
tive, single-center design and relatively small 
sample size may limit the generalizability of 
the findings. Although we employed boot-
strapping and cross-validation to ensure 
model robustness, external validation in 
larger, multi-center prospective cohorts is 
essential to confirm broader applicability. 
Second, the manual segmentation process, 
though reviewed by experienced radiolo-
gists, is time-intensive and inherently prone 
to interobserver variability. The integration 
of automated or semi-automated segmenta-
tion tools in future iterations could improve 
efficiency, minimize observer dependency, 
and facilitate clinical adoption. Third, the 
retrospective nature of the study led to in-
complete clinical data. Although trismus and 
uvula deviation were included in the analy-
sis, they were documented for only 84% and 
87% of the cohort, respectively. Furthermore, 
other relevant parameters—such as symp-
tom duration and specific laboratory mark-
ers—could not be analyzed due to missing 
records. Future prospective studies utilizing 
standardized clinical reporting protocols 
may further refine and improve model per-
formance.

In conclusion, radiomics-based machine 
learning models offer a highly accurate, 
quantitative approach to predicting drain-
age success in PTA. By identifying non-drain-
able collections before intervention, this 
method has the potential to optimize treat-
ment strategies, reduce patient morbidity, 
and enhance the efficiency of emergency 
care delivery. Future research should priori-
tize prospective validation and the develop-
ment of intuitive software interfaces to sup-
port real-time clinical decision-making.

Footnotes
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Dear Editor,

We read with great interest the study by Elek et al.1 This pioneering study deserves rec-
ognition for moving beyond natural language applications to directly evaluate image-based 
interpretation, thereby opening an important avenue for translational research in abdominal 
radiology.

The authors demonstrated that Bing ChatGPT-4 performed well in basic categorization, 
correctly identifying modality, anatomical region, and imaging plane. However, performance 
declined significantly when greater domain-specific expertise was required, such as differen-
tiating magnetic resonance imaging pulse sequences, characterizing contrast enhancement, 
or recognizing pathology. These findings underscore the gap between surface-level pattern 
recognition and the deeper integrative reasoning central to radiologic diagnosis. Unlike con-
volutional neural networks or vision transformers trained on pixel-level radiology data, large 
language models (LLMs) are fundamentally language-based systems. Their image analysis re-
lies on multimodal encoders that generate coarse visual embeddings, which are inadequate 
for detecting subtle grayscale variations, texture details, or multiparametric signal patterns. 
Diagnostic interpretation also requires the dynamic assessment of multiphase acquisitions, 
volumetric navigation across planes, and the integration of clinical metadata—all beyond the 
scope of single-image input models. 

Considering that the authors did not employ radiology-specific pretraining, the favorable 
results demonstrated by relatively older models may reflect selection bias or stereotypical 
features (e.g., modality-specific appearances, anatomical landmarks) rather than genuine in-
terpretive capacity. Prior exposure to similar images during training could also explain the 
model’s apparent accuracy. Moreover, due to the black box nature of these systems, perfor-
mance in image interpretation may vary across contexts. Comparing outcomes with the in-
terpretations of radiologists with differing levels of experience would further clarify the true 
clinical relevance of such models.

The model’s restriction to single-image inputs represents a major limitation, since radiolo-
gists rarely interpret isolated slices. Accurate diagnosis typically requires the analysis of image 
series across multiple planes and sequences. Future model development should therefore 
focus on sequential or volumetric image ingestion, approximating human workflow more 
closely.

Another important point is the absence of structured prompts. While this absence provid-
ed a fair “out-of-the-box, browser-based” evaluation, it may have underestimated the mod-
el’s performance. Prior studies show that carefully designed prompts and stepwise reasoning 
frameworks can markedly enhance accuracy.2-4 Collaborative efforts between artifical intel-
ligence (AI) scientists and radiologists to develop structured, validated prompt libraries for 
specific diagnostic tasks may represent a key step forward.

Similarly, while the exclusion of patient history was methodologically justified to isolate im-
age interpretation, it created a synthetic setting that diverges from clinical reality. Radiologists 
nearly always integrate clinical data into diagnostic reasoning. Excluding such information 

1Ministry of Health Ankara 29 Mayıs State Hospital, 
Clinic of Radiology, Ankara, Türkiye

2Ankara Mamak State Hospital, Clinic of Radiology, 
Ankara, Türkiye

3Kırıkkale High Specialization Hospital, Clinic of 
Radiology, Kırıkkale, Türkiye

Corresponding author: Eren Çamur 

E-mail: eren.camur@outlook.com

 Eren Çamur1

 Turay Cesur2

 Yasin Celal Güneş3

Received 24 August 2025; accepted 31 August 2025.

Epub: 04.11.2025

Publication date: 02.11.2026

DOI: 10.4274/dir.2025.253619 

https://orcid.org/0000-0002-8774-5800
https://orcid.org/0000-0002-2726-8045
https://orcid.org/0000-0001-7631-854X


 

766 • November 2026 • Diagnostic and Interventional Radiology Challenges of LLM use in abdominal imaging

may underestimate the potential of LLMs, 
which are fundamentally language-pro-
cessing systems. Ultimately, an effective AI 
assistant must synthesize both imaging and 
clinical data.

In conclusion, Elek et al.1 provide valuable 
early evidence on the opportunities and 
limitations of LLMs in abdominal radiology. 
Their study initiates a critical discussion and 
highlights important directions for future 
studies in this emerging field.
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Dear Editor,

We thank our colleagues for their valuable comments1 on our study.2 Below, we address 
the points raised in the context of our study’s aim and design choices, and we outline poten-
tial improvements for future research.

The primary aim of our work was to provide an objective baseline assessment of a gen-
eral-purpose large language model (LLM) in the most straightforward and realistic “out-of-
the-box,” browser-based scenario. This approach was intentionally chosen to highlight the 
current limitations of model architectures and training data, particularly the absence of ra-
diology-specific pretraining. Recent reviews3-5 have highlighted that LLMs continue to face 
challenges in data scarcity, coarse visual embeddings, and limited explainability, all of which 
contribute to difficulties in capturing subtle signal or texture patterns.

We agree that radiologists base their decisions on volumetric, multiplanar, and multiphase 
image series. Our study, however, was designed as a standardized and ethically safe brows-
er-based scenario to establish a “minimum requirement” baseline. Future studies will incor-
porate sequential and volumetric inputs, as well as multiphase evaluation. Of course, this will 
require LLMs to become technically capable of ingesting larger and more complex inputs.

To isolate image-based signal interpretation, patient history was excluded, allowing us 
to measure the model’s pure image-based performance. In clinical reality, the integration of 
imaging and history is essential. Yet, as Bulut et al.6 recently demonstrated, even when clini-
cal findings were provided, overall accuracy remained low. Although their work focused on 
pneumothorax detection, these results still indicate that the performance of current models 
remains questionable, even in a clinical context.

Moving forward, we believe improvements should include: (i) the ingestion of sequential/
volumetric and multiphase data; (ii) radiology-specific pretraining and/or adapter fine-tun-
ing; (iii) structured prompt libraries and chain-of-thought reasoning; (iv) the integration of 
clinical metadata; and (v) blinded multicenter studies comparing different levels of radiologist 
expertise. Industry collaboration will be crucial to achieving these goals.

In conclusion, although many of the limitations highlighted by our colleagues were al-
ready acknowledged in our original manuscript, we view these comments as an opportunity 
to expand the scope of our subsequent studies and to establish a concrete roadmap for future 
research.

1Ege University Faculty of Medicine, İzmir, Türkiye

2Ege University Faculty of Medicine, Department of 
Radiology, İzmir, Türkiye

Corresponding author: Ezgi Güler 

E-mail: gulerezgi@yahoo.com 

 Alperen Elek1

 Duygu Doğa Ekizalioğlu2

 Ezgi Güler2

Received 02 October 2025; accepted 13 October 2025. 

Diagn Interv Radiol 2025; DOI: 10.4274/dir.2025.253680

Epub: 04.11.2025

Publication date: 02.11.2026

DOI: 10.4274/dir.2025.253680

Handling editor: Mehmet Ruhi Onur

https://orcid.org/0000-0001-5414-6548
https://orcid.org/0000-0002-6372-2567
https://orcid.org/0000-0002-8028-0350


 

768 • November 2026 • Diagnostic and Interventional Radiology Reply: Challenges of applying large language models in abdominal radiology

Conflict of interest disclosure

The authors declared no conflicts of inter-
est.

References 
1.	 Letter to the editor: challenges of applying 

large language models to image-based 
interpretation in abdominal radiology. Diagn 
Interv Radiol.  Ahead of Print. [Crossref] 

2.	 Elek A, Ekizalioğlu DD, Güler E. Evaluating 
Microsoft Bing with ChatGPT-4 for the 
assessment of abdominal computed 

tomography and magnetic resonance images. 
Diagn Interv Radiol. 2025;31(3):196-205. 
[Crossref]

3.	 Nam Y, Kim DY, Kyung S, et al. Multimodal 
large language models in medical imaging: 
current state and future directions. Korean J 
Radiol. 2025;26(10):900-923. [Crossref]

4.	 Zhang A, Zhao E, Wang R, Zhang X, Wang J, 
Chen E. Multimodal large language models 
for medical image diagnosis: challenges 
and opportunities. J Biomed Inform. 
2025;169:104895. [Crossref]

5.	 Lanzafame LRM, Gulli C, Mazziotti S, et al. 
Chatbots in radiology: current applications, 

limitations and future directions of ChatGPT 
in medical imaging. Diagnostics (Basel). 
2025;15(13):1635. [Crossref]

6.	 Bulut B, Öz M, Genç M, et al. New frontiers 
in radiologic interpretation: evaluating the 
effectiveness of large language models 
in pneumothorax diagnosis. PLoS One. 
2025;20(9):e0331962. [Crossref]

https://doi.org/10.4274/dir.2024.232680
https://doi.org/10.3348/kjr.2025.0599
https://doi.org/10.1016/j.jbi.2025.104895
https://doi.org/10.3390/diagnostics15131635
https://doi.org/10.1371/journal.pone.0331962
http://doi.org/10.4274/dir.2025.253619


©Copyright  2026 Author(s) - Available online at dirjournal.org.
Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

769

O R I G I N A L  A R T I C L E

B R E A S T  I M A G I N GDiagn Interv Radiol 2026; DOI: 10.4274/dir.2026.263742

Peritumoral-to-tumoral apparent diffusion coefficient ratio as a marker 
of tumor microenvironment activity across breast cancer molecular 
subtypes

PURPOSE
This study aimed to evaluate the prognostic significance of tumoral apparent diffusion coefficient 
(tADC), peritumoral ADC (pADC), and the peritumoral-to-tumoral ADC (p/tADC) ratio in invasive 
breast cancers using high-resolution diffusion-weighted imaging.

METHODS
A retrospective cohort of 149 patients with invasive breast cancer was analyzed. pADC, tADC, and 
p/tADC values were independently measured by two experienced radiologists. The associations 
between these parameters and histological grade, receptor status, Ki-67 index, and molecular sub-
types were assessed. Interobserver agreement was evaluated using the intraclass correlation coef-
ficient (ICC), and multivariate logistic regression was performed to identify independent predictors.

RESULTS
Although tADC was significantly associated only with tumor size (P < 0.050), both pADC and p/
tADC were significantly associated with high histological grade, estrogen receptor/progesterone 
receptor negativity, human epidermal growth factor receptor 2 positivity, and high Ki-67 index 
(P < 0.01). The p/tADC ratio emerged as an independent predictor of high-grade tumors and Ki-67 
≥ 20%. Excellent interobserver agreement was observed for all ADC measurements (ICC > 0.90).

CONCLUSION
The p/tADC ratio reflects stromal and microenvironmental alterations associated with tumor ag-
gressiveness and demonstrates stronger prognostic relevance than tADC alone. Incorporating the 
p/tADC ratio into routine magnetic resonance imaging (MRI) interpretation may improve preop-
erative risk stratification and support personalized treatment planning in invasive breast cancer.

CLINICAL SIGNIFICANCE
The p/tADC ratio reflects stromal and microenvironmental changes associated with tumor aggres-
siveness and may serve as a  non-invasive imaging biomarker. Its integration into preoperative MRI 
protocols may facilitate risk stratification and personalized treatment planning.

KEYWORDS
Breast cancer, diffusion-weighted magnetic resonance imaging, apparent diffusion coefficient, 
tumor microenvironment, molecular subtype, Ki-67, human epidermal growth factor receptor 2, 
peritumoral region, prognostic imaging biomarker

Breast cancer is among the most frequently encountered malignancies worldwide, with 
an annual incidence of approximately 2.3 million cases and over 666,000 deaths, rank-
ing as the fourth leading cause of cancer-related mortality.1 To address this burden, 

global efforts have intensified through early detection strategies, including national screen-
ing programs and awareness campaigns.
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Tumor microenvironment

Breast cancers exhibit remarkable het-
erogeneity in both genetic and cellular be-
havior, influencing disease progression and 
treatment response.2,3 The tumor microenvi-
ronment (TME)—comprising immune cells, 
fibroblasts, and the extracellular matrix—
plays a pivotal role in tumor development.4-9 

In invasive breast cancers, phenomena such 
as lymphatic obstruction and matrix remod-
eling around tumors contribute to peritu-
moral edema, a known feature of malignan-
cy.5 This edema, linked to increased vascular 
permeability via proteolytic enzymes and 
angiogenesis, has been associated with 
more aggressive tumor behavior and poorer 
prognosis.10-13 Notably, the peritumoral stro-
ma harbors genetic distinctions from intra-
tumoral regions, suggesting it provides bio-
logically distinct and prognostically relevant 
information.14-16

Magnetic resonance imaging and diffu-
sion-weighted imaging

Magnetic resonance imaging (MRI) offers 
superior sensitivity for breast cancer detec-
tion, enabling detailed anatomical and func-
tional assessments.17 However, its specificity 
remains limited.18 Diffusion-weighted imag-
ing (DWI), which measures water-molecule 
movement, enhances diagnostic accuracy 
by providing apparent diffusion coefficient 
(ADC) values, which are typically lower in ma-
lignant tissues due to higher cellularity.19-22

Several studies have explored correlations 
between ADC values and histopathologic 
features, including tumor size, grade, lym-
phovascular invasion, nodal status, and mo-
lecular subtype; however, results have been 
inconsistent due to methodological variabil-
ity.23-25 Peritumoral edema has emerged as a 
promising imaging marker, but limited data 
exist on its association with histopathologic 
aggressiveness or DWI parameters.26,27

In this study, the term peritumoral region 
specifically refers to the stromal tissue sur-
rounding the tumor rather than to peritu-
moral edema alone. Although peritumoral 
edema seen on T2-weighted imaging may 
be a visual manifestation of stromal changes, 
our diffusion-weighted analysis focused on 
quantitative ADC measurements from the 
biologically active peritumoral stroma, ex-
cluding cystic, necrotic, or purely edematous 
regions.

Aim

This study investigates the relationship 
between MRI features and histopathological 
characteristics of breast cancer, with a specif-
ic focus on the prognostic significance of the 
peritumoral-to-tumoral ADC (p/tADC) ratio.

Methods

Study group

This retrospective study was conducted 
with the approval of the Ethics Committee 
of Ankara Bilkent City Hospital (decision 
number: E1-23-3199, date: 11.01.2023). The 
requirement for written informed consent 
was waived by the institutional ethics com-
mittee due to the retrospective nature of the 
study. Between April 2020 and July 2023, 367 
patients who underwent high-resolution 
DWI with a narrow-field-of-view protocol 
on a 3-Tesla (T) MRI scanner were reviewed. 
Among these, 149 women (mean age: 
53 ± 10.5 years; range 33–86 years) who had 
preoperative breast MRI- and biopsy-con-
firmed invasive breast cancer were included 
in the study. Patients with pure in situ carci-
noma, a prior history of neoadjuvant chemo-
therapy, or the absence of surgery following 
breast MRI were excluded from the study. 

Demographic data and the pathology re-
ports of the patients were retrieved from the 
hospital information management system.

The patient selection process is summa-
rized in Figure 1.

Magnetic resonance imaging protocol

All breast MRI examinations were per-
formed on a 3.0-T scanner (Signa Pioneer, 
General Electric Medical Systems, Milwau-
kee, WI, USA) in the prone position using a 
dedicated 16-channel phased-array bilater-
al breast coil (NeoCoil 3.0 T, General Electric 
Medical Systems, Milwaukee, WI, USA).

The imaging protocol included the fol-
lowing sequences:

•	 Axial T1-weighted fast spin-echo [repe-
tition time (TR)/echo time (TE): 484/8.5 ms; 
slice thickness: 5 mm]

•	 Axial and sagittal T2-weighted fat-sup-
pressed fast spin-echo (TR/TE: 4,786/82.5 ms 
and 5,116/83.5 ms, respectively; slice thickness: 
5 mm)

•	 Dynamic contrast-enhanced (DCE) axial 
T1-weighted fat-suppressed sequence (TR/TE: 
6.1/1.7 ms; slice thickness: 2.2 mm), acquired 
before and after intravenous administration 
of a gadolinium-based contrast agent (0.1 
mmol/kg), followed by a 20-mL saline flush

•	 DWI using single-shot echo-planar im-
aging with b values of 50 and 800 s/mm². 
ADC maps were automatically generated on 
the workstation.

Histopathological evaluation

Histopathological specimens obtained 
from surgical samples were evaluated by 
the Pathology Department of Ankara Bilkent 
City Hospital. Pathological data included in-
formation on estrogen receptor (ER) status, 
progesterone receptor (PR) status, human 
epidermal growth factor receptor 2 (HER2) 
status, Ki-67 index, and tumor size.

Apparent diffusion coefficient measure-
ments

ADC measurements and T1-weighted, 
T2-weighted, and DCE images were used for 
anatomical reference. On the ADC map, the 
slice with the largest lesion cross-sectional 
diameter was selected. For tADC measure-
ment, a circular region of interest (ROI) with 
a fixed diameter of 10 pixels (approximate-
ly 10 mm²) was manually placed within the 
most restricted (visually darkest) solid por-
tion of the tumor, avoiding necrotic, cystic, 
hemorrhagic, and fatty areas. The lowest 
ADC value obtained from three measure-
ments was recorded as the representative 
tADC. For peritumoral ADC (pADC) assess-
ment, three ROIs of identical size and shape 
(10 pixels in diameter) were placed in the 
adjacent breast parenchyma within a 5–10 
mm distance from the tumor border, ex-
cluding fibroglandular tissue, large vessels, 
ducts, and artifacts. These ROIs were placed 
in areas with the highest signal intensity 
on the ADC map, consistent with increased 
diffusivity. Among these, the highest ADC 
value was recorded as the pADC, in line 
with previously published methods.28 The 
p/tADC ratio was calculated by dividing the 
pADC by the tADC. Sample images of tu-
mors with high and low pADC values were 

Main points

•	 The peritumoral-to-tumoral apparent dif-
fusion coefficient (p/tADC) ratio is signifi-
cantly elevated in tumors with aggressive 
biological features.

•	 Unlike tumoral apparent diffusion coeffi-
cient (ADC), peritumoral ADC and p/tADC 
show robust correlations with multiple 
prognostic markers.

•	 ADC measurements demonstrated excel-
lent interobserver reproducibility, support-
ing their clinical reliability.
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shown in Figures 2 and 3, respectively. All 
measurements were performed by two ra-
diologists with over 5 years of experience 
in breast imaging. Each measurement was 
performed independently, and the mean 
value was used for analysis. The interobserv-
er agreement was assessed using the intra-
class correlation coefficient (ICC).

Pathological assessment

All patients underwent pathological 
evaluation of surgical specimens. Parame-
ters such as histological grade, ER status, PR 
status, HER2 status, Ki-67 index, and axillary 
lymph node status were analyzed as binary 
variables as follows: 

•	 ER/PR status was evaluated using the 
Allred scoring system, and a total score > 2 
was considered positive. 

•	 The HER2 score was evaluated immuno-
histochemically on a scale of 0–3; scores of 
0–1 were considered negative, and a score of 
3 was considered positive. Cases with a score 
of 2 underwent further evaluation with fluo-
rescent in situ hybridization testing. 

•	 Ki-67 values < 20% were classified as 
negative and values ≥ 20% as positive.

Statistical analysis

All statistical analyses were performed us-
ing SPSS version 30.0 (IBM, Chicago, IL, USA). 
ADC values were considered continuous de-
pendent variables. Histopathological param-
eters were treated as binary independent 
variables, including the following: 

•	 Histological grade: Grade 1–2 vs. Grade 3 

•	 ER and PR status: Negative vs. positive 

•	 HER2 status: Negative vs. positive 

•	 Ki-67: < 20% vs. ≥ 20% 

•	 Axillary lymph node metastasis: Nega-
tive vs. positive 

•	 Tumor type: Ductal vs. lobular 

•	 Molecular subtype: Luminal (luminal 
A, luminal B and luminal B-HER2+) vs.  non-
luminal (HER2-enriched, basal-like)

The normality of data distribution was as-
sessed using the Shapiro–Wilk test. For nor-
mally distributed variables, comparisons be-
tween two groups were conducted using the 
independent samples Student’s t-test, and 
results were expressed as mean ± standard 
deviation (SD).

For comparisons among luminal molec-
ular subtypes (luminal A, luminal B, luminal 
B-HER2+, HER2-enriched, and basal-like), 
one-way analysis of variance was performed. 
When overall significance was observed, 
post-hoc pairwise comparisons were con-
ducted using the Tukey test to identify inter-
group differences.

Two-tailed tests were used for all analyses, 
and a P value < 0.05 was considered statisti-
cally significant.

Receiver operating characteristic (ROC) 
curve analysis was performed to deter-
mine optimal cut-off values for the p/tADC 
ratio to predict aggressive tumor charac-
teristics. For each cut-off, sensitivity, spec-
ificity, and positive likelihood ratios (LR+) 

Figure 1. Flow diagram of the patient selection process. MRI, magnetic resonance imaging; DWI, ffusion-
weighted imaging; DCIS, ductal carcinoma in situ; ADC, apparent diffusion coefficient; p/tADC, peritumoral-
to-tumoral apparent diffusion coefficient; pADC, peritumoral apparent diffusion coefficient value; tADC, 
tumoral apparent diffusion coefficient value; ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor 2; ROC, receiver operating characteristic; ICC, intraclass correlation coefficient.
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were calculated to assess discriminative 
performance.

Variables with P < 0.05 in univariate analy-
sis were entered into a multivariate binary lo-
gistic regression model to identify indepen-
dent predictors of a high p/tADC ratio. The 
p/tADC ratio was dichotomized at 2.3 based 
on ROC analysis; ROC curves were generated 
to evaluate the ability of the p/tADC ratio to 
distinguish high-grade tumors (grade 3) and 
a high Ki-67 index (≥ 20%) from lower-risk 
tumors. The cut-off value was selected by 
maximizing the Youden index across these 
prognostic measures. Model calibration and 
performance were assessed using the Hos-
mer–Lemeshow goodness-of-fit test and 
Nagelkerke R².

Interobserver agreement 

To assess measurement reproducibility 
between the two radiologists, interobserver 
agreement was evaluated for tADC, pADC, 
and p/tADC values in a randomly selected 
subset of 40 lesions (approximately 25% of 
the sample). The ICC (two-way random-ef-
fects model, absolute agreement) was calcu-
lated. Agreement was interpreted as follows: 
poor (< 0.50), moderate (0.50–0.75), good 
(0.75–0.90), and excellent (> 0.90).

Additionally, Bland–Altman plots were 
generated to visualize systematic bias and 
95% limits of agreement between the two 
observers for each parameter.

Results
Between April 2020 and July 2023, a total 

of 149 women (mean age: 53 ± 10.5 years; 
range: 33–86 years) with invasive breast can-
cer were included in the study. 

Interobserver agreement 

Excellent interobserver agreement was 
observed for all ADC-based measurements.  
The ICC values for tADC, pADC, and the p/
tADC ratio were 0.94 [95% confidence inter-
val (CI): 0.90–0.97], 0.91 (95% CI: 0.86–0.95), 
and 0.93 (95% CI: 0.88–0.96), respectively (all 
P < 0.001).

Bland–Altman analysis demonstrated 
a mean difference of 0.02 × 10-³ mm²/s for 
tADC and 0.05 × 10-³ mm²/s for pADC, with 
no significant proportional bias. All differenc-
es lay within ± 1.96 SD, confirming accept-
able agreement between readers (Table 1).

Demographic data and tumor character-
istics are summarized in Table 2.

tADC values were significantly associ-
ated with tumor size (P = 0.005). However, 
no significant associations were found with 
histological grade (P = 0.252), Ki-67 index (P 
= 0.635), ER (P = 0.562), PR (P = 0.652), HER2 
(P = 0.556), axillary lymph node status (P = 
0.957), or molecular subtype (P = 0.703).

pADC was significantly associated with 

tumor size (P = 0.009), axillary lymph node 
positivity (P = 0.02), molecular subtype 
(P < 0.001), HER2 (P = 0.002), ER (P = 0.001), 
PR (P = 0.002), Ki-67 (P < 0.001), and histolog-
ical grade (P = 0.010).

The p/tADC ratio showed significant asso-
ciations with tumor size (P < 0.001), histolog-
ical grade (P = 0.004), Ki-67 index (P < 0.001), 

Table 1. Bland–Altman plots illustrating interobserver agreement for tADC, pADC, and p/
tADC measurements

Parameter ICC (95% CI) P value Interpretation

tADC 0.94 (0.90–0.97) < 0.001 Excellent

pADC 0.91 (0.86–0.95) < 0.001 Excellent

p/tADC 0.93 (0.88–0.96) < 0.001 Excellent

tADC, tumoral apparent diffusion coefficient; pADC, peritumoral apparent diffusion coefficient; p/tADC, peritumoral-
to-tumoral apparent diffusion coefficient; ICC, intraclass correlation coefficient; CI, confidence interval.

Table 2. Patients’ demographic data and tumor characteristics

Number of patients 149

Age (years) (mean ± SD) 53 ± 10.5

Tumor size (mean ± SD) 3.01 ± 1.77

Lymph node 

Positive 67 (45%)

Negative 82 (55%)

Grade

G1 28 (18.8%)

G2 92 (61.7%)

G3 29 (19.5%)

Estrogen receptor

Positive 117 (78.5%)

Negative 32 (21.5%)

Progesterone receptor

Positive 115 (77.2%)

Negative 34 (22.8%)

HER2 receptor

Positive 106 (71.1%)

Negative 43 (28.9%)

Ki-67 expression

< 20% 59 (39.6%)

≥ 20% 90 (60.4%)

Tumor type

Ductal 132 (88.6%)

Lobular 14 (9.4%)

Others 3 (2%)

Luminal subtype

Luminal A 52 (34.9%)

Luminal B 37 (24.8%)

Luminal B/HER2 + 30 (20.1%)

HER2 overexpression 12 (8.1%)

Basal-Like 18 (12.1%)

SD, standard deviation; HER2, human epidermal growth factor 2.
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ER (P = 0.006), PR (P = 0.015), and HER2 (P = 
0.010) but not with lymph node positivity (P 
= 0.08). 

Associations between pADC and tADC 
values, p/tADC ratios, histopathological pa-
rameters, and lymph nodes status are shown 
in Table 3.

Comparison by molecular subtype

No statistically significant difference in 
tADC values was observed between lumi-
nal and non-luminal subgroups (P = 0.703). 
By contrast, both pADC and p/tADC values 
demonstrated a statistically significant differ-
ence among the luminal subtypes (P < 0.001 
and P = 0.002, respectively).

No statistically significant differences in 
pADC (P = 0.085) or p/tADC ratios (P = 0.327) 
were observed between luminal A and lumi-
nal B groups. However, the luminal A group 
demonstrated significantly lower pADC and 
p/tADC ratios than the luminal B-HER2+ (P 
= 0.003, P = 0.007, respectively), HER2-en-
riched (P < 0.001, P = 0.035, respectively), and 
basal-like tumor groups (P = 0.001, P = 0.003, 
respectively).

By contrast, no significant differences 
were found among the luminal B, luminal 
B-HER2+, HER2-enriched, and basal-like 
groups in terms of pADC and p/tADC ratios. 
Additionally, tADC values did not differ sig-
nificantly across molecular subtypes.

Prognostic performance of peritumor-
al-to-tumoral apparent diffusion coeffi-
cient ratios

Analysis of the prognostic predictive 
power of the p/tADC ratio revealed the high-
est discriminative performance for tumor 
size (LR+: 1.99), whereas the lowest was ob-
served for HER2 status (LR+: 1.56). Cut-off 
values, sensitivity, specificity, and LR+ are 
summarized in Table 4.

Multivariate logistic regression

In the multivariate logistic regression 
analysis, the model demonstrated accept-
able fit (Hosmer–Lemeshow χ²: 11.55, df: 8, 
P = 0.17) and accounted for approximately 
24% of the variance in the high p/tADC ratio 
(Nagelkerke R²: 0.24). High histological grade 
and a Ki-67 index ≥ 20% were identified as 
independent predictors of a high p/tADC ra-
tio (≥ 2.3), whereas ER, PR, and HER2 status 
did not remain significant in the multivariate 
model (Table 5). The ROC analysis confirmed 
that a p/tADC threshold of 2.3 provided the 
optimal balance of sensitivity and specificity 
for differentiating high-grade tumors and el-
evated Ki-67 expression.

Discussion
This study underscores the prognostic 

potential of the p/tADC ratio as a non-inva-
sive imaging biomarker in invasive breast 
cancer. We demonstrated that although 
tADC was significantly associated only 
with tumor size, the p/tADC ratio showed 
independent associations with high histo-
logical grade and elevated Ki-67 index and 
was significantly different across molecular 
subtypes. These findings suggest that alter-
ations in diffusion within the peritumoral 

microenvironment provide clinically rele-
vant biological information beyond what 
tADC alone can reveal.

The inverse association between ADC val-
ues and cellularity is well established, as low-
er tADC values often indicate high cellular 
density and reduced extracellular space.23,29 
However, prior studies have reported incon-
sistent correlations between ADC and key 
pathological markers such as receptor status, 
Ki-67, and tumor grade.20,30 Our findings are 
consistent with this inconsistency, as tADC 
did not correlate significantly with ER, PR, 
HER2, or Ki-67 in our cohort.

Interobserver agreement for all diffusion 
metrics was excellent (ICC > 0.90), confirm-
ing the reproducibility of our measurement 
protocol.

In contrast to tADC, both pADC and the 
p/tADC ratio showed significant associations 
with histological grade, hormone receptor 
status, HER2 expression, and Ki-67 index. This 
supports the notion that the peritumoral 
stroma is an active component of the TME 
and may mirror stromal remodeling, angio-
genesis, immune suppression, and extracel-
lular matrix changes.6,16,31,32

Several histopathological and imag-
ing-based studies have identified edema, 
inflammation, and stromal activation in per-
itumoral tissues of high-grade tumors.11,33 
Zhang et al.33 showed that peritumoral 
edema is more pronounced in HER2+ and 
triple-negative tumors, reflecting elevated 
vascular permeability and cytokine-medi-
ated stromal stress.34 These findings are fur-

Table 3. Associations between tumor and peritumor ADC values, p/tADC ratios, histopathological parameters, and lymph node status

Tumor size LN Histologic subtype HER2 ER PR Ki67 Grade

p/tADC < 0.001 0.08 0.002 0.010 0.006 0.015 < 0.001 0.004

pADC 0.009 0.02 0.001 0.002 0.001 0.002 < 0.001 0.010

tADC 0.005 0.957 0.703 0.556 0.562 0.652 0.635 0.252

ADC, apparent diffusion coefficient; p/tADC, peritumoral-to-tumoral apparent diffusion coefficient; pADC, peritumoral apparent diffusion coefficient value; tADC, tumoral 
apparent diffusion coefficient value; LN, lymph node metastasis; HER2, human epidermal growth factor 2; ER, estrogen receptor, PR, progesterone receptor.

Table 4. Cut-off values, sensitivity, specificity, and positive likelihood ratios of p/tADC ratios

ADC ratio Cut-off value Sensitivity (%) Specificity (%) LR+ P value

Tumor size > 2 cm 2.3 66.3 66.7 1.99 0.00

Grade 2.6313 65.5 65.8 1.92 0.002

Molecular subtype 2.5496 63.3 62.2 1.67 0.00

ER negativity 2.5496 62.5 62.4 1.66 0.002

PR negativity 2.537 61.8 60.9 1.58 0.005

HER2 2.5162 60.5 61.3 1.56 0.006

Ki-67 2.3581 61.1 61 1.57 0.00

ADC, apparent diffusion coefficient; p/tADC, peritumoral-to-tumoral apparent diffusion coefficient; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal 
growth factor 2; LR+, positive likelihood ratio.
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ther supported by DWI-based studies linking 
high pADC values to HER2 overexpression 
and high Ki-67,12,35 which align with our ob-
servation that aggressive tumors exhibit 
higher pADC and p/tADC ratios.

From a molecular perspective, our anal-
ysis revealed that HER2-enriched, basal-like, 
and triple-negative tumors had significantly 
higher pADC and p/tADC values than lumi-
nal A subtypes. These subtypes are known 
to exhibit more intense stromal remodeling 

and angiogenesis.36-39

Notably, tADC did not differentiate tu-
mor grade, whereas the p/tADC ratio did 
(P = 0.004 vs. P = 0.252). This supports the 
findings of Doğan et al.,40 who argued that 
peritumoral diffusion metrics better reflect 
biological aggressiveness, and those of Choi 
et al.,41 who suggested that the p/tADC ratio 
mitigates variability introduced by tumor 
heterogeneity and imaging artifacts.

We also calculated cut-off values for pre-

dicting high-grade features. The optimal 
p/tADC threshold of 2.3, determined via ROC 
analysis, yielded the best balance between 
sensitivity and specificity. The p/tADC ratio 
was moderately predictive across different 
features, with the highest LR+ for tumor size 
(LR+: 1.99) and the lowest for HER2 status 
(LR+: 1.56). Although not highly diagnostic 
on their own, these values offer quantifiable 
markers that can assist in clinical risk strati-
fication.

Table 5. Multivariate logistic regression analysis identifying independent predictors of high p/tADC ratio

Variable Univariate p Multivariate OR (95% CI) P value

ER negative 0.006 1.8 (0.9–3.6) 0.09

PR negative 0.015 1.5 (0.7–3.0) 0.18

HER2 positive 0.010 1.7 (0.8–3.2) 0.11

Ki-67 ≥ 20% < 0.001 2.9 (1.5–5.8) 0.002

Grade 3 0.004 2.3 (1.1–4.7) 0.021

OR, odds ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 2; p/tADC, peritumoral-to-tumoral apparent 
diffusion coefficient.

Figure 3. Breast lesion in a 63-year-old female patient with a low peritumor/tumor apparent diffusion coefficient (ADC) ratio. (a) Axial T1-weighted fat-suppressed 
dynamic sequence shows a mass with irregular margin and heterogeneous enhancement in the left breast; (b) normal peritumoral signal intensity is shown in axial 
T2-weighted fat-suppressed sequence; (c) the ADC map shows restricted diffusion in the mass. The lowest mean tumor ADC value (shown as ROI tumor) was 0.8 × 
10−3 mm2/s, and the highest mean peritumor ADC value (shown as ROIperitumor) was 1.9 × 10−3 mm2/s. The peritumor/tumor ADC ratio was 2.3. The clinical and 
histopathological features of the lesion were: grade 1, estrogen receptor and progesterone receptor negative, Ki-67 low (< 20%).

Figure 2. Breast lesion in a 52-year-old female patient with a high peritumor/tumor apparent diffusion coefficient (ADC) ratio. (a) Axial T1-weighted fat-suppressed 
dynamic sequence shows a mass with heterogeneous enhancement in the left breast; (b) high peritumoral signal intensity is shown in Axial T2-weighted fat-
suppressed sequence; (c) the ADC map shows restricted diffusion in the mass. The lowest mean tumor ADC value (shown as ROItumor) was 0.7 × 10−3 mm2/s, and 
the highest mean peritumor ADC value (shown as ROI peritumor) was 2.6 × 10−3 mm2/s. The peritumor/tumor ADC ratio was 3.71. The clinical and histopathological 
features of the lesion were grade 3, human epidermal growth factor receptor 2 positive, estrogen receptor and progesterone receptor negative, Ki-67 high (> 20%).

a

a

b

b

c

c
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In multivariate analysis, only high histo-
logical grade and Ki-67 ≥ 20% retained sta-
tistical significance, emphasizing the p/tADC 
ratio’s closer relationship with proliferative 
activity and stromal remodeling rather than 
receptor expression per se.

Our findings are consistent with those of 
Okuma et al.,28 who also identified associa-
tions between p/tADC and tumor size and 
grade, Ki-67, and lymph node status. Sim-
ilarly, El-Metwally et al.42 supported a link 
between ADC metrics and Ki-67, whereas 
associations with hormone receptors were 
weaker.

Incorporating peritumoral diffusion met-
rics into breast MRI has been supported by 
a recent meta-analysis published in 2024 
(PMID: 38334760).43 However, many prior 
studies lacked interobserver reproducibili-
ty assessments or multivariate control. Our 
study addresses these gaps by demonstrat-
ing that the p/tADC ratio is not only repro-
ducible (ICC > 0.90) but also an independent 
predictor of histopathological aggressive-
ness.

We also contributed to the literature by 
offering molecular subtype-specific analysis 
and defined p/tADC cut-offs for biologically 
aggressive features. Together, these findings 
position the p/tADC ratio as a promising ad-
junct to conventional MRI parameters for risk 
stratification in invasive breast cancer.

Our findings highlight the clinical value 
of the p/tADC ratio as a non-invasive imag-
ing biomarker of tumor aggressiveness. The 
p/tADC ratio was independently associated 
with high histological grade and Ki-67 index 
and showed distinct patterns across molec-
ular subtypes. By using a standardized ROI 
placement and defining specific cut-off val-
ues, this metric may aid in preoperative risk 
stratification. Integrating the p/tADC ratio 
into routine MRI protocols could support 
more personalized treatment planning. Fu-
ture studies should also explore advanced 
diffusion techniques, such as diffusion tensor 
imaging, to better characterize peritumoral 
tissue heterogeneity. 
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O R I G I N A L  A R T I C L E

C A R D I O VA S C U L A R  I M A G I N G

Magnetic resonance imaging evaluation of myocardial and hepatic 
tissue remodeling and cardiac function in sickle cell anemia

PURPOSE
To assess myocardial and hepatic tissue remodeling in patients with sickle cell anemia (SCA) using 
T1 mapping and extracellular volume (ECV) measurements, and to evaluate diastolic dysfunction 
(DD) using magnetic resonance imaging (MRI).

METHODS
This prospective study enrolled 32 patients with SCA (19 women; mean age: 37 years) and 12 
healthy controls (8 men; mean age: 31 years). Myocardial T1, T2, and T2* values and hepatic T1 and 
T2* values were measured in both groups. Myocardial and hepatic ECV measurements were per-
formed in the patient group. DD was evaluated using transmitral flow (TMF) curves and left atrial 
volume index (LAVI).

RESULTS
In patients with SCA, the mean myocardial T1 value was 1,030.91 ms, significantly higher than in con-
trols, and the mean ECV was 31.7% ± 3.1%, higher than published reference ranges. Moreover, LAVI 
was significantly higher in patients than in controls (46.48 ± 15.35 vs. 30.58 ± 5.0 mL/m²; P < 0.001). Dia-
stolic function assessment revealed findings suggestive of a restrictive filling pattern in 10 individuals, 
who had an average age of 33 years. Within the SCA cohort, patients with TMF-derived early/late ratio 
>2 (n = 10) had significantly higher LAVI than the remaining patients (54.05 ± 10.12 vs. 43.0 ± 16.26
mL/m²; P = 0.027). Myocardial ECV was significantly higher in patients with findings suggestive of a 
restrictive filling pattern than in the remaining patients (34.14% ± 2.39% vs. 30.62% ± 2.67%; P = 0.001). 
The mean myocardial T2* value was 39.25 ± 5.9 ms, and no cardiac iron accumulation was detected. 
The mean hepatic T2* value was 12.20 ms, with iron accumulation observed in 16 patients. Iron accu-
mulation can have an impact on T1 values, and measurements in patients without iron accumulation 
revealed a mean liver T1 value (626.5 ms) that was significantly higher than that in controls (P < 0.001). 
These patients also had an ECV (40.4%) that was higher than published reference ranges (P < 0.001).

CONCLUSION
Increased myocardial and hepatic T1 and ECV values were observed in patients with SCA, suggest-
ing expansion of the extracellular space, largely consistent with diffuse interstitial fibrosis in this 
clinical context. Diastolic function assessment revealed a restrictive filling pattern in a substantial 
proportion of patients, supporting a possible association between SCA and this pattern. Myocardial 
ECV was significantly higher in patients with findings suggestive of a restrictive filling pattern than 
in the remaining patients, suggesting an association between diffuse interstitial fibrosis and ad-
vanced DD patterns. MRI may be a valuable modality for evaluating myocardial and hepatic fibrosis 
and assessing cardiac function.

CLINICAL SIGNIFICANCE
MRI with mapping and ECV quantification may contribute to a non-invasive, quantitative assess-
ment of myocardial and hepatic fibrosis-related tissue remodeling in patients with SCA. Moreover, 
TMF analysis may provide valuable insights into diastolic function. Together, these methods could 
contribute to the clinical evaluation and management of SCA and other diseases characterized by 
fibrosis-related remodeling.

KEYWORDS
Myocardial fibrosis, hepatic fibrosis, T1 mapping, extracellular volume, sickle cell anemia, cardiac 
function, diastolic dysfunction, T2* mapping
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Sickle cell anemia (SCA) is an autosomal 
recessive genetic disorder character-
ized by erythrocytes containing abnor-

mal hemoglobin that become spherical and 
rigid under the influence of various stressors 
in the vascular microenvironment. Chronic 
hemolysis and recurrent ischemia-reperfu-
sion injury in multiple organs constitute the 
fundamental mechanisms underlying the 
disease.1 SCA-associated cardiac disease is 
one of the leading causes of mortality and 
morbidity in young adults.2 Repeated micro-
vascular occlusions result in ischemia and 
myocardial fibrosis. Additionally, chronic in-
flammation contributes to these processes, 
thereby impairing diastolic function. Diastol-
ic dysfunction (DD), classified as impaired re-
laxation, pseudonormal, or restrictive filling 
patterns, is an independent risk factor for 
mortality.3 Similarly, hepatic complications 
are frequently encountered and represent 
a significant cause of morbidity, negatively 
affecting prognosis. Processes such as isch-
emia and sequestration caused by vaso-oc-
clusion, as well as iron accumulation from 
chronic hemolysis or treatment, can result in 
hepatic fibrosis.4 

Cardiovascular magnetic resonance 
(CMR) imaging provides a comprehensive, 
non-invasive assessment of cardiac mor-
phology and function, is highly reproducible, 
and plays a central role in myocardial tis-
sue characterization using multiparametric 
techniques. Cine CMR provides high-tem-
poral-resolution assessment of left ventri-
cle and right ventricle function and enables 
accurate, highly reproducible three-dimen-
sional quantification of ventricular volumes 
and ejection fraction (EF) without geomet-
ric assumptions. Phase-contrast (PC)-CMR 
can quantify blood-flow velocity and flow 
across vessels and heart valves, including 

transmitral flow (TMF) and pulmonary ve-
nous flow.5 Late gadolinium enhancement 
(LGE) is widely used for detecting focal re-
placement fibrosis/scarring.6 However, LGE 
may be limited in diffuse interstitial process-
es, making parametric mapping techniques 
increasingly important. Native T1 mapping 
and post-contrast extracellular volume (ECV) 
quantification enable detection and quantifi-
cation of diffuse myocardial fibrosis, whereas 
T2 mapping can provide complementary in-
formation related to edema/inflammation.7 
In addition, T2* mapping is an established 
quantitative approach for assessing myo-
cardial iron deposition in transfusion-related 
iron overload and other iron storage condi-
tions.8 For the liver, magnetic resonance im-
aging (MRI) relaxometry-based approaches 
(including R2/R2* and T2*) are increasingly 
used for non-invasive quantification of liv-
er iron concentration and longitudinal fol-
low-up, enabling assessment of transfusional 
iron burden alongside fibrotic remodeling.9 
Moreover, liver T1 mapping and ECV mea-
surements have been explored as non-in-
vasive markers of hepatic fibrosis and have 
been shown to correlate with fibrosis sever-
ity in chronic liver disease.10

The primary aim of this study was to 
evaluate myocardial fibrosis in patients with 
SCA using MRI-based T1 mapping and ECV 
measurements. DD, which may be related 
to fibrotic remodeling, was assessed using 
TMF analysis and left atrial (LA) volume in-
dex (LAVI) measurements. Hepatic tissue 
characterization was performed in parallel 
with myocardial assessment; T2* mapping 
was also performed to assess myocardial and 
hepatic iron deposition that could confound 
fibrosis-related metrics.

Methods

Study design and participants

In this prospective study, cardiac and he-
patic MRI examinations were performed on 
32 patients with SCA (19 women, 13 men; 
mean age: 37 years) and 12 healthy con-
trols (4 women, 8 men; mean age: 31 years) 
between September 2022 and March 2023. 
This study was approved by the Mersin Uni-
versity Clinical Research Ethics Committee 
(approval date: June 22, 2022; decision num-
ber: 2022/430). Written informed consent 
was obtained from all participants prior to 
inclusion in the study. Exclusion criteria in-
cluded valvular heart disease, implanted car-
diac devices, myocardial infarction, contrast 
allergies, diabetes, hypertension, cardiotoxic 
drug use, renal failure, pregnancy, age under 
18 years, or refusal to provide informed con-
sent. Blood samples were collected to assess 
hematocrit levels for ECV measurements. The 
flow of participant recruitment and exclusion 
is shown in Figure 1.

Magnetic resonance imaging technique 

The MRI protocol included myocardial T1, 
T2, and T2* mapping and hepatic T1 and T2* 
mapping, in both the patient group and the 
control group. Myocardial and hepatic ECV 
measurements were performed, and LAVI 
and TMF curves were obtained to assess 
diastolic function in both groups. All exam-
inations were performed using a 1.5-Tesla 
(T) MRI scanner (MAGNETOM Aera, Siemens 
Healthineers, Erlangen, Germany).

Native T1 mapping images of the heart 
and liver were acquired before contrast ad-
ministration using the MOLLI sequence [pa-
rameters for cardiac imaging: repetition time 

Main points

•	 Magnetic resonance imaging can contrib-
ute to the non-invasive assessment of fi-
brosis-related tissue remodeling through 
mapping techniques and provide insight 
into diastolic function using transmitral flow 
(TMF) analysis.

•	 In patients with sickle cell anemia (SCA), 
increased myocardial and hepatic native T1 
and extracellular volume values may indi-
cate the presence of fibrosis.

•	 Diastolic function evaluation using TMF 
curves and left atrial volume analysis re-
vealed that findings suggestive of restric-
tive filling patterns were relatively common 
among patients with SCA, suggesting a po-
tential association.

Figure 1. Flow diagram of the study. SCA, sickle cell anemia; MRI, magnetic resonance imaging.
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(TR): 280.5 ms; time to echo (TE): 1.12 ms; flip 
angle: 35°; voxel size: 1.4 × 1.4 × 8.0 mm³; for 
liver imaging: TR: 362.16 ms; TE: 1.12 ms; flip 
angle: 35°; voxel size: 1.4 × 1.4 × 8.0 mm³]. 
After acquiring the native T1 maps, a con-
trast agent was administered intravenous-
ly at a dose of approximately 0.10 mmol/
kg (gadobutrol, Gadovist®, Bayer AG, Berlin, 
Germany). Contrast-enhanced T1 mapping 
images were obtained 10–15 minutes later. 

To evaluate hepatic and cardiac iron depo-
sition, T2* maps were obtained before con-
trast administration using a multi-echo gra-
dient-echo sequence with eight echo times 
(TE: 1.2, 3, 5, 7, 9, 11, 13, and 15 ms). TMF as-
sessment was performed using PC-MRI. The 
imaging plane was planned on four-cham-
ber cine images and was prescribed to be 
parallel to the mitral annulus at the level of 
the mitral valve leaflet tips at end-diastole. 
The resulting PC acquisition corresponds an-
atomically to a short-axis orientation at the 
level of the mitral valve. A through-plane ve-
locity encoding value of 150 cm/s was used, 
and it was adjusted as needed to avoid ve-
locity aliasing. 

Magnetic resonance imaging analysis

Image analysis was conducted with the 
vendor-provided syngo.via post-processing 
software.

Myocardial native T1 times were calcu-
lated on pre-contrast T1 mapping images 
by drawing regions of interest (ROIs) on the 
left ventricular myocardium at the mid-ven-
tricular level. A global myocardial approach 
was used, with ROIs encompassing most of 
the left ventricular wall while excluding the 
blood pool, papillary muscles, and trabecula-
tions to minimize partial-volume effects. 

Hepatic native T1 times were measured on 
pre-contrast T1 mapping images by placing 
a single, conservatively sized, circular-to-oval 
ROI in a homogeneous area of the right he-
patic lobe. Measurements were performed 
once per patient using a representative slice. 
The ROI was positioned at least 1 cm away 
from the liver capsule, and areas affected by 
vascular structures, bile ducts, focal lesions, 
or susceptibility-related artifacts were vi-
sually identified and excluded to minimize 
partial-volume effects, using the same ROI 
template across patients. Considering the 

T1-shortening effect of iron deposition,11,12 
hepatic T1 values were calculated and ana-
lyzed both in the entire patient cohort and 
separately in patients without hepatic iron 
overload.

Myocardial and hepatic ECV values were 
calculated using post-contrast T1 values ob-
tained by drawing corresponding ROIs on 
post-contrast T1 mapping images for both 
the myocardium and liver. Blood-pool T1 val-
ues were acquired from the left ventricular 
cavity and abdominal aorta on both pre- and 
post-contrast images (Figure 2). On the same 
day, the patient’s blood hematocrit level was 
measured, and ECV values were calculated 
using the following formula:

ECV = (1-hematocrit) x 

(  ).

Myocardial T2* measurement was per-
formed by manually drawing an ROI in the in-
terventricular septum at the mid-ventricular 
level (Figure 3). A conservative, oval-to-cir-
cular ROI of standardized size was used to 
minimize partial-volume effects. The ROI was 

Figure 2. Measurement of native and post-contrast T1 values in myocardial and hepatic tissue for ECV assessment in a 25-year-old woman with SCA. (a, b) T1 
relaxation times were measured from the myocardium and blood pool on (a) native and (b) post-contrast T1 map images obtained from short-axis views at the 
midventricular level. (c, d) T1 relaxation times were measured from the liver parenchyma and blood pool in the abdominal aorta on (c) native and (d) post-contrast 
T1 map images. ECV, extracellular volume; SCA, sickle cell anemia; SD, standard deviation; ROI, region of interest.

a

c

b

d
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positioned to exclude the blood pool, endo-
cardial border, trabeculations, and papillary 
muscles. In a 1.5-T magnetic field, myocardial 
T2* values are considered normal if they are 
greater than 20 ms.8,13,14 

Hepatic T2* times were measured on he-
patic T2* mapping images by placing a sin-
gle, conservatively sized, circular-to-oval ROI 
in a homogeneous area of the right hepatic 
lobe on a representative slice, at least 1 cm 
from the liver capsule; regions containing 
large vessels or bile ducts, focal lesions, or 
susceptibility-related artifacts were visually 
excluded to minimize partial-volume effects 
(Figure 3). Based on hepatic T2* imaging val-

ues, hepatic iron overload is classified into 
four categories: normal (T2* > 6.3 ms), mild 
(T2*: 2.8–6.3 ms), moderate (T2*: 1.4–2.8 ms), 
and severe (T2* < 1.4 ms).15,16

Myocardial T2 times were calculated on T2 
mapping images by drawing conservatively 
sized ROIs on the left ventricular myocar-
dium at the mid-ventricular level. A global 
myocardial approach was used, with ROIs en-
compassing most of the left ventricular wall 
while excluding the blood pool, papillary 
muscles, and trabeculations to minimize par-
tial-volume effects. Areas affected by suscep-
tibility-related artifacts were visually identi-
fied and avoided during ROI placement.

TMF velocity–time curves were generated 
by placing an ROI at the center of the mitral 
valve orifice on phase images (Figure 4). Early 
(E) and late (A) diastolic filling waves were de-
rived from these velocity–time curves. The E 
wave was defined as the peak early diastolic 
TMF velocity, and the A wave as the peak ve-
locity during atrial contraction. 

LA volumes were measured using the 
biplane area–length method. At the end 
of systole, the LA area and anteroposterior 
length were traced in four-chamber (A1–L1) 
and two-chamber (A2–L2) views. LA volume 
was calculated using the formula 0.85 × A1 × 
A2 / L, where L represents the shorter of the 

Figure 3. Measurement of hepatic and myocardial iron deposition in a 51-year-old man with SCA. (a) Hepatic T2* map image showing moderate iron deposition. (b) 
Cardiac T2* map image showing no iron deposition. SCA, sickle cell anemia; SD, standard deviation; ROI, region of interest.

a b

Figure 4. Obtaining the TMF curve in a healthy 30-year-old woman. Although the imaging plane was planned on the four-chamber cine view, the resulting through-
plane PC-MRI acquisition corresponds anatomically to a short-axis orientation at the mitral valve level. (a) Through-plane PC-MRI phase image acquired with a VENC 
of 120 cm/s; a region of interest is placed within the mitral orifice to generate the TMF curve. (b) The resulting curve shows an E/A ratio of 1–2, consistent with normal 
filling. TMF, transmitral flow; PC-MRI, phase-contrast magnetic resonance imaging; VENC, velocity encoding.

a b
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two measured lengths (L1 or L2).17 The LAVI 
was then calculated by indexing LA volume 
to body surface area and expressed as mL/
m². Patients with an E/A ratio < 1 with nor-
mal or mildly increased LAVI were classified 
as having findings suggestive of an impaired 
relaxation filling pattern. Patients with an 
E/A ratio of 1–2 and increased LAVI were 
classified as having findings suggestive of a 
pseudonormal filling pattern. Patients with 
an E/A ratio > 2 with markedly increased LAVI 
were classified as having findings suggestive 
of a restrictive filling pattern (Figure 5).

Statistical analysis

Interobserver agreement was assessed 
using the intraclass correlation coefficient 
(ICC). Descriptive statistics for categorical 
variables were presented as frequencies and 
percentages, whereas continuous variables 
were expressed as mean ± standard devia-
tion. The relationship between categorical 

variables was evaluated using the chi-square 
test. Variance equality between the patient 
and control groups was assessed using Lev-
ene’s test, and, based on the results, the ap-
propriate t-test (Student’s or Welch’s) was 
used to examine differences in mean mea-
surements. In addition, one-sample t-tests 
were performed to compare the mean myo-
cardial and hepatic ECV values of our patient 
cohort with previously published reference 
values. Pearson’s correlation coefficient was 
used to assess the linear relationship be-
tween measurements. Statistical significance 
was defined as P < 0.05.

Results

Demographic and clinical characteristics

A total of 32 patients with SCA and 12 
healthy individuals were included in the 
study. Demographic characteristics of the 
participants are presented in Table 1. There 

was no significant difference in mean age 
between the patient and control groups (P 
= 0.083). No participants in either group had 
a history of hypertension, diabetes mellitus, 
valvular heart disease, or known coronary 
artery disease. Among the patients, 27 were 
receiving hydroxyurea therapy, whereas 5 
were not. Transfusion exposure was hetero-
geneous: 8 patients had no transfusion his-
tory. Of the 24 patients with a transfusion 
history, 13 received transfusions in the last 
year (range, 4–12 per year), whereas the re-
maining 11 had only sporadic transfusions 
in the past (typically 1–3 episodes) without 
a regular transfusion schedule. Among pa-
tients with a transfusion history, the interval 
between the most recent transfusion and 
MRI was at least 4 months in all cases. All 
MRI examinations were scheduled as outpa-
tient scans and were performed during the 
steady-state period; none of the patients 
were imaged during an acute vaso-occlusive 
crisis.

Figure 5. Transmitral flow curves showing impaired relaxation and restrictive filling patterns. (a) Transmitral flow pattern consistent with a restrictive filling pattern, 
showing an E/A ratio > 2 (E: 94, A: 39, E/A: 2.41) in a 27-year-old woman with SCA. (b) Transmitral flow pattern consistent with an impaired relaxation pattern, 
showing an E/A ratio < 1 (E: 47, A: 54, E/A: 0.8) in a 51-year-old man with SCA. SCA, sickle cell anemia; ROI, region of interest.

a b

Table 1. Demographic characteristics of study participants

Characteristic Control (n = 12) Patients (n = 32) P value

Age (years) 31.4 ± 6.8 37.5 ± 11.09 0.083

Male sex, n (%) 8 (66.7) 13 (40.6) 0.124

Hydroxyurea therapy, n (%) NA 27 (84.4) –

Transfusion (ever), n (%) NA 24 (75) –

Transfusions in the last year NA 13 (40.6) –

Hemoglobin (g/dL) – 8.0 ± 1.3 –

Hematocrit (%) – 24.8 ± 4.0 –

Values are presented as mean ± standard deviation. n, number; NA, not applicable.
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Cardiac magnetic resonance imaging pa-
rameters

Cardiac MRI parameters are summarized 
in Table 2. Myocardial native T1 was signifi-
cantly higher in patients with SCA than in 
controls (1,030.9 ± 28.4 ms in the SCA group 
vs. 1,000.3 ± 23.8 ms in controls; P = 0.002). In 
contrast, myocardial T2 values did not differ 
significantly between groups. Myocardial T2* 
values remained within the normal range in 
the SCA group, and no patient demonstrated 
myocardial iron accumulation. Cine-derived 
left ventricular end-diastolic volume index 
(LVEDVi), left ventricular end-systolic volume 
index (LVESVi), and left ventricular mass in-
dex were significantly higher in patients with 
SCA than in controls (all P < 0.001); LAVI was 
significantly higher in the SCA group than in 
controls (46.48 ± 15.35 vs. 30.58 ± 5.0 mL/m²; 
P < 0.001); EF did not differ significantly be-
tween the two groups.

Myocardial extracellular volume findings 

Myocardial ECV measurements are pre-
sented in Table 3. The mean myocardial ECV in 
the SCA group was 31.7%, which was higher 
than previously reported reference ranges.18 

Within the SCA cohort, myocardial ECV 
was significantly higher in patients with find-

ings suggestive of a restrictive filling pattern 
(n = 10) than in the remaining patients (n 
= 22) (34.14 ± 2.39% vs. 30.62 ± 2.67%; P = 
0.001) (Table 4).

Distribution of diastolic dysfunction

DD was evaluated based on TMF-derived 
E/A ratios, assessed in conjunction with LAVI. In 
the SCA group, findings suggestive of DD were 
identified in 15 of 32 patients (46.9%), whereas 
none were observed in the control group (Ta-
ble 2). The findings showed that 10 patients 
(31%) exhibited findings suggestive of a restric-
tive filling pattern, 2 (6%) showed findings sug-
gestive of an impaired relaxation filling pattern, 
and 3 (9%) exhibited findings suggestive of a 
pseudonormal filling pattern; 17 patients (53%) 
had no findings suggestive of DD. The distribu-
tion of DD is shown in Figure 6. In a subgroup 
analysis, patients with TMF-derived E/A > 2 (n 
= 10) had significantly higher LAVI than the 
remaining patients (n = 22) (54.05 ± 10.12 vs. 
43.0 ± 16.26 mL/m²; P = 0.027) (Table 4).

Hepatic magnetic resonance imaging find-
ings

Hepatic MRI parameters are summarized 
in Table 2. Hepatic iron accumulation was 

detected in 16 of 32 patients, and the mean 
hepatic T2* value was significantly lower in 
the SCA group than in controls (P = 0.006). 
Although the mean hepatic native T1 value 
was higher in the SCA group, the difference 
was not significant. In the SCA subgroup 
without hepatic iron deposition, the mean 
hepatic T1 value was significantly higher 
than in controls (P < 0.001).

The mean hepatic ECV was 46.1% in the 
entire SCA group and 40.4% in the subgroup 
without hepatic iron deposition, both high-
er than previously reported reference rang-
es.19,20 Hepatic ECV measurements are pre-
sented in Table 3.

Interobserver agreement

Myocardial T1 relaxation times and ECV 
values were independently measured by two 
radiologists with 5 and 15 years of experi-
ence, respectively, whereas other parameters 
were assessed together. There was a high 
interobserver agreement for native T1 [ICC: 
0.85, 95% confidence interval (CI): 0.80, 0.93] 
and ECV [ICC: 0.96 (95% CI: 0.93, 0.98)].

Table 2. Magnetic resonance imaging characteristics of study participants

Characteristic Control (n = 12) Patients (n = 32) P value

Cardiac function parameters

EF (%) 60 ± 4.1 60.7 ± 4.6 0.233

LAVI (mL/m²) 30.58 ± 5 46.48 ± 15.35 < 0.001

LVEDVi (mL/m²) 75.67 ± 12.95 101.95 ± 16.75 < 0.001

LVESVi (mL/m²) 30.09 ± 6.50 40.28 ± 9.28 < 0.001

Left ventricular mass index (g/m²) 54.49 ± 6.27 76.95 ± 13.23 < 0.001

Myocardial parameters

Myocardial T1 (ms) 1,000.33 ± 23.76 1,030.91 ± 28.40 0.002

Myocardial T2 (ms) 47.92 ± 3.67 47.94 ± 3.16 0.985

Myocardial T2* (ms) 36.41 ± 5.24 39.25 ± 5.92 0.151 

Hepatic parameters

Hepatic T1 (ms) 537.83 ± 29.07 564.03 ± 108.88 0.402

Hepatic T1† (ms) 537.83 ± 29.07 626.56 ± 61.45 < 0.001

Hepatic T2* (ms) 19.15 ± 4.26 12.20 ± 7.77 0.006

Diastolic dysfunction 

DD present 0 (0%) 15 (46.9%) –

DD absent 12 (100%) 17 (53.1%) –
†: SCA subgroup without hepatic iron deposition (n = 16). Values are presented as mean ± standard deviation or n (%). Statistically significant measurements are shown in bold. 
EF, ejection fraction; LAVI, left atrial volume index; LVEDVi, left ventricular end-diastolic volume index; LVESVi, left ventricular end-systolic volume index; n, number; DD, diastolic 
dysfunction.
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Discussion 
The present study was designed to eval-

uate myocardial fibrosis in patients with SCA 
using advanced MRI tissue mapping tech-
niques and ECV quantification, and to assess 
associated DD through TMF analysis and LA 
volume measurements. Hepatic fibrosis-re-
lated MRI metrics were also evaluated. The 
principal findings of this study demonstrated 
that patients with SCA exhibited significantly 
increased myocardial native T1 and ECV val-
ues, suggesting expansion of the myocardial 
extracellular space, largely consistent with 
diffuse interstitial fibrosis in this cohort, in 
the absence of myocardial iron overload as 
indicated by normal myocardial T2* values. 
Importantly, diastolic function assessment 
revealed a high prevalence of findings sug-

gestive of advanced DD, including restrictive 
filling patterns, in relatively young patients. 
Notably, myocardial ECV was significantly 
higher in patients with findings suggestive 
of a restrictive filling pattern than in the re-
maining SCA cohort, supporting an associ-
ation between diffuse myocardial fibrosis 
and advanced diastolic filling abnormalities 
in SCA. In a secondary, exploratory analy-
sis, hepatic tissue characterization demon-
strated elevated native T1 and ECV values, 
particularly in patients without hepatic iron 
deposition, supporting fibrosis-related tissue 
remodeling beyond iron-related effects.

The increase in native T1 values, reflecting 
tissue differences, particularly in conditions 
involving fibrosis and edema, along with 
the increase in ECV values, which correlate 
strongly with tissue collagen content, sug-

gests myocardial fibrosis in patients with 
SCA. Cardiomyopathy, the leading cause of 
mortality in SCA, is associated with cardiac 
chamber enlargement, perfusion abnormal-
ities, myocardial fibrosis, DD, and, occasion-
ally, iron deposition.21 In a study by Bakeer et 
al.22 using cardiac imaging–histopathology 
correlation in mice with SCA, it was deter-
mined that, in addition to anemia-induced 
hyperdynamic physiology, a restrictive con-
dition was also present, which was associat-
ed with myocardial fibrosis. In another study, 
Alsaied et al.23 identified the relationship be-
tween LA dysfunction and myocardial fibro-
sis in patients with SCA. Furthermore, Niss et 
al.24 found that sickle cell-related cardiomy-
opathy was associated with hyperdynamic 
processes and DD, with DD being linked to 
myocardial fibrosis. In that study, signifi-
cantly elevated T1 relaxation times and ECV 
values were observed in the patient group, 
consistent with our results. When acquisition 
and post-processing are standardized, ECV 
measurements show good reproducibility; 
moreover, the dependence of ECV on field 
strength and sequence choice appears low-
er than for native T1.7,25 Moreover, there is a 
strong correlation between ECV and histo-
pathologically measured collagen levels in 
fibrosis.26 This makes ECV a useful tool for 
identifying myocardial fibrosis and a prom-
ising, non-invasive alternative to labor-inten-
sive procedures. However, ECV reflects ex-
pansion of the myocardial extracellular space 
and is not entirely specific for fibrosis; it may 
also be elevated in the presence of myocardi-
al edema/inflammation or infiltrative cardio-
myopathies. In our cohort, infiltrative disease 
was considered unlikely given the young 
age and clinical context, and myocardial T2 
values were not increased compared with 

Figure 6. Distribution of diastolic filling patterns in the patient group (n = 32) based on TMF-derived E/A 
ratio in conjunction with LAVI. Values are shown as n (%). TMF, transmitral flow; LAVI, left atrial volume index; 
DD, diastolic dysfunction.

Table 3. Comparison of ECV values in the patient group and those in the literature

Group n Mean Standard deviation P value

Myocardial ECV
Patient 32 31.7% 3.1

 < 0.001
Control* 81 25.3% 3.5

 Hepatic ECV†
Patient 16 40.4% 7.2

 < 0.001
Control** 22 25.9% 4.5

*The control group in reference 18; **The control group in reference 19. †: SCA subgroup without hepatic iron deposition (n = 16). The P values were calculated using one-sample 
t-tests comparing the patient group’s mean ECV values with published reference means. Statistically significant measurements are shown in bold. ECV, extracellular volume; n, 
number. 

Table 4. Comparative evaluation of myocardial ECV and LAVI in patients with SCA with findings suggestive of a restrictive filling pattern 
versus the remaining SCA cohort

Parameter Restrictive filling pattern group (n = 10) Remaining SCA cohort (n = 22) P value

Myocardial ECV (%) 34.14 ± 2.39 30.62 ± 2.67 0.001

LAVI (mL/m²) 54.05 ± 10.12 43.03 ± 16.26 0.027

Values are presented as mean ± standard deviation. ECV, extracellular volume; LAVI, left atrial volume index; SCA, sickle cell anemia; n, number.
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controls, arguing against clinically relevant 
myocardial edema at the time of imaging. 
Taken together, elevated native T1/ECV in 
the presence of normal T2 supports diffuse 
interstitial fibrosis as the likely predominant 
explanation, although subtle edema cannot 
be completely excluded.

Studies have shown a significant link be-
tween collagen content, ventricular relax-
ation, and diastolic function. In experimental 
models, reducing myocardial collagen with 
bacterial collagenase27 or plasmin28 increased 
sarcomere length and ventricular volume, 
whereas fibrotic conditions with higher col-
lagen levels impaired elasticity and diastolic 
function. These findings suggest that myo-
cardial fibrosis, characterized by increased 
collagen content, could be biochemically 
linked to DD in patients with SCA. Both Niss 
et al.24  and Alsaied et al.23 evaluated cardiac 
functions using transthoracic echocardiogra-
phy (TTE). Alsaied et al.23 identified an asso-
ciation between myocardial fibrosis and LA 
dysfunction. Similarly, Niss et al.24 proposed a 
connection between myocardial fibrosis and 
DD. In our study, we assessed diastolic func-
tion using TMF indices derived from PC-CMR. 
Comparative studies have shown that these 
PC-CMR–derived indices correlate well with 
Doppler TTE, with good agreement particu-
larly for the E/A ratio and deceleration time 
when standardized acquisition and analysis 
are applied.29-31 Nevertheless, invasive hemo-
dynamic assessment (e.g., right heart cath-
eterization with pulmonary capillary wedge 
pressure) remains the reference standard 
for confirming elevated filling pressures;32 
therefore, PC-CMR–derived diastolic indices 
warrant further validation against invasive 
metrics in larger cohorts. 

A substantial prevalence of findings sug-
gestive of a restrictive filling pattern was 
observed in relatively young patients with 
SCA, representing another key finding of this 
study. To the best of our knowledge, this is 
the first study to evaluate diastolic function 
in patients with SCA using MRI based on 
LA volume measurements and TMF curves. 
Among the 32 patients, 15 had findings sug-
gestive of DD: 2 with findings suggestive of 
impaired relaxation filling pattern (E/A ratio 
< 1, aged 51 and 53 years), 3 with findings 
suggestive of pseudonormal filling pattern 
(E/A ratio 1–2, significantly increased LAVI, 
aged 60, 51, and 51 years), and 10 with find-
ings suggestive of a restrictive filling pattern 
(E/A ratio > 2, mean age: 33.3 years). This 
raises the possibility that aging may also play 
a role in the etiology of impaired relaxation 
and pseudonormal filling patterns, suggest-

ing that age-related changes may influence 
these measurements. Indeed, the DD that 
emerged in these 5 patients with SCA, who 
had no comorbidities such as diabetes or hy-
pertension and no known history of cardiac 
disease, may be related to myocardial fibrosis 
associated with SCA. However, it would not 
be accurate to ignore age-related changes. A 
particularly striking finding was that 10 rela-
tively young patients (mean age: 33.3 years), 
all without comorbidities other than SCA, 
showed TMF and LAVI findings suggestive of 
a restrictive filling pattern. In these patients, 
the E/A ratio was >2, along with a markedly 
increased LAVI (54.05 ± 10.12 mL/m²), and all 
had elevated ECV values (minimum 28.7%, 
maximum 36.8%). The underlying patholo-
gy in a restrictive filling pattern is myocar-
dial stiffening and decreased elasticity. We 
believe that the diffuse myocardial fibrosis 
observed in SCA is associated with this pa-
thology. Consistent with this interpretation, 
myocardial ECV was significantly higher in 
patients with findings suggestive of a re-
strictive filling pattern than in the remaining 
SCA cohort (P = 0.001) (Table 4), suggesting 
an association between diffuse interstitial fi-
brosis and advanced DD patterns. Due to the 
cross-sectional design, temporal or causal 
relationships between fibrosis-related MRI 
findings and diastolic abnormalities cannot 
be established; therefore, these observations 
should be interpreted as hypothesis-gener-
ating. From a methodological perspective, 
our diastolic evaluation relied on PC-CMR–
derived TMF (E/A) and LAVI and did not in-
corporate additional diastolic parameters, 
such as tissue Doppler e′ and E/e′, pulmonary 
venous flow, tricuspid regurgitation velocity, 
or invasive filling pressures. In SCA, chronic 
anemia and a high-output state may influ-
ence TMF and contribute to a restrictive-like 
pattern; therefore, this pattern should be 
interpreted in the clinical context and not 
equated with a clinical diagnosis of heart 
failure with preserved EF or restrictive car-
diomyopathy. Consistent with a chronic vol-
ume-loaded, high-output physiology, LVED-
Vi, LVESVi, and left ventricular mass index 
were higher in patients with SCA (P < 0.001), 
supporting volume load-related structural 
remodeling, whereas EF remained similar be-
tween groups, indicating preserved systolic 
function.

Using T2* mapping, we observed no car-
diac iron accumulation in patients with SCA, 
consistent with the literature. Previous stud-
ies have likewise shown that cardiac iron is 
uncommon in SCA despite frequent hepatic 
iron overload. For example, Junqueira et al.33 

reported hepatic iron accumulation in 26/30 
patients with only one case of cardiac iron, 
and Inati et al.34 found no cardiac iron in 20 
patients with SCA. In line with prior reports, 
hepatic iron accumulation was present in a 
substantial proportion of our cohort. Hepatic 
fibrosis may develop due to both iron accu-
mulation and the disease’s pathophysiolo-
gy. ECV measurements, which are valuable 
in evaluating myocardial fibrosis, may also 
be useful in assessing hepatic fibrosis. Mes-
ropyan et al.19 conducted a study involving 
68 patients with cirrhosis and 22 healthy 
individuals, measuring hepatic ECV and find-
ing that ECV was higher in the patients with 
cirrhosis than in the control group. Following 
this approach, we, to the best of our knowl-
edge, measured hepatic parenchymal ECV 
values in patients with SCA for the first time. 
However, hepatic iron deposition can short-
en native T1, thereby masking underlying 
fibrosis. Iron-corrected T1 (cT1) accounts for 
this effect by incorporating an iron-sensitive 
measure, such as T2* or R2*, thereby improv-
ing the interpretation of T1 in the presence 
of iron. Accordingly, cT1 may provide a more 
reliable assessment of fibro-inflammatory 
changes in iron-loaded livers than native T1 
alone. Because cT1 was not available in our 
study due to software limitations, we ana-
lyzed hepatic T1/ECV measurements sepa-
rately in patients with and without hepatic 
iron accumulation. 

In patients without hepatic iron depo-
sition, hepatic native T1 and ECV values 
were significantly higher than in controls, 
consistent with fibrotic remodeling related 
to recurrent vaso-occlusions and resultant 
ischemia in SCA, even in the absence of sig-
nificant iron accumulation. Additionally, iron 
deposition clearly contributes to fibrosis at 
the biochemical level.35 When including pa-
tients with hepatic iron accumulation in the 
analysis of the entire patient group, hepatic 
native T1 values were higher than those of 
the control group but did not reach statistical 
significance, likely because iron deposition 
lowers T1 values. Similarly, hepatic ECV val-
ues for the entire patient group were mark-
edly higher than the ranges reported in the 
literature and the values observed in patients 
without iron accumulation. However, it re-
mains unclear whether this increase is solely 
due to the contribution of iron deposition to 
fibrosis. This issue requires further investiga-
tion using a larger patient cohort and stud-
ies that employ cT1 values to provide clarity. 
Nonetheless, hepatic native T1/ECV are use-
ful surrogates but are not specific for fibrosis. 
Liver MOLLI/shMOLLI T1 measurements can 
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be influenced by hepatic fat (via fat–water/
off-resonance effects, which may cause an 
apparent T1 overestimation in steatosis) and 
by diffuse inflammatory/congestive chang-
es, whereas iron has a more pronounced 
T1-shortening confounding effect.36,37 Ac-
cordingly, although we addressed iron via 
subgroup analyses, residual confounding 
from unmeasured steatosis or other diffuse 
hepatic processes cannot be completely ex-
cluded. Future studies incorporating quanti-
tative fat assessment [proton density fat frac-
tion (PDFF)] may further reduce confounding 
and strengthen the interpretation of hepatic 
fibrosis-related MRI metrics. 

Our study has several limitations. First, this 
was a relatively small observational study, 
which limits the generalizability of our find-
ings. Additionally, this was a single-center, 
adult-predominant cohort with high hy-
droxyurea use and specific transfusion pat-
terns; therefore, our findings may not be gen-
eralizable to pediatric populations with SCA, 
patients managed with different treatment 
strategies, or regions with differing disease 
severity. Subgroup analyses were small—
particularly DD subgroups and hepatic ECV 
subgroups based on iron status—limiting 
the robustness of subgroup comparisons and 
increasing the risk of sampling variability in 
subgroup classification. Moreover, no formal 
correction for multiple comparisons was ap-
plied despite multiple subgroup analyses, 
t-tests against literature reference values, and 
correlation analyses; therefore, the findings 
should be interpreted with caution. Although 
we observed clear differences in key MRI 
metrics, conclusions regarding associations 
between tissue characterization findings and 
DD should be interpreted as hypothesis-gen-
erating. Second, although major comorbid-
ities were absent by study design, we could 
not comprehensively account for potential 
confounders, including age-related effects, 
disease severity, and treatment exposure 
(e.g., transfusion history and hydroxyurea 
therapy). Although treatment histories were 
available, the sample size and study design 
did not allow a reliable assessment of their 
impact on diastolic indices or MRI-based tis-
sue metrics; therefore, residual confounding 
cannot be ruled out. Additionally, detailed 
clinical data and comprehensive laboratory 
parameters—including liver function tests 
and cardiac biomarkers—were not available, 
which could have provided valuable correla-
tions with imaging findings. Third, we could 
not administer contrast to controls for ethical 
reasons; as such, control ECV values were not 
available, and patient ECV measurements 

were compared with literature reference 
ranges. This comparison is subject to meth-
odological variability across T1-mapping/ECV 
techniques and platforms, meaning our ECV 
findings should be interpreted cautiously. 
Published reference ranges were used pri-
marily for context, and these comparisons 
should not be interpreted as definitive ab-
normality thresholds. Fourth, hepatic tissue 
characterization was limited by the inability 
to use cT1 due to a lack of appropriate soft-
ware, and hepatic steatosis was not quanti-
tatively assessed (e.g., by PDFF), which may 
affect the specificity of hepatic native T1/
ECV for fibrosis. In addition, hepatic fibrosis 
was not confirmed by liver biopsy, meaning 
hepatic findings should be considered ex-
ploratory and are not equivalent to histolog-
ic fibrosis staging. Fifth, echocardiographic 
parameters (e.g., E/e′ and echo-derived E/A) 
were not available for most participants, pre-
cluding a systematic echo–CMR correlation 
analysis. As such, the CMR-based DD classi-
fication should be interpreted as suggestive, 
and future studies using standardized echo-
cardiography and/or invasive hemodynamic 
reference measurements would be valuable. 
Finally, the absence of findings suggestive of 
DD in the control group should be interpret-
ed cautiously, given the small control sample 
size (n = 12) and the lack of universally estab-
lished normal reference ranges and diagnos-
tic thresholds for PC-CMR–derived diastolic 
indices such as the E/A ratio. Future studies 
with larger sample sizes, more balanced DD 
subgroups, multivariable adjustment for con-
founders, the use of cT1 values, and ethically 
feasible inclusion of control ECV measure-
ments are needed to confirm and extend 
these findings.

In conclusion, in patients with SCA, myo-
cardial T1 and ECV values were significantly 
higher, suggesting expansion of the myo-
cardial extracellular space, largely consistent 
with diffuse interstitial fibrosis in the studied 
clinical context. Moreover, T2* mapping re-
vealed no cardiac iron deposition, indicat-
ing that cardiac findings were unlikely to 
be related to myocardial iron accumulation. 
Furthermore, TMF curves and LA volume 
measurements revealed findings suggestive 
of a restrictive filling pattern in a consider-
able number of young patients without any 
comorbidities other than SCA, and myocar-
dial ECV was significantly higher in these 
patients, supporting an association between 
diffuse interstitial fibrosis and advanced fill-
ing patterns. These data suggest that CMR, 
which allows non-invasive and comprehen-
sive evaluation of myocardial tissue char-

acteristics and cardiac function in patients 
with SCA, may have clinical value for early 
diagnosis and follow-up. In liver evaluations 
using T2* mapping, iron accumulation was 
detected in some patients, whereas in the 
group without iron deposition, significantly 
increased hepatic T1 and ECV values were 
observed. These secondary hepatic findings 
should be interpreted as exploratory and 
hypothesis-generating, and suggest that 
combined liver T2* and T1/ECV mapping 
may provide complementary information on 
iron burden and tissue remodeling in SCA, 
pending validation in larger studies. Further 
studies with dedicated liver endpoints are 
needed to clarify the clinical implications of 
these observations. 
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O R I G I N A L  A R T I C L E

E M E R G E N C Y  R A D I O L O G Y

The relationship between hypostasis and gas detected in postmortem 
computed tomography and the postmortem interval

PURPOSE
To evaluate the relationship between gas detected in solid organs, such as the aorta and heart, and 
hypostasis in the lung parenchyma on postmortem computed tomography (PMCT) in relation to 
the postmortem interval (PMI).

METHODS
Between January 2021 and January 2025, 74 individuals (60 men, 14 women; 18–84 years; mean 
age, 41.8 ± 17.6 years) who underwent autopsy due to various forensic causes were retrospectively 
evaluated using PMCT images obtained prior to autopsy. The presence of gas in the heart, liver, 
kidneys, and aorta on postmortem thoracic and abdominal CT images was graded as follows: grade 
0, absent; grade 1, ≤ 25%; grade 2, > 25% but < 50%; and grade 3, ≥ 50%. These findings were com-
pared with the PMI. In addition, the presence of hypostasis and clotting in the lungs on thoracic 
PMCT was compared with the PMI.

RESULTS
Intravascular gas was observed within the cardiac chambers in all but seven cases, and the amount 
of intracardiac gas increased in direct proportion to the PMI. The presence of clotting in the pul-
monary arteries showed a statistically significant association with the PMI (P = 0.015). A strong 
positive correlation (r: 0.720) was identified between intravascular gas in the liver and that in the 
cardiac chambers. Furthermore, a statistically significant and strong positive correlation was found 
between pulmonary hypostasis and clotting in the pulmonary arteries (r: 0.892, P = 0.001). A strong 
correlation was also observed between pulmonary arterial clotting and the density differences be-
tween hypostatic and non-hypostatic regions of the lung parenchyma (r: 0.918).

CONCLUSION
On PMCT, decomposition-related gas can be detected in solid organs, particularly in the liver and 
heart, as early as within 48 hours postmortem, and its presence is associated with the PMI. A strong 
correlation exists between pulmonary arterial clotting or sedimentation and hypostasis in the lung 
parenchyma.

CLINICAL SIGNIFICANCE
PMCT can help determine the PMI, in addition to identifying forensic causes of death, and may 
contribute to routine forensic assessment.
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Hypostasis, postmortem computed tomography, forensic imaging, autopsy, postmortem interval
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Postmortem computed tomography 
(PMCT) is performed to identify abnor-
malities that may be overlooked during 

forensic autopsy and to complement autopsy 
findings.1,2 In addition to typical postmortem 
changes, PMCT can provide ballistic infor-
mation in firearm injuries, such as bullet lo-
calization, type, and trajectory, thereby con-
tributing to the determination of the cause 
of death. Moreover, PMCT can demonstrate 
findings related to other forensic cases, such 
as assault, stab wounds, or penetrating inju-
ries.3 In countries with a large elderly popula-
tion, postmortem thoracic CT is particularly 
useful for detecting lung and cardiovascular 
pathologies.

Evaluation of the lungs and pleural cav-
ities with PMCT prior to autopsy facilitates 
the differentiation of certain structural and 
acquired cardiopulmonary conditions from 
traumatic pathologies such as contusion or 
laceration. Pulmonary congestion, which 
often develops due to cardiac events, ap-
pears on CT as ground-glass opacities with 
peribronchial thickening, whereas pulmo-
nary contusions manifest as ground-glass 
opacities not conforming to specific seg-
ments or distributions. Hypostasis (depen-
dent density), commonly observed in PMCT, 
may mimic or overlap with these findings. 
It is characterized by gravity-dependent 
ground-glass opacities in the lower regions 
of the lung parenchyma, resulting from high-
er water content than in other lobes.4 The 
presence of hypostasis, a phenomenon that 
can also be observed in otherwise healthy 
individuals, varies according to the postmor-
tem interval (PMI).5

During the postmortem period, it has 
been reported that decomposition-related 
gas begins to form within 24–48 hours af-
ter death, mainly produced by the intestinal 
flora. Environmental factors, such as body 
preservation status, ambient temperature, 
and humidity, also influence gas formation 
due to putrefaction.6,7 Even small amounts of 
intraparenchymal or intravascular gas, which 
may be difficult to detect at autopsy, can be 
easily identified on PMCT. It is crucial, howev-
er, to distinguish decomposition-related gas 
from air embolism. Although the distribution 
of postmortem gas varies depending on the 
PMI, it is most frequently detected in the liv-
er and heart. In forensic investigations, both 
the extent of intravascular and parenchymal 
gas on CT and the presence or absence of 
pulmonary hypostasis appear to be import-
ant indicators for estimating the PMI. Accord-
ingly, we hypothesize that gas formation and 
pulmonary hypostasis observed on PMCT 
correlate positively with the PMI.

The aim of this study was to evaluate the 
relationship between gas and hypostasis de-
tected in organs on PMCT and the PMI.

Methods

Ethical statement

This study was initiated after approval 
by the Pamukkale University Non-Invasive 
Clinical Research Ethics Committee (proto-
col number: E-60116787-020-556684, date: 
07/23/2024).

Study group

Between January 2021 and January 2025, 
PMCT images [number of cases (n) = 84] ob-
tained prior to autopsy from individuals with 

preserved cranial, thoracic, and abdominal 
organ integrity in the Radiology Archive of 
Pamukkale University Faculty of Medicine 
Hospital were retrospectively reviewed. 
Cases were excluded if organ integrity was 
compromised, the body was not found in a 
supine position, there was evidence of death 
due to burns or blast injuries, or if the CT 
images exhibited missing data or extensive 
artifacts. 

For all cases, the PMI was calculated as the 
time elapsed between the reported time of 
death (documented by the police or judicial 
authorities) and the CT scan. The final study 
group consisted of 74 individuals (60 men, 14 
women; age range 18–84 years; mean age, 
41.8 ± 17.6 years) who underwent forensic 
autopsy. The CT images included in the study 
were selected to ensure artifact-free quality, 
a supine body position, preserved organ in-
tegrity, and appropriate postmortem preser-
vation conditions (Figure 1).

PMCT images were independently eval-
uated by two radiologists for interobserver 
assessment.

Computed tomography

CT examinations were performed using 
a 64-detector array multislice CT scanner 
(LightSpeed VCT 64; GE Healthcare, Milwau-
kee, WI, USA). The imaging parameters for the 
brain and neck CT were as follows: tube volt-
age, 100 kV; tube current, 150–320 mAs; slice 
thickness, 2.5 mm; collimation, 64  ×  0.625 
mm; matrix, 512 × 512; rotation time, 0.5 sec-
onds; and field of view (FOV), 250  mm. The 
imaging parameters for the thorax and abdo-
men CT were as follows: tube voltage, 140 kV; 
tube current, 150–320 mAs; slice thickness, 
1.25 mm; collimation, 64 × 0.625 mm; matrix, 

Main points

•	 Postmortem computed tomography 
(PMCT) helps determine the forensic causes 
of death by providing ballistic information 
about bullet localization and the type and 
direction of bullets in firearm injuries, along 
with radiological findings of assaults, stab-
bings, and other penetrating injuries.

•	 In PMCT, the presence of gas in organs 
caused by putrefaction is moderately cor-
related with the postmortem interval. Gas 
is consistently observed in the heart within 
0–7 hours after death and in the liver and 
aorta within 8–16 hours or more.

•	 In PMCT, hypostasis is demonstrated by 
the presence of clotting or sediment in the 
pulmonary arteries, with distribution de-
pendent on the position of the corpse. After 
approximately 48–72 hours postmortem, 
pulmonary hypostasis regresses in parallel 
with the resolution of clotting or sediment 
in the pulmonary arteries.

Figure 1. Flowchart of the relationship between hypostasis and gas detected in postmortem computed 
tomography and the postmortem interval. CT, computed tomography.
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512  ×  512; rotation time, 0.5 seconds; and 
FOV, 500 mm. All PMCT images were evalu-
ated at the workstation in axial, sagittal, and 
coronal planes.

Image analysis

On postmortem brain CT, the presence of 
gas in intracranial vascular structures was as-
sessed (Figure 2). On thoracic and abdominal 
PMCT, the presence of gas in the heart, liv-
er, kidneys, and aorta was graded as follows: 
grade 0, no gas; grade 1, ≤ 25% gas; grade 
2, > 25% but < 50% gas; and grade 3, ≥ 50% 
gas. These findings were compared with the 
PMI (Figures 3 and 4). On thoracic CT, the 
presence or absence of pulmonary hyposta-
sis was assessed in the lung window. Density 
measurements were obtained using a region 
of interest of 500–600 mm² from lung paren-
chyma with and without hypostasis (Figure 
5). In the mediastinal window, the presence 
of clotting in the pulmonary trunk or lobar 
pulmonary arteries was evaluated (Figure 
6). The density of clots was also measured, 
and findings of hypostasis and clotting were 
compared with the PMI.

Statistical analysis

Data analysis was performed using SPSS 
software (version 27.0 for Windows; IBM Corp., 
Armonk, NY, USA). Descriptive statistics were 
presented as mean ± standard deviation for 
continuous variables and as frequencies and 
percentages for categorical variables. Chi-
squared and Fisher’s exact tests were used 
for categorical variables. Pearson correlation 
analyses were conducted to assess the rela-
tionships between hypostasis, clotting in the 
pulmonary arteries, and intravascular gas in 
organs. Independent samples t-tests were 

used to compare continuous variables. A P 
value <0.05 was considered statistically sig-
nificant. An inter-observer reliability analysis 
with the Kappa statistic was performed to 
determine consistency among radiologists. 
Inter-observer agreement was categorized 
as follows: 0–0.20, slight; 0.21–0.40, moder-
ate; 0.41–0.60, fair; 0.61–0.80, substantial; 
and 0.81–1.00, almost perfect.

Results
In the study group, 50 individuals (67.6%) 

died due to penetrating injuries caused by 
firearms or sharp objects, 14 (18.9%) due 
to blunt trauma or battery, 2 (2.7%) due to 
hanging or strangulation, and 8 (10.8%) 
from natural or medical causes. The PMIs of 
the cases in the study group were obtained 
through postmortem examination and au-
topsy findings, crime scene reports, and inci-
dent histories, and it was revealed that 35.1% 
died 0–7 hours prior to autopsy and 33.8% 
died 8–16 hours prior to autopsy.

Gas density was observed in the intracra-
nial vascular structures in 66.2% of cases and 
in the cervical spinal canal in 44.6% of cases, 
with increasing frequency correlating with 
longer PMIs. Intravascular gas in the cardiac 
chambers was present in all cases except for 
seven individuals who died within 0–7 hours, 
and its frequency increased with time after 
death. The presence of clotting in the pul-
monary arteries showed a statistically signif-
icant association with the PMI (P = 0.015). By 
contrast, there was no statistically significant 
relationship between the PMI and the pres-
ence of hypostasis in the lung parenchyma (P 
= 0.119) (Table 1).

A strong positive correlation (r: 0.720) was 
observed between intravascular gas in the 
liver and in the cardiac chambers. Further-
more, a moderate positive and statistically 
significant correlation was found between 
the PMI and the presence of intracranial in-
travascular gas, intravascular gas in the liver, 
gas in the cardiac chambers, and intravascu-
lar gas in the kidneys and aorta (Table 2).

Clots were identified in the pulmonary 
trunk and its branches in 35 cases. Clot-
ting density ranged between 20 and 108 
Hounsfield unit (HU). A statistically signifi-
cant (P = 0.001) and strong positive correla-
tion (r: 0.892) was found between pulmonary 
hypostasis and the presence of clots in the 
pulmonary arteries. The shared variance 
between these variables was calculated as 
79.6%, indicating that approximately 79.6% 
of hypostasis could be explained by the pres-
ence of pulmonary arterial clotting (Table 3).

In density measurements, lung regions 
with hypostasis showed values ranging from 
-165 to -513 HU, whereas regions without 
hypostasis showed values ranging from -507 
to -896 HU. A statistically significant and 
strong correlation was observed between 
pulmonary arterial clotting and the density 
differences between hypostatic and non-hy-
postatic lung parenchyma (r: 0.918) (Table 4). 
Interobserver reliability for detecting intra-
parenchymal and intravascular gas and pul-
monary hypostasis on PMCT was found to be 
high (κ: 0.952–0.992).

Discussion
Determining the PMI is a critical compo-

nent of criminal investigations.7,8 In the pres-
ent study, autopsy examinations together 
with law enforcement and judicial authority 
reports were used to establish the PMI. In 
our cohort, gas was observed in the heart 
in 73.1% and in the liver in 61.5% of corpses 
(n = 26) within 0–7 hours of death (r: 0.720). 
The amount of gas detected in the heart was 
greater than that in the liver. Previous studies 
have reported early intrahepatic and cardiac 
gas accumulation within the first postmor-
tem hours;9,10 our results support these find-
ings, with higher levels of gas in the heart 
than in the liver. This might be explained 
by the greater elasticity of the right cardiac 
chambers than of the liver.

In this study, hepatic gas was detected 
in 81.1% of cases, except in those with very 
short PMIs. Jackowski et al.11 reported hepat-
ic gas in 59.5% of cases, whereas Takahashi 
et al.12 reported a rate of 31.7%. Takahashi et 
al.12 also found no correlation between in-
trahepatic gas and the PMI. By contrast, our 
results demonstrate a significant correlation 
between intravascular gas in the liver, heart, 
kidneys, and aorta with the PMI. Further-
more, cardiac gas was present in all corpses 
with a PMI of 0–7 hours, whereas hepatic 
and aortic gas were consistently detected in 
corpses with PMIs of 8–16 hours or longer. 
Ishida et al.7 similarly reported that gas could 
be detected simultaneously in the liver, kid-
neys, spleen, and pancreas; in this study, 
gases in these organs also appeared approx-
imately simultaneously.

Egger et al.13 reported venous collapse in 
61.9% and arterial collapse in 33.1% of the 
118 PMCT images with PMIs of 3 hours to 12 
days and also found a negative correlation 
between venous collapse and age. In this 
study, gas was absent in the aorta in 52.7% 
of cases; however, it was present in the aorta 
of all corpses with PMIs longer than 48 hours. 

Figure 2. Intravascular gas (arrow) on non-contrast 
axial postmortem brain computed tomography.
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Cartocci et al.14 evaluated 41 corpses with 
PMIs ranging from 4 to 930 days, correlating 
external decomposition with the radiological 
alteration index (RAI) on PMCT. They found 
that gas above grade 2 in the heart, liver, 
and major vessels was associated with an RAI 
score > 61, which corresponded to moder-
ate-to-severe putrefaction. Additionally, 54% 
of cases demonstrated more than 50% intra-
cranial gas.14 In another study of 159 PMCTs, 
intracranial gas was identified in 62 corpses, 
and 40.2% of these cases were reported as 
having intravascular gas.15 In this study, we 
did not grade the extent of intracranial intra-
vascular gas. However, we observed gas in 
intracranial vessels in 34.6% of corpses with a 
PMI of 0–7 hours and in all corpses with PMIs 
greater than 48 hours.

The most common pulmonary finding 
on PMCT is hypostasis, which develops as 
a result of the loss of tone in the respirato-
ry muscles and diaphragm after death. The 
expiratory position of the diaphragm in the 
postmortem period further contributes to 
attenuation differences in the basal lung 
regions.16 In this study, we evaluated the re-
lationship between hypostasis detected on 
PMCT and the PMI. Hypostasis was observed 
in 47.3% of our study group but was absent 
in corpses with a PMI exceeding 72 hours.

Jackowski et al.11 reported hypostasis 
in 79.5% of cases on PMCT and magnetic 

resonance imaging (MRI). In a study by Tu-
manova et al.,4 MRI examinations of 62 new-
borns and infants with PMIs of 0–72 hours 
were assessed. The PMIs were stratified, and 
hypostasis was compared with the PMI ac-
cording to MR signal gradient differences. 
Hypostasis-related MR signal changes were 
detected in 57.1% of cases at 0–6 hours and 
33% at 6–12 hours, with the strongest signal 
gradient consistent with hypostasis detected 
in 75% of cases at 18–24 hours.4 Similarly, 
Kinoshita et al.5 evaluated four pigs at hourly 
intervals for 24 hours postmortem. Based on 
density measurements from the dorsal and 
ventral lung regions, attenuation differences 
began to appear in the dorsal regions at hour 
8 and continued to increase until 24 hours. 
Although significant differences were noted 
between baseline and later measurements, 
no significant changes were observed be-
tween 8 and 24 hours.5 In this study, hyposta-
sis was observed with increasing frequency 
up to 48 hours and in corpses with a PMI of 
48–72 hours.

Matsuyama et al.17 evaluated antemortem 
and postmortem lung CT images in nine rats 
scanned in the prone position. They reported 
a transient decrease in lung volume with a 
temporary increase in tracheal and bronchial 
volumes. Pulmonary congestion and consol-
idations were identified at 48 hours post-
mortem, although interstitial parenchymal 

Figure 4. Gas in the cardiac chambers on non-contrast axial postmortem thoracic computed tomography, shown as (a) grade 1, (b) grade 2, and (c) grade 3.

a b c

Figure 5.  Increased attenuation in the dependent 
portions of both lungs on non-contrast axial 
postmortem thoracic computed tomography, 
consistent with hypostasis. Density measurements 
were obtained using a region of interest of 500–600 
mm² from lung parenchyma with and without 
hypostasis. HU, Hounsfield unit.

Figure 6. Hyperdense clotting in the pulmonary 
trunk and lobar pulmonary arteries on non-contrast 
axial postmortem thoracic computed tomography 
(arrow).

Figure 3. Intraparenchymal gas in the liver on non-contrast axial postmortem abdominal computed tomography, shown as (a) grade 1, (b) grade 2, and (c) grade 3.

a b c
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Table 1. Relationship between the postmortem interval and gas detected in organs, lung hypostasis, and pulmonary artery clotting on 
postmortem computed tomography
Postmortem computed 
tomography 

Postmortem interval

0–7 hours 8–16 hours 17–48 hours 48–72 hours 73–120 hours > 120 hours P

Intravascular gas in 
the cranium

Negative 17 (23%) 5 (6.8%) 3 (4.1%) 0 0 0 25 (33.8%)
0.002

Positive 9 (12.2%) 20 (27%) 12 (16.2%) 4 (5.4%) 1 (1.4%) 3 (4.1%) 49 (66.2%)

Intracardiac gas 

Absent 7 (9.5%) 0 0 0 0 0 7 (9.5%)

0.000
Grade 1 13 (17.6%) 5 (6.8%) 3 (4.1%) 0 (0%) 0 (0%) 0 21 (28.4%)

Grade 2 6 (8.1%) 13 (17.6%) 6 (8.1%) 0 0 0 25 (33.8%)

Grade 3 0 7 (9.5%) 6 (8.1%) 4 (5.4%) 1 (1.4%) 3 (4.1%) 21 (28.4%)

Intravascular gas in 
the liver

Absent 10 (13.5%) 4 (5.4%) 0 0 0 0 14 (18.9%)

0.000
Grade 1 10 (13.5%) 5 (6.8%) 3 (4.1%) 0 0 0 18 (24.3%)

Grade 2 5 (6.8%) 15 (20.3%) 11 (14.9%) 1 (1.4%) 0 0 32 (43.2%)

Grade 3 1 (1.4%) 1 (1.4%) 1 (1.4%) 3 (4.1%) 1 (1.4%) 3 (4.1%) 10 (13.5%)

Intravascular gas in 
the aorta

Absent 21 (28.4%) 12 (16.2%) 6 (8.1%) 0 0 0 39 (52.7%)

0.000
Grade 1 4 (5.4%) 4 (5.4%) 4 (5.4%) 0 0 0 12 (16.2%)

Grade 2 0 3 (4.1%) 1 (1.4%) 0 0 0 4 (5.4%)

Grade 3 1 (1.4%) 6 (8.1%) 4 (5.4%) 4 (5.4%) 1 (1.4%) 3 (4.1%) 19 (25.7%)

Intravascular gas in 
the kidney

Absent 24 (32.4%) 18 (24.3%) 8 (10.8%) 2 (2.7%) 0 0 52 (70.3%)

0.000
Grade 1 1 (1.4%) 5 (6.8%) 4 (5.4%) 0 0 0 10 (13.5%)

Grade 2 1 (1.4%) 2 (2.7%) 2 (2.7%) 0 0 0 5 (6.8%)

Grade 3 0 0 1 (1.4%) 2 (2.7%) 1 (1.4%) 3 (4.1%) 7 (9.5%)

Clotting in the 
pulmonary artery

Negative 8 (10.8%) 18 (24.3%) 6 (8.1%) 3 (4.1%) 1 (1.4%) 3 (4.1%) 39 (52.7%)
0.015

Positive 18 (24.3%) 7 (9.5%) 9 (12.2%) 1 (1.4%) 0 0 35 (47.3%)

Hypostasis
Negative 10 (13.5%) 16 (21.6%) 6 (8.1%) 3 (4.1%) 1 (1.4%) 3 (4.1%) 39 (52.7%)

0.119Positive 16 (21.6%) 9 (12.2%) 9 (12.2%) 1 (1.4%) 0 0 35 (47.3%)

Total 26 (35.1%) 25 (33.8%) 15 (20.3%) 4 (5.4%) 1 (1.4%) 3 (4.1%) 74 (100%)

Table 2. Correlation analysis between gas detected in organs and the postmortem interval on postmortem computed tomography 
Postmortem 

interval
Intravascular 

gas in the 
cranium

Intravascular 
gas in the liver

Intravascular 
gas in the 

kidney

Intracardiac 
gas

Intravascular gas in the 
aorta

Postmortem interval
Pearson r 1 0.419 0.624 0.658 0.636 0.585

P 0.000 0.000 0.000 0.000 0.000

Intravascular gas in the 
cranium

Pearson r 1 0.477 0.318 0.607 0.429

P 0.000 0.006 0.000 0.000

Intravascular gas in the liver
Pearson r 1 0.599 0.720 0.568

P 0.000 0.000 0.000

Intravascular gas in the 
kidney

Pearson r 1 0.505 0.638

P 0.000 0.000

Intracardiac gas
Pearson r 1 0.621

P 0.000

Table 3. Relationship between the presence of pulmonary arterial clotting and lung hypostasis on postmortem computed tomography 

Clotting in the pulmonary artery

Positive Negative

Hypostasis
Positive 37 (50%) 2 (2.7%)

Negative 2 (2.7%) 33 (44.6%)

Total 39 (52.7%) 35 (47.3%)

P P = 0.001

Hypostasis

Clotting in the pulmonary artery

Pearson r 0.892

P 0.001

n 74
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changes could not be assessed due to the 
small lung volume.17 Although we did not as-
sess the trachea and bronchi morphological-
ly in this study, we observed that hypostasis 
increased particularly in corpses with PMIs of 
0–72 hours.

Pulmonary clotting is seen on CT as hyper-
dense intraluminal clots without fluid–fluid 
levels.18,19 In our cohort, clots were detected 
in 35 cases within the pulmonary trunk or its 
branches. A statistically significant (P = 0.001) 
and strong positive correlation (r: 0.892) was 
found between hypostasis and the presence 
of pulmonary arterial clotting. No signs of hy-
postasis were observed in corpses with col-
lapsed pulmonary arteries or intravascular 
gas in the pulmonary arteries. Accordingly, 
we suggest that pulmonary hypostasis may 
develop as a consequence of clotting or sedi-
mentation within the pulmonary arteries.

This study has several limitations. First, 
the number of cases included was relatively 
small. Accordingly, no significant relation-
ship was found between hypostasis and the 
PMI in this study. We believe that a larger 
sample size might reveal a statistically sig-
nificant difference regarding hypostasis. 
Second, the PMI was estimated based on au-
topsy findings and law enforcement reports, 
which may introduce bias. Third, external fac-
tors such as environmental conditions (e.g., 
hot and humid weather during summer) and 
the time taken for corpses to be transported 
from the field to CT and autopsy may have af-
fected the PMI. High ambient temperatures 
during the summer accelerate the decom-
position process, and in this study, the PMI 
values of bodies found in this period were 
relatively short. The forensic cause of death 
and positional changes occurring during the 
postmortem period may also influence the 
development of hypostasis. Therefore, in this 
study, particular attention was paid to ensur-
ing complete body integrity and that all bod-
ies were found in the supine position. Final-
ly, information regarding chronic diseases, 

sepsis, or infections in the study group was 
unavailable.

In conclusion, on PMCT, decomposi-
tion-related gas can be detected in solid 
organs, particularly in the liver and heart, 
as early as within 48 hours postmortem. A 
moderate correlation exists between gas 
detected on PMCT and the PMI. Additionally, 
a strong correlation was observed between 
clotting or sedimentation in the pulmonary 
arteries and pulmonary hypostasis on PMCT. 

Footnotes
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Dear Editor,

I read with great interest the article entitled “Bibliometric analysis of radiology residency 
theses in Türkiye: publication metrics and trends” by Salbas and Koc1, published in Diagnos-
tic and Interventional Radiology. This comprehensive bibliometric analysis makes a valuable 
contribution to the field by elucidating the potential of radiology residency theses in Türkiye 
to be transformed into academic publications and by identifying factors that influence this 
process.

Among the study’s findings, one observation that particularly drew my attention and mer-
its deeper academic discussion is that publications in which the first author was not a resi-
dent were more frequently published in Science Citation Index – Expanded indexed journals 
(50.8% vs. 74.7%), received a higher number of citations (2 vs. 17), and had a shorter time to 
publication (1,430 vs. 916 days). As the authors also imply, this finding may initially be attribut-
ed to the greater experience of mentors in academic writing, journal selection, and navigation 
of the publication process.

Consistent with these findings, the literature has reported strong associations between 
experienced mentorship and successful scholarly output. For example, in postgraduate year 
one research projects, the presence of mentors with at least one first-author publication was 
associated with a significantly higher rate of full-text publication than with projects lacking 
such mentorship (50.0% vs. 8.6%, P < 0.001).2 This finding underscores the importance of con-
ceptualizing mentorship not merely as a product-oriented endeavor but as an educational 
process. Furthermore, the involvement of mentors or senior research collaborators has been 
shown to increase the likelihood that resident research projects progress to publication.3 Con-
versely, insufficient mentorship during the research process has been associated with inade-
quate academic skill development and the emergence of substantial barriers throughout the 
publication process.4

However, interpreting this result solely through the lens of experience may risk overlook-
ing an important opportunity with respect to one of the core objectives of residency train-
ing: the cultivation of independent researchers. An ideal mentorship relationship should not 
merely involve the supervisor using their experience to expedite publication but should also 
encompass the transfer of this experience to the resident, thereby fostering their develop-
ment as a competent researcher. The residency thesis represents the most critical practical 
training through which a resident experiences the entire scientific research process from con-
ception to completion. Assuming first authorship of the resulting manuscript constitutes one 
of the most essential components of this educational process.

This finding invites a broader discussion regarding the ethical and educational dimensions 
of mentorship in residency training. In this context, it is important to distinguish between 
productivity-oriented mentorship, which prioritizes rapid publication and journal impact, 
and educational or guided mentorship, which emphasizes resident-led authorship, skill ac-
quisition in scientific writing, data interpretation, and independent scholarly development.5,6 
Although the former may optimize short-term bibliometric outcomes, the latter aligns more 
closely with the core educational mission of residency training. Similarly, a study examining 
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the publication profiles of dermatology res-
idency graduates demonstrated that the 
total number of publications, the number of 
first-author publications during residency, 
and h-index values were positively associ-
ated with graduates’ propensity to pursue 
academic medicine and with indicators of 
long-term scholarly productivity.7 In partic-
ular, graduates who chose academic career 
paths had significantly higher numbers of 
both total publications and first-author pub-
lications during residency, suggesting that 
first authorship may serve as a marker of sus-
tained scientific productivity throughout an 
academic career.

The residency thesis represents the most 
comprehensive opportunity for trainees to 
experience the full scientific process, from 
research design to manuscript submission 
and revision. First authorship of the resulting 
publication is a critical educational milestone 
within this process. Therefore, the systemati-
cally lower performance of resident-first-au-
thored publications observed in the study 
may reflect not only differences in experi-
ence but also a potential gap in structured 
mentorship and academic training. If su-
pervisors assume primary responsibility for 
manuscript writing to accelerate acceptance 
or improve journal ranking, residents may be 
inadvertently deprived of essential opportu-
nities to develop writing proficiency, journal 
selection skills, and confidence in respond-
ing to peer review. 

From this perspective, the findings re-
ported by Salbas and Koc1 extend beyond 
bibliometric description and prompt re-
flection on how mentorship practices are 
structured within training institutions. To 
address this issue, several practical strate-
gies may be considered: (i) implementation 
of structured writing mentorship programs 
in which supervisors provide feedback on 
resident-drafted manuscripts; (ii) allocation 
of writing time during the final year of resi-
dency; and (iii) explicit institutional expecta-
tions favoring resident-led first authorship, 
when appropriate. Such measures may help 
balance publication quality with the educa-
tional objectives of residency training. Ul-
timately, the goal should not be limited to 
maximizing publication metrics but should 
also include the cultivation of independent 
physicians equipped with strong scientific 
reasoning and academic writing skills. Fu-
ture bibliometric studies incorporating qual-
itative assessments of mentorship practices 
may further clarify the distinction between 
productive supervision and genuine educa-
tional mentorship.

I would like to express once again my 
appreciation to the authors for their work 
addressing an important issue in radiology 
residency training.
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Dear Editor,

We would like to thank the author for the thoughtful and constructive letter regarding our 
article and for highlighting the important educational and ethical dimensions of mentorship 
in residency training.1,2 We agree that mentorship should be viewed not only as a means to 
improve publication outcomes but also as a central component of scientific training and pro-
fessional development for residents.

The author appropriately emphasizes the educational value of resident-led authorship and 
the role of structured mentorship in fostering independent researchers. We fully acknowl-
edge that first authorship represents an important learning milestone and that effective men-
torship should aim to transfer academic skills rather than merely accelerate publication.

At the same time, we believe that our findings should be interpreted with caution, partic-
ularly with respect to the underlying reasons for first-authorship patterns. Our bibliometric 
design allowed us to identify the first author and publication outcomes, but it did not permit 
us to determine why the first author was not the resident in certain cases. Several factors may 
contribute to this observation, including loss of interest after graduation, time constraints, 
relocation to other institutions, or expansion of the original thesis into a broader collabora-
tive project. Therefore, these differences are likely multifactorial and should be interpreted 
cautiously.

An additional aspect that deserves consideration is the substantial proportion of theses 
that were never converted into publications. In our cohort, 62.9% of radiology residency the-
ses remained unpublished.2 This finding indicates that a large amount of scientific data gen-
erated during residency training does not reach the academic literature. In this context, the 
active involvement of supervisors may sometimes reflect an effort to ensure that valuable 
clinical and research data are incorporated into the scientific literature. 

The goal of training independent researchers, as emphasized by the author, represents a 
cornerstone of residency education. The process of converting a residency thesis into a pub-
lication provides an important opportunity for acquiring these skills. However, the successful 
completion of this process is inherently bidirectional and requires both effective mentorship 
and sufficient academic motivation on the part of the resident. In this regard, institutional 
strategies that encourage resident engagement, provide dedicated time for research and 
manuscript preparation, and support structured mentorship may be particularly beneficial. 
Moreover, the recent increase in radiology residency positions in Türkiye may place additional 
demands on existing faculty resources, which could further challenge individualized men-
torship.3 Strengthening institutional support and mentoring frameworks may therefore help 
sustain both educational quality and academic productivity.

Finally, we share the author’s view that future studies incorporating qualitative assess-
ments of mentorship practices would provide valuable insight into how different supervisory 
models influence both publication outcomes and long-term academic development.

We sincerely thank the author for contributing to this meaningful discussion and for ex-
tending the impact of our work beyond bibliometric description alone.
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Dear Editor,

We read with great interest the article by Öztürk and Karabıyık1 on radiologists’ preferenc-
es in managing risk factors associated with contrast media. The study addresses a relevant 
question for the safety of radiological practice and provides valuable initial data.1 It also con-
tributes to a very essential question of interprofessional and inter-specialty dynamics, with 
insights that the reader can apply to any institution. However, we believe that certain inter-
pretations, given the descriptive nature of the study, should be considered cautiously.

First, a modified version of the Control Preferences Scale (CPS), an excellent tool used for 
decades across the world, was used, yet the reader is left wondering if the adaptation was 
tested or, alternatively, if the validity of the translation (if it was translated) was assessed. With-
out evidence that the modified scale measures the same construct as the original, compara-
tive interpretation and generalizability remain limited.

Second, 6 of the 50 interviews (12%) were excluded due to “invalid permutations”1 with-
out describing the characteristics of the excluded participants. Although some permutations 
may appear to be, to a certain extent, incoherent, the reader is left curious as to why a given 
specialist may have chosen such a combination, even if the end result remains their prudent 
exclusion. Furthermore, face-to-face administration by a single interviewer increases the risk 
of social desirability bias and interviewer influence.

An important aspect that is not mentioned in the article is the cultural dimension. There 
are negative stereotypes about all specialties, repeated since one’s days as a medical student 
by both peers and instructors, that help create dynamics of incivility between specialties or 
even between individual physicians.2,3 We are left wondering if there is a social dimension 
behind the lack of a desire for an active role that the paper illustrates, such as whether ra-
diologists perceive themselves as having outside decision-making roles generally, or if more 
personal dynamics could not be generalized.

We suggest that future revisions consider tempering causal interpretations, reporting the 
psychometric properties of the adapted CPS version, elaborating on the excluded partici-
pants, and considering the cultural aspects possibly involved. These nuances would strength-
en the study’s usefulness for healthcare managers and planners.
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H E A D  A N D  N E C K  I M A G I N G
O R I G I N A L  A R T I C L E

Semicircular canal aplasia: radiologic spectrum and clinical correlations 
on computed tomography and magnetic resonance imaging

PURPOSE
This study aimed to characterize the imaging patterns of semicircular canal (SCC) aplasia on 
high-resolution computed tomography (CT) and magnetic resonance imaging (MRI) to identify as-
sociated cochleovestibular and internal auditory canal (IAC) abnormalities and to explore potential 
syndromic correlations.

METHODS
We retrospectively evaluated 12 patients (24 ears) diagnosed with SCC aplasia between January 
2021 and January 2025. Imaging findings were reviewed for canal type, cochlear and vestibular ab-
normalities, vestibular aqueduct morphology, and IAC configuration. Syndromic associations and 
clinical outcomes were also assessed.

RESULTS
Lateral SCC aplasia was most common (41.7%), followed by budding remnants (12.5%) and total 
aplasia (12.5%). Total aplasia consistently coexisted with vestibular hypoplasia (P = 0.020) and was 
frequently accompanied by narrowing of the IAC (P = 0.04). Cochlear hypoplasia was found in one 
patient with bilateral total aplasia. Sensorineural hearing loss was present in 75% of patients, and 
caloric testing revealed subclinical vestibular dysfunction in two clinically asymptomatic adults. 
Syndromic associations included two cases of DiGeorge syndrome and a newly identified coexis-
tence with Gitelman syndrome.

CONCLUSION
SCC aplasia encompasses a spectrum of rare anomalies, most commonly affecting the lateral ca-
nal and closely related to vestibular dysplasia. Recognition of IAC narrowing is important, as it can 
complicate cochlear implantation. The identification of Gitelman syndrome as a new association 
expands the spectrum of systemic diseases associated with SCC abnormalities. Comprehensive im-
aging with both CT and MRI is essential not only for diagnosis but also for surgical planning and 
syndromic screening.

CLINICAL SIGNIFICANCE
Systematic assessment of the IAC and vestibular structures on CT and MRI is essential in patients 
with congenital hearing loss. Recognizing IAC narrowing and vestibular dysplasia aids in preopera-
tive cochlear implant planning and supports targeted syndromic or genetic evaluation.

KEYWORDS
Aplasia, cochlear implantation, computed tomography, internal auditory canal, magnetic reso-
nance imaging, semicircular canal

You may cite this article as: Başpınar N, Atalar M, Aktı S, Bora A. Semicircular canal aplasia: radiologic spectrum and clinical correlations on computed 
tomography and magnetic resonance imaging. Diagn Interv Radiol. 2026;32(6):800-807.

Semicircular canal (SCC) anomalies are rare congenital inner ear malformations that may 
present as part of syndromic entities such as CHARGE, DiGeorge, or Goldenhar syn-
dromes, and they can occur in isolation. Although some patients may exhibit senso-

rineural hearing loss and vestibular dysfunction, others remain asymptomatic. Among SCC 
malformations, including aplasia and hypoplasia, lateral SCC (LSCC) aplasia is the most com-
monly reported type.1-7
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Inner ear development begins in the 6th 
week of gestation. The pars superior, com-
prising the utricle and SCCs, forms earlier 
than the cochlea and saccule of the pars infe-
rior. Therefore, developmental disturbances 
affecting the pars superior may also influ-
ence the cochlea and vestibule. Embryolog-
ically, the superior SCC (SSCC) is the first to 
form, followed by the posterior SCC (PSCC), 
whereas the LSCC is the last to develop, mak-
ing it more susceptible to isolated aplasia. Al-
though SCC dysplasia is often accompanied 
by cochlear malformations, several reports 
have documented normal cochlear morphol-
ogy in isolated LSCC aplasia.7-9

Imaging with computed tomography (CT) 
and magnetic resonance imaging (MRI) is 
critical for the evaluation of these anomalies. 
Although CT provides superior detail of os-
seous structures, MRI offers high-resolution 
visualization of the membranous labyrinth 
and associated neural structures.6,8

This study aimed to evaluate CT and MRI 
findings in patients with SCC aplasia, assess 
associated cochlear and vestibular abnor-
malities, and investigate possible syndromic 
relationships. Previous studies have often fo-
cused on isolated LSCC aplasia or syndromic 
malformations but have lacked combined 
CT–MRI correlation. This study addresses 
existing gaps in the literature by integrating 
high-resolution CT and MRI findings, system-
atically evaluating narrowing of the internal 
auditory canal (IAC) as a radiologic marker, 
and reporting a newly identified syndromic 
association with Gitelman syndrome.

Methods

Study design and population

This retrospective study was conducted 
between January 2021 and January 2025 at 
a tertiary care university hospital. Patients 
who presented with hearing loss, dizziness, 
or balance disorders and were radiologically 
diagnosed with SCC aplasia by either CT or 
MRI were included. Of the 13 patients initial-
ly identified, 1 was excluded because motion 
artifacts significantly affected image quality, 
leaving 12 patients for final analysis. All pa-
tients with SCC aplasia diagnosed during the 
study period were included, regardless of re-
ferral indication, to minimize selection bias. 
However, some patients were assessed in the 
context of possible cochlear implantation, 
which may have influenced referral patterns. 
Vestibular testing was not performed uni-
formly in all patients because of differences 
in clinical presentation and patient cooper-
ation, particularly among children. In adult 
patients who were able to cooperate, caloric 
testing was performed as part of the routine 
otoneurological evaluation. This limitation 
was mainly due to age- and cooperation-re-
lated constraints in pediatric patients. The 
patient flowchart of the study is shown in 
Figure 1.

Imaging protocols

High-resolution CT scans were performed 
using a 128-slice multidetector scanner (GE 
Revolution EVO, Milwaukee, WI, USA). The 
imaging parameters were standardized as 
follows: 0.625-mm collimation, 0.375 pitch, 
0.625-mm section thickness, 140 kVp (80 kVp 
for pediatric patients), 400 mAs (150 mAs for 

pediatric patients), and a 199-mm field of 
view.	

MRI examinations were acquired using a 
1.5-Tesla scanner (Magnetom Aera, Siemens 
Healthineers, Erlangen, Germany) with 20- 
and 64-channel head coils. The imaging pro-
tocol included axial T2-weighted fast spin–
echo sequences [repetition time (TR): 5,136 
ms, echo time (TE): 96 ms, slice thickness: 5 
mm], T1-weighted volumetric interpolated 
breath-hold examination with fat saturation 
(TR: 18 ms, TE: 3.69 ms, slice thickness: 1 
mm), three-dimensional T2-weighted sam-
pling perfection with application-optimized 
contrasts using different flip-angle evolution 
sequences (TR: 1,200 ms, TE: 183 ms, slice 
thickness: 0.58 mm), and diffusion-weighted 
imaging (TR: 5,800 ms, TE: 98 ms, slice thick-
ness: 5 mm, b values of 0 and 1,000 s/mm²).

Image evaluation

All imaging studies were retrospectively 
reviewed by two experienced neuroradiolo-
gists, one with 14 years and the other with 
9 years of experience. In cases of discrepan-
cy, consensus was reached through consul-
tation with a senior neuroradiologist with 
more than 15 years of experience. High-reso-
lution temporal bone CT scans were assessed 
in axial and coronal planes. The following 
structures were systematically evaluated in 
both ears of all patients: presence or absence 
of the LSCC, PSCC, and SSCC; cochlear mor-
phology, categorized as normal or hypoplas-
tic; vestibule morphology, defined as nor-
mal, hypoplastic, or enlarged/dysmorphic; 
integrity of the round and oval windows; 
presence or absence of the vestibular aque-
duct; and IAC diameter, measured in the axial 

Main points

•	 Lateral semicircular canal (SCC) aplasia is the 
most common anomaly, often presenting 
with vestibular dysplasia.

•	 Total SCC aplasia always coexists with ves-
tibular hypoplasia, highlighting embryolog-
ic timing.

•	 Narrowing of the internal auditory canal is 
a key radiologic marker with surgical impli-
cations.

•	 The newly identified association with Gitel-
man syndrome expands the known syn-
dromic spectrum.

•	 Computed tomography and magnetic res-
onance imaging offer complementary in-
sights essential for diagnosis and preopera-
tive mapping. Figure 1. Study flow diagram. CT, computed tomography; MRI, magnetic resonance imaging; SCC, 

semicircular canal; LSCC, lateral semicircular canal.
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plane and classified as narrow if ≤ 2.0 mm. 
The measurement was performed at the 
mid-porus level of the IAC on axial images, 
perpendicular to the canal axis, using stan-
dardized bone window settings to ensure re-
producibility. SCC aplasia was defined as the 
complete absence of the canal, with or with-
out a rudimentary bud. Bud-like remnants 
were also categorized as aplasia, consistent 
with the literature. This approach aligns with 
embryology-based classifications of inner 
ear malformations, in which rudimentary or 
bud-like IAC structures are considered aplas-
tic variants rather than true hypoplasia.1,5,8

Statistical analysis

All statistical analyses were performed 
using SPSS version 26.0 (IBM Corp., Armonk, 
NY, USA). Descriptive data are presented as 
mean ± standard deviation for continuous 
variables and as counts and percentages for 
categorical variables. Group comparisons 
were conducted using chi-square or Fisher’s 
exact tests for categorical variables and in-
dependent-samples t-tests for continuous 
variables. Due to the limited sample size, 
nonparametric comparisons were preferred. 
A P value of <0.05 was considered statistical-
ly significant.

Ethics

This study was conducted in accordance 
with the ethical standards of the Declaration 
of Helsinki. The Ethics Committee of Sivas 
Cumhuriyet University approved the study 
(approval number: 2025-04/127, date: April 
24, 2025).

Results 
Twelve patients, seven men and five 

women, with a mean age of 23.3 ± 23.0 years 
(range: 2–66 years), were included in the 
analysis. A total of 24 ears were examined. 
Isolated aplasia of the LSCC was the most 
common anomaly, affecting 10 ears (41.7%) 
(Figure 2). Bilateral LSCC aplasia was identi-
fied in two patients, whereas bud-like LSCC 
remnants were present in three ears, two of 
which were in the same individual (Figure 3). 
Complete aplasia of all three IACs was ob-
served in three ears, including one patient 
with bilateral involvement.

All cases of total SCC aplasia were asso-
ciated with vestibular hypoplasia, and this 
association was statistically significant (P = 
0.02). In most patients with LSCC aplasia, the 
vestibule was enlarged or dysmorphic, and 
the absence of the LSCC bony island was a 
consistent imaging feature (Figure 4). Multi-

structural involvement was more common in 
cases of total SCC aplasia, where vestibular 
and cochlear anomalies often coexisted (Fig-
ure 5). Representative CT and MRI images of 

different SCC aplasia patterns are illustrated 
in Figures 6 and 7.

Figure 2. Distribution of semicircular canal anomalies. SCC, semicircular canal.

Figure 3. Combinations of semicircular canal anomalies. SCC, semicircular canal; LSCC, lateral semicircular 
canal; PSCC, posterior  semicircular canal.

Figure 4. Distribution of inner ear findings. IAC, internal auditory canal. 
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Narrowing of the IAC, defined as a diam-
eter of ≤ 2.0 mm, was detected in patients 
with bilateral total SCC aplasia and in some 
with bud-like remnants. Statistical analysis 
demonstrated a significant relationship be-
tween SCC aplasia and IAC narrowing (P = 
0.04). This finding underscores the relevance 
of IAC caliber assessment during preoper-
ative evaluation. The vestibular aqueduct 
was identified in 6 of the 10 ears with LSCC 
aplasia, without evidence of enlargement. A 
summarized overview of radiologic patterns, 
associated inner ear anomalies, IAC findings, 
and clinical characteristics is provided in Ta-
ble 1. The distribution of anomalies involving 
the SCCs, cochlea, vestibule, oval and round 
windows, and IAC measurements is summa-
rized in Table 2. Overall, radiologic findings 
demonstrated a continuum from isolated 
LSCC aplasia to total labyrinthine dysplasia, 
reflecting embryologic severity. Given the 
limited sample size and small subgroup dis-
tributions, categorical variables were com-
pared using Fisher’s exact test.

Syndromic associations were document-
ed in three patients. One patient with bilat-
eral SCC aplasia had Gitelman syndrome, 
representing the first reported case of this 
coexistence in the literature. Two additional 
patients with LSCC aplasia were diagnosed 
with DiGeorge syndrome. Sensorineural 
hearing loss was observed in 9 of 12 patients 
(75%). Caloric testing, available in two adult 
patients, revealed unilateral canal paresis de-
spite the absence of overt vestibular symp-
toms. Vertigo was less frequently reported 
in adults, although caloric testing revealed 
canal paresis in two cases, suggesting that 
vestibular dysfunction may remain clinically 
silent in some individuals.

Discussion
SCC aplasia and hypoplasia represent a 

broad spectrum of congenital inner ear mal-
formations. In our series, LSCC aplasia was 
the most common anomaly, reflecting em-
bryologic susceptibility due to its later de-
velopment.1,5 Interruption of development 
at earlier stages resulted in more extensive 
anomalies affecting the cochlea and vesti-
bule, consistent with embryologic princi-
ples.6,7

In our cohort, LSCC aplasia was predom-
inant, consistent with its later embryologic 
development and increased vulnerability to 
isolated developmental arrest. Earlier disrup-
tion of the pars superior resulted in more ex-
tensive malformations, explaining the con-

sistent association between total SCC aplasia 
and vestibular hypoplasia. This developmen-
tal continuum was previously described by 
Sennaroğlu and Bajin8 who emphasized that 
the timing of embryonic disruption deter-
mines the extent of associated anomalies. 
In our cohort, one patient with bilateral to-
tal SCC aplasia also demonstrated cochlear 
hypoplasia, providing further evidence that 
early developmental arrest produces more 
severe and combined anomalies.

Radiologically, the most reliable mark-
ers of SCC aplasia in our study were an en-
larged or dysmorphic vestibule, absence of 
the LSCC bony island, and narrowing of the 
IAC. Previous reports have suggested that 
IAC narrowing may coexist with labyrin-
thine malformations and may even predict 
cochlear nerve deficiency.9 In our series, IAC 
narrowing was significantly more common 
in patients with total SCC aplasia or bud-like 
remnants, indicating that evaluation of IAC 
caliber should be an integral part of imaging 

Figure 5. Frequency of multistructural involvement. IAC, internal auditory canal; VA, vestibular aqueduct.

Figure 6. A 2-year-old girl with complete aplasia of the bilateral semicircular canals. (a, b) Non-contrast-
enhanced axial temporal high-resolution computed tomography images show bilateral cochlear hypoplasia 
(dotted arrows) and hypoplastic vestibules (arrows). (c, d) The bilateral internal auditory canals are 2 mm 
below the lower threshold.

a

c

b

d
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assessment in suspected SCC malformations. 
From a surgical perspective, these structural 
variations have direct relevance to cochlear 
implantation outcomes. This finding has im-
portant implications for preoperative plan-
ning in candidates for cochlear implantation, 
where cochlear nerve integrity must be es-
tablished before surgery.10

Previous studies have reported associ-
ations between SCC aplasia and Kallmann 
syndrome, CHARGE syndrome, and chromo-
somal abnormalities.11 A notable feature of 
our cohort was the presence of syndromic 
associations in a quarter of the patients. Be-
yond classical syndromes such as CHARGE 
and DiGeorge, our study identified a previ-
ously unreported association. The coexis-
tence of bilateral SCC aplasia with Gitelman 
syndrome is, to our knowledge, the first re-
port of its kind in the literature. Although 
Gitelman syndrome is primarily a disorder 
of the renal tubules caused by mutations 
in the SLC12A3 gene, experimental studies 
have demonstrated the expression of sodi-
um–chloride cotransporters in the endolym-
phatic sac, suggesting a possible mechanism 
linking electrolyte imbalance to vestibular 
morphogenesis.12 This observation broadens 
the spectrum of syndromes associated with 
SCC abnormalities. In addition, two patients 
with LSCC aplasia were diagnosed with Di-
George syndrome (22q11.2 deletion), which 
is consistent with previous studies reporting 
frequent ear abnormalities in this syndrome 
due to abnormal development of the pha-
ryngeal arch.13,14 This finding warrants further 
investigation, as SLC12A3 mutations in Gitel-
man syndrome may disrupt inner ear fluid 
homeostasis.

Clinically, SCC aplasia presents with di-
verse manifestations. Most patients in our se-
ries had sensorineural hearing loss, but ves-
tibular dysfunction was not always clinically 
evident. Notably, caloric testing revealed ca-
nal paresis in two adults who denied vertigo, 
suggesting the possibility of central com-
pensation for chronic congenital vestibular 
dysfunction. Although vestibular dysfunc-
tion may remain clinically silent due to cen-
tral compensation, vestibular tests such as 
caloric testing or video head impulse testing 
can reveal subclinical deficits and should be 
considered, particularly in adult patients and 
in cases of bilateral or total SCC aplasia. This 
highlights the importance of systematic ves-
tibular testing, as subtle but clinically rele-
vant deficits may otherwise be missed. Previ-
ous studies have also shown that congenital 

Table 1. Summary of radiologic and clinical findings in patients with semicircular canal 
aplasia

Parameter Number (%)

Patients (n) 12

Ears evaluated (n) 24

Type of SCC aplasia (ears)

• Isolated LSCC aplasia
• Bud-like LSCC remnants
• Total SCC aplasia

10 (41.7%)
3 (12.5%)
3 (12.5%)

Laterality

• Unilateral involvement
• Bilateral involvement

9 patients
3 patients

Associated inner ear findings

• Vestibular hypoplasia (total SCC aplasia)
• Enlarged/dysmorphic vestibule (LSCC aplasia)
• Cochlear hypoplasia

3/3 (100%)
Majority
1 patient

Internal auditory canal 

• Narrow IAC (≤ 2.0 mm) 3 patients

Clinical findings

• Sensorineural hearing loss
• Vertigo symptoms
• Abnormal caloric test (tested patients)

9/12 (75%)
Rare
2 patients

Syndromic associations

• DiGeorge syndrome
• Gitelman syndrome

2 patients
1 patient

SCC, semicircular canal; LSCC, lateral semicircular canal; IAC, internal auditory canal.

Figure 7. Three-dimensional T2-weighted SPACE magnetic resonance images in the axial plane. A 3-year-old 
boy with bilateral lateral semicircular canal (LSCC) aplasia shows bud-like structures (a, arrows) and bilateral 
narrow internal auditory canals (IACs) (b). (c) A 2-year-old girl shows a bud-like formation of the right LSCC 
(arrow) with dysplastic and hypoplastic canal structures; the IAC diameters are normal.

a

c

b



 

Başpınar et al.  • 805

vestibular deficits, even when asymptomatic, 
may contribute to delayed motor milestones 
and impaired balance in children.15

Positioning our findings within the liter-
ature (Table 3), early tomography-era work 
by Phelps13 first highlighted frequent LSCC 
dysmorphology but lacked the neural and 
membranous detail provided by modern 
cross-sectional imaging. Subsequent cochle-
ar implant center series broadened the ana-
tomic spectrum: Satar et al.12 reported high 
rates of oval window anomalies and variable 
cochlear dysplasia with syndromic enrich-
ment (predominantly CHARGE), whereas 

the CHARGE-focused cohort of Morimoto 
et al.10 quantified cochlear aperture atresia 
and frequent posterior displacement of the 
facial nerve canal. Radiologic cohorts have 
also emphasized middle ear associations 
and aberrant courses of the facial nerve ca-
nal, which are crucial for surgical planning.16 
More recent vestibular function-oriented 
LSCC cohorts linked the absence of a central 
bony island with more severe caloric paresis 
and showed that bilateral LSCC dysplasia or 
aplasia often presents with bilateral vestibu-
lar loss.14,15 Across these studies, LSCC anom-
alies consistently predominate, consistent 

with the embryologic vulnerability described 
by Jackler et al.1 and by Sennaroglu and 
Saatci.2 Our series aligns with this pattern 
but adds two practice-informing elements: 
first, a combined CT–MRI characterization 
that highlights IAC narrowing as an ancillary 
marker accompanying severe SCC malforma-
tions, and second, a novel syndromic associa-
tion with Gitelman syndrome, expanding the 
syndromic spectrum beyond CHARGE and 
22q11.2 deletion. Taken together, the com-
parative evidence supports routine scrutiny 
of the IAC and meticulous mapping of the 
facial and cochlear nerves before cochlear 

Table 2. Distribution of findings of semicircular canal, cochlea, vestibular, oval and round window, and internal auditory canal

Case
number

Age 
(year)

Gender Side Lateral SCC Posterior 
SCC

Superior 
SCC

Vestibular 
aquaduct

Oval 
window

Cochlea Round 
window

Vestibule IAC diameter 
(mm)

1 23 M
R Absent Absent Absent Absent Absent Normal Normal Hypoplastic 4.1

L Present Present Present Present Absent Normal Normal Normal 5.3

2 2 M
R Present Present Present Absent Absent Normal Normal Normal 3.2

L Absent Present Present Present Absent Normal Normal Enlarged/
dysmorphic 2.6

3 22 M
R Absent Present Present Present Absent Normal Normal Enlarged/

dysmorphic 4.3

L Absent Present Present Present Absent Normal Normal Enlarged/
dysmorphic 4.3

4 9 M
R Present Present Present Present Absent Normal Normal Normal 3.6

L Absent Present Present Present Absent Normal Normal Enlarged/
dysmorphic 3.4

5 17 F
R Present Present Present Absent Absent Normal Normal Normal 3.8

L Absent Present Present Absent Absent Normal Normal Enlarged/
dysmorphic 3.4

6 43 M
R Absent Present Present Present Absent Normal Normal Enlarged/

dysmorphic 4.7

L Absent Present Present Absent Absent Normal Normal Enlarged/
dysmorphic 4.7

7 63 F
R Absent Present Present Absent Absent Normal Normal Enlarged/

dysmorphic 3.8

L Present Present Present Absent Absent Normal Normal Normal 4.3

8 2 F
R Bud 

(rudimentary) Present Present Not 
assessed

Not 
assessed

Not 
assessed

Not 
assessed

Enlarged/
dysmorphic 5.3

L Present Present Present Not 
assessed

Not 
assessed Normal Not 

assessed Normal 5.3

9 3 M
R Bud 

(rudimentary) Present Present Present Absent Aplasia Aplasia Enlarged/
dysmorphic 1.6

L Bud 
(rudimentary) Present Present Absent Absent Normal Normal Enlarged/

dysmorphic 1.6

10 2 F
R Absent Absent Absent Absent Hypoplastic Normal Normal Hypoplastic 2.0

L Absent Absent Absent Absent Hypoplastic Aplasia Normal Hypoplastic 2.0

11 66 M
R Present Present Present Present Absent Normal Normal Normal 4.0

L Absent Present Present Present Absent Aplasia Normal Enlarged/
dysmorphic 3.6

12 28 F
R Hypoplastic Present Present Present Absent Normal Normal Normal 5.0

L Present Present Present Present Absent Normal Normal Normal 4.7

Note: Narrow IAC is defined as ≤ 2 mm. F, female; M, male; L, left; R, right; IAC, internal auditory canal; SCC, semicircular canal.
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implantation, as well as systematic syndrom-
ic screening, particularly in pediatric patients 
and those with bilateral or total SCC aplasia.

From a surgical perspective, accurate 
identification of SCC aplasia and its associat-
ed anomalies is essential for safe and effec-
tive cochlear implantation. Abnormal vestib-
ular morphology, IAC narrowing, or cochlear 
nerve hypoplasia may complicate electrode 
insertion and affect postoperative outcomes. 
Therefore, both CT and MRI are indispens-
able in the preoperative evaluation of these 
patients, providing complementary informa-
tion about osseous, membranous, and neu-
ral structures.

This study offers one of the few systemat-
ic evaluations of SCC aplasia using high-res-
olution CT and MRI, highlighting radiologic 
markers that have not been consistently em-
phasized in previous reports. Its main con-
tribution is the identification of a novel syn-
dromic association between bilateral SCC 

aplasia and Gitelman syndrome, expanding 
the spectrum of systemic diseases linked to 
these malformations. By correlating embryo-
logic timing with imaging findings, the study 
clarifies the developmental mechanisms un-
derlying cochleovestibular anomalies. The 
findings are clinically relevant, emphasizing 
IAC narrowing and vestibular hypoplasia as 
key imaging markers for surgical planning. 
The reproducibility of the results is support-
ed by standardized imaging protocols and 
independent review by experienced neu-
roradiologists. 

Nonetheless, certain limitations must be 
acknowledged. The study’s retrospective, 
single-center design and limited sample size 
restrict generalizability and preclude multi-
variate or receiver operating characteristic 
analyses. Additionally, vestibular testing and 
genetic evaluations were not consistently 
performed, especially in pediatric patients, 
which may have resulted in underestimation 
of functional deficits and syndromic associ-

ations. Despite these constraints, the study 
offers valuable insights by integrating radio-
logic and embryologic perspectives and in-
troducing a previously unreported syndrom-
ic association. 

SCC aplasia is not a single entity but a 
spectrum of malformations with varying 
embryologic timing, radiologic features, and 
clinical effects. Recognition of characteristic 
imaging findings, such as vestibular dyspla-
sia, absence of the bony LSCC island, and 
narrowing of the IAC, should alert radiolo-
gists to the possibility of SCC aplasia. Addi-
tionally, identifying syndromic associations 
highlights the importance of comprehensive 
systemic and genetic testing. Future multi-
center studies with larger patient cohorts, 
systematic vestibular testing, and genetic 
profiling will be essential to refine classifica-
tion, clarify pathogenesis, and improve clini-
cal management strategies for these rare but 
clinically significant abnormalities.

Table 3. Comparison of reported cases of semicircular canal aplasia in the literature

Author/year Number of 
patients/ears

SCC type Associated 
malformations

Syndromic 
associations

Key findings

Phelps,13 1974 34 Mostly LSCC 
aplasia/dysplasia

Limited cochlear 
anomalies Not specified First systematic description using tomography

Satar et al.,12 2003 12 LSCC aplasia, total 
SCC aplasia

Cochlear 
dysplasia, 
oval window 
anomalies

CHARGE Emphasized surgical challenges and FN 
anomalies

Morimoto et al.,10 
2006 15 (CHARGE) Absent or 

hypoplastic SCC

Cochlear aperture 
atresia, aberrant 
FN canal

CHARGE Highlighted absent SCC as radiologic marker in 
CHARGE

Shin et al.,16 2009 10 LSCC aplasia, total 
SCC aplasia

Middle ear 
anomalies, FN 
canal anomalies

Mixed CT/MR study; surgical mapping importance

Costa et al.,11 2020 8 Bilateral SCC 
malformations

Variable cochlear 
and vestibular 
findings

Mixed/
chromosomal

Reported hearing loss profiles and 
rehabilitation approaches

Azzahiri et al.,2 2023 1 case Bilateral LSCC 
aplasia

Vestibular 
enlargement/
none

Non-syndromic Rare bilateral aplasia; in some reports without 
hearing loss

Michel et al.,3 2016 1 case Isolated LSCC 
aplasia

Vestibular 
and cochlear 
dysfunction

Non-syndromic VEMP and VNG showed vestibular impairment

Parnes and 
Chernoff,4 1990 2 Bilateral SCC 

aplasia
Near-normal 
cochlea Non-syndromic Bilateral SCC aplasia with preserved cochlea

Kwak et al.,14 2020 22 LSCC aplasia/
dysplasia

Cochlea usually 
normal Non-syndromic Strong correlation between LSCC aplasia and 

caloric paresis

Yun et al.,15 2024 18 LSCC aplasia/
dysplasia

Absence of central 
bony island Non-syndromic Bilateral LSCC aplasia associated with bilateral 

vestibular loss

Present study 12

LSCC (41.7%), 
bud-like 
remnants, total 
SCC aplasia

Vestibular 
hypoplasia, 
IAC narrowing, 
cochlear 
hypoplasia (rare)

DiGeorge, 
Gitelman (novel)

First Gitelman association; IAC narrowing 
highlighted

CT, computed tomography; LSCC, lateral semicircular canal; MRI, magnetic resonance imaging; SCC, semicircular canal; IAC, internal auditory canal; PSCC, posterior  semicircular 
canal; FN, facial nerve.
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In conclusion, SCC aplasia represents a 
heterogeneous spectrum of congenital inner 
ear malformations with clinically significant 
anatomic variability. More severe forms of 
SCC aplasia are consistently associated with 
vestibular hypoplasia and narrowing of the 
IAC, reflecting their shared embryologic ori-
gin and direct relevance to surgical planning. 
Systematic evaluation of the IAC and ves-
tibular structures using both CT and MRI is 
therefore essential, particularly in candidates 
for cochlear implantation. Finally, the identi-
fication of a novel association with Gitelman 
syndrome underscores the importance of 
comprehensive syndromic assessment in pa-
tients with SCC anomalies.
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H E A D  A N D  N E C K  I M A G I N G
L E T T E R  T O  T H E  E D I T O R

Reply:  Letter to Editor: Dual-energy computed tomography-based 
volumetric thyroid iodine quantification: correlation with thyroid 
hormonal status, pathologic diagnosis, and phantom validation

You may cite this article as: Lee Y. Reply:  letter to editor: dual-energy computed tomography-based volumetric thyroid iodine quantification: correlation 
with thyroid hormonal status, pathologic diagnosis, and phantom validation. Diagn Interv Radiol. 2026;32(6):808-809.

Dear Editor,

I would like to express my sincere appreciation for your thoughtful consideration of my 
recent publication, “Dual-Energy Computed Tomography-Based Volumetric Thyroid Iodine 
Quantification: Correlation with Thyroid Hormonal Status, Pathologic Diagnosis, and Phan-
tom Validation,” in Diagnostic and Interventional Radiology.1 I am particularly grateful for your 
suggestion regarding the potential utility of our dual-energy computed tomography (DECT)-
based iodine quantification method for monitoring iodine organification before and after 
radioactive iodine (RAI) therapy. This insightful perspective highlights an important clinical 
application that we had not previously explored in depth.

Since the 1940s, RAI therapy using the oral administration of 131I has been widely em-
ployed for the ablation of residual or recurrent differentiated thyroid carcinoma and normal 
thyroid tissue after total thyroidectomy, as well as for the normalization of hormonal function 
and volume reduction in benign thyroid diseases such as Graves’ disease, toxic nodules, and 
non-toxic nodular goiter.2 To optimize radioiodine uptake, patients are required to undergo 
a prolonged washout period of up to 6–8 weeks for iodine-containing agents. In some in-
stances, treatment is initiated only after confirmation of 24-hour urinary iodine concentration 
(IC). Despite its widespread use, RAI therapy is associated with certain limitations, including 
radiation-induced thyroiditis, which may transiently exacerbate hyperthyroidism and, in rare 
instances, precipitate thyroid storm. Furthermore, larger thyroid glands or more severe hyper-
thyroidism may exhibit greater radioresistance, necessitating higher doses of 131I. However, 
current RAI treatment protocols are typically based on 24-hour radioiodine uptake measure-
ments or the clinician’s experience, rather than the actual thyroid radiation dose, and there are 
reports of thyroid stunning caused by diagnostic use of 123I or 131I.3

In light of the foregoing considerations, we believe that DECT iodine quantification may 
offer unique advantages in the management of benign thyroid disorders–such as Graves’ dis-
ease–in which the thyroid gland remains intact, as opposed to the post-thyroidectomy state. 
Notably, this technique eliminates the need for administration of 123I or 131I, thereby avoiding 
the risk of thyroid stunning and enabling simultaneous assessment of thyroid parenchymal IC 
and glandular volume without requiring additional patient visits. Furthermore, this approach 
could serve as a valuable adjunct for monitoring dynamic changes in thyroid hormonal status 
during and after therapeutic interventions.

In our study, non-contrast dual-energy neck computed tomography was utilized for the 
preoperative evaluation of lymph node metastasis in patients undergoing thyroid surgery. 
Nonetheless, the accuracy of iodine quantification was validated using phantom studies, and 
the associated radiation dose (volume computed tomography dose index: 3.4 ± 0.6 mGy; 
dose-length product: 61.1 ± 14.5 mGy·cm; effective dose: 0.36 ± 0.09 mSv) was found to be 
lower than that of conventional 24-hour radioiodine uptake measurements using 123I (0.74 
mSv) or 131I (1.5 mSv).4,5 However, as you have pointed out, further optimization of the ra-
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diation dose and timing for thyroid paren-
chymal IC measurement using non-contrast 
DECT images remains necessary. We fully 
agree that additional validation studies, ide-
ally in conjunction with nuclear medicine 
tracer uptake assessments, are required be-
fore this technique can be reliably incorpo-
rated into clinical decision-making.

Once again, I thank you for your construc-
tive comments, which have substantially en-
hanced the clinical relevance and potential 
impact of our findings. 
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O R I G I N A L  A R T I C L E

I N T E R V E N T I O N A L  R A D I O L O G Y

You may cite this article as: Bayramoğlu M, Şentürk YE, Cantürk EM, Samadli V, Oğuzkurt L. Tract embolization using absorbable gelatin sponge torpedoes 
following transsplenic or transhepatic access in pediatric patients. Diagn Interv Radiol. 2026;32(6):810-817.

Tract embolization using absorbable gelatin sponge torpedoes 
following transsplenic or transhepatic access in pediatric patients

PURPOSE
To evaluate the feasibility and early postprocedural hemorrhage outcomes of absorbable gelatin 
sponge (AGS) torpedo tract closure and to briefly describe the tract-closure method used following 
portal vein recanalization in pediatric native-liver extrahepatic portal vein obstruction.

METHODS
We retrospectively reviewed the cases of 18 consecutive children [11 boys, 7 girls; median age, 7 
years (range, 5–12)] treated between 2020 and 2025 who underwent transsplenic and/or trans-he-
patic portal vein recanalization with planned tract embolization using AGS torpedoes. The access 
sheath sizes were 5F and 6F, and unfractionated heparin was administered intraprocedurally in all 
cases. Procedures with inadvertent sheath dislodgment before embolization or intraprocedural 
wire perforation were excluded. The primary outcome was clinically significant access-tract hem-
orrhage within 24 hours, defined as a hemoglobin decrease > 2 g/dL together with an interval 
increase in intraperitoneal free fluid on ultrasound. Descriptive statistics were used; technical out-
comes were summarized per tract and safety outcomes per patient.

RESULTS
Eighteen patients underwent embolization of 28 access tracts (13 transsplenic and 15 trans-hepat-
ic). The median number of torpedoes used per tract was three (range, 2–4). All access tracts were 
successfully embolized with AGS torpedoes (28/28, 100%). No clinically significant access-tract 
hemorrhage occurred at either the patient (0/18) or tract level (0/28) within 24 hours after AGS em-
bolization. Small perisplenic or perihepatic fluid collections were observed in 16 (88.9%) patients 
immediately after the procedure without an interval increase on follow-up ultrasound within 24 
hours following the intervention. 

CONCLUSION
AGS torpedo tract closure appears feasible and effective in preventing clinically significant ac-
cess-tract hemorrhage after pediatric portal vein recanalization, including cases requiring dual ac-
cess with introducer sheaths of up to 6F and intraprocedural anticoagulation. Prospective, large, 
multicenter studies using standardized hemostasis endpoints are needed to validate these prelim-
inary findings.

CLINICAL SIGNIFICANCE
A readily available, absorbable material deployed as torpedoes can achieve controlled, layered pa-
renchymal sealing in pediatric portal venous interventions.
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Child, embolization, therapeutic, gelatin sponge, portal hypertension, portal vein
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Meso-Rex bypass surgery is a com-
monly used technique in pediatric 
patients with chronic extrahepatic 

portal vein obstruction (EHPVO) and its re-
lated complications. Recently, percutaneous 
portal vein recanalization has emerged as an 
alternative approach and has been included 
as a new recommendation in the Baveno 
VII consensus, providing a guideline-based 
rationale for clinical use in appropriate can-
didates.1 Both strategies aim to redirect 
splanchnic blood flow to the liver, thereby 
restoring physiological hepatopetal portal 
flow, which, in turn, alleviates portal hyper-
tension.2

Historically, safety concerns have sur-
rounded percutaneous transsplenic and 
transhepatic portal venous interventions.3-5 
In contrast to diagnostic splenoportography, 
percutaneous portal vein recanalization pro-
cedures are technically more complex yet 
have become indispensable for managing 
portal venous complications in pediatric re-
cipients of liver transplant.6 However, stud-
ies specifically addressing native liver with 
chronic EHPVO in pediatric patients remain 
limited. In this cohort, hypersplenism-associ-
ated thrombocytopenia, intraprocedural an-
ticoagulation, and the need for dual splenic/
hepatic access with sheaths of up to 6F may 
increase the risk of access-tract hemorrhage, 
defined as bleeding from the percutaneous 
access tract through the hepatic or splenic 
parenchyma.7-9 In children, even small-vol-
ume blood loss may be hemodynamically 
significant, underscoring the need for tract 
embolization.10,11

A variety of embolic agents have been 
described to minimize access-tract hemor-
rhage, albeit with limitations such as cost 
and the risk of non-target embolization or 
imaging artifacts. Nevertheless, there is no 

universally accepted optimal technique for 
tract embolization.12-14 Absorbable gelatin 
sponge (AGS) has traditionally been used 
in slurry form, but its torpedo configuration 
may offer more controlled delivery and effec-
tive parenchymal sealing.

Given the limited evidence regarding AGS 
torpedoes for access-tract embolization in 
pediatric native-liver EHPVO, we describe our 
method for AGS torpedo tract closure and 
retrospectively evaluate its feasibility and 
early postprocedural hemorrhage outcomes 
following transsplenic and/or transhepatic 
recanalization.

Methods

Ethical approval

The study was conducted in accordance 
with the principles of the Declaration of Hel-
sinki and was approved by the institutional 
ethics committee of the Koç University Com-
mittee on Human Research (approval num-
ber: 2025.440.IRB2.197, date: 08.10.2025). 
Due to the retrospective design, the require-
ment for informed consent for study partici-
pation was waived.

Study design and patient population

This retrospective, single-center cohort 
study included pediatric patients who un-
derwent endovascular recanalization for 
chronic EHPVO between 2020 and 2025. A 
total of 24 patients were screened. Demo-
graphic data, clinical presentation, and the 
underlying etiologies of portal vein throm-
bosis were retrospectively extracted from 

medical records. The inclusion criteria were 
pediatric native-liver chronic EHPVO with 
relevant clinical manifestations. The exclu-
sion criteria were procedures in which tract 
closure could not be attempted because the 
access sheath was inadvertently dislodged 
prior to embolization and procedures com-
plicated by intraprocedural hemorrhage due 
to guidewire perforation during the recanali-
zation attempt. These exclusion criteria were 
selected to focus the safety analysis on cases 
in which tract embolization was technically 
feasible, thereby avoiding the misclassifica-
tion of hemorrhage events that were not pre-
ventable by tract closure. The study group 
selection process is summarized in Figure 1. 
Five patients were excluded because tract 
embolization could not be completed after 
sheath dislocation, and one patient was ex-
cluded due to vascular perforation during 
recanalization. The final cohort comprised 18 
patients [11 boys, 7 girls; median age, 7 years 
(range, 5–12)].

Interventional procedure

Transsplenic or transhepatic access was 
obtained under ultrasound guidance using 
a 21-gauge introducer needle (AccuStick 
II, Cook Medical, Bloomington, IN, USA). A 
V-18 control wire (Boston Scientific, Natick, 
MA, USA) was advanced into the punctured 
parenchymal portal or splenic vein branch, 
followed by introducer placement and diag-
nostic portography. Following placement of 
a stiff guidewire (Amplatz Super Stiff, Boston 
Scientific, Marlborough, MA, USA), the intro-
ducer was withdrawn and a 5F or 6F 11-cm 
sheath (Avanti+ Sheath Introducer, Cordis, 

Main points

•	 Following pediatric portal vein recanaliza-
tion, absorbable gelatin sponge (AGS) tor-
pedo tract embolization closed all 28 access 
tracts, with no cases meeting the 24-hour 
primary hemorrhage endpoint.

•	 The technique remained effective in cases 
requiring dual access, the use of sheaths of 
up to 6F, and intraprocedural anticoagula-
tion. The technique described in this study 
enabled controlled, layered AGS torpedo 
delivery and helped avoid bleeding during 
sheath exchange.

•	 AGS torpedo embolization is a safe, cost-ef-
fective technique that minimizes imaging 
artifacts and preserves options for future 
percutaneous reinterventions.

Figure 1. Flow diagram summarizing the study group selection process.
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Santa Clara, CA, USA) inserted; for trans-
splenic access with tortuous splenic veins, a 
6F 23-cm-long sheath (Brite Tip Sheath Intro-
ducer) was preferred to provide additional 
support.

In five procedures, sheath placement 
could not be maintained after the initial tract 
assessment; the procedure was therefore 
completed via alternative access, and these 
cases were excluded from the primary anal-
ysis. One additional procedure was excluded 
because guidewire perforation might have 
confounded access-tract hemorrhage as-
sessment. All access tracts, including those 
from alternative access and the original tract 
in the perforation case, were successfully 
embolized.

Systemic anticoagulation was adminis-
tered with an initial unfractionated heparin 
bolus (75 U/kg), followed by a continuous 
infusion of 20 U/kg per hour. Periprocedur-
al activated clotting time monitoring was 
not performed. Recanalization, defined 
as the restoration of hepatopetal flow in 
the previously occluded main portal vein 
through balloon angioplasty (PTA), was 
achieved using standard wire and catheter 
techniques. No stents were used in this co-
hort, reflecting our institutional preference 
of avoiding permanent fixed-diameter im-
plants in children that may not accommo-
date somatic growth and may complicate 
future reinterventions. At the end of the 
procedure, the sheath was withdrawn un-
der ultrasound and fluoroscopic guidance 
until the tip was positioned just outside 
the vessel wall and clamped at the skin. 
The sheath was then cut approximately 3 
cm proximal to the clamp. This approach 
was particularly useful with long sheaths, 
enabling non-deformed AGS delivery and 
more uniform tract packing, potentially 
achieving sealing with less material and a 
lower foreign-material burden. Sterile AGS 
blocks (Cutanplast, 50 × 70 × 10 mm; Mas-
cia Brunelli S.p.A., Milan, Italy) were cut into 
rectangular strips along the short and hor-
izontal axes with a scalpel. Each piece was 
manually rolled to form a tight cylindrical 
torpedo, sized to match the sheath lumen, 
and then shortened, yielding final torpedo 
lengths of approximately 15–25 mm. After 
instillation of a small volume of undiluted 
contrast medium into the sheath lumen, 
the torpedoes were introduced manual-
ly or using forceps. Under fluoroscopic 
guidance, the torpedoes were advanced 
through a manually stabilized sheath us-
ing a shortened manipulation catheter. 
The catheter and contrast-impregnated 

torpedoes were both visible under fluo-
roscopy, allowing precise placement. After 
deployment of the first torpedo, additional 
torpedoes were delivered as required, with 
intermittent contrast instillation and grad-
ual unsheathing to ensure layered emboli-
zation until the whole tract was embolized 
(Figure 2). Embolization was completed us-
ing 2–4 torpedoes per tract. The procedure 
was concluded if either contrast was ob-
served beyond the splenic or hepatic cap-
sule during torpedo advancement or the 
sheath was freely mobile outside the pa-
renchyma on fluoroscopy after unsheath-
ing (Figure 3). 

Follow-up

Ultrasound assessments were performed 
immediately after the procedure, on the 
evening of the procedure, and again pri-
or to discharge at approximately 24 hours. 

During hospitalization, patients were clini-
cally monitored for their general condition, 
abdominal pain, and signs of leakage or 
infection at the puncture site. Laboratory 
follow-up for hemorrhage included serial 
complete blood count measurements at ap-
proximately 4, 8, and 24 hours after the pro-
cedure, and analyses were based on the 24-
hour values to align with the prespecified 
endpoint and to reduce variability from ear-
ly post-procedural hemodilution and fluid 
shifts. Unfractionated heparin was discon-
tinued at the end of the procedure and not 
resumed that day. In the absence of hemor-
rhage, all patients were started on low-mo-
lecular-weight heparin the following morn-
ing, which was continued for 1 month. After 
discharge, all patients returned at approxi-
mately 1 month for clinical evaluation and 
targeted Doppler ultrasound.

Figure 2. Schematic of the stepwise technique for absorbable gelatin sponge (AGS) torpedo tract embolization 
following transsplenic portal vein recanalization. Although the illustration relates to transsplenic access, the 
same technique is applicable to transhepatic embolization. (1) The sheath was withdrawn under ultrasound 
guidance until the tip lay just outside the vessel wall. (2) The sheath was clamped at the skin. (3) The sheath 
was cut approximately 3 cm proximal to the clamp. (4) A few drops of contrast were instilled into the sheath 
lumen. (5) An AGS torpedo was introduced into the lumen. (6) The torpedo was advanced to the sheath tip 
under fluoroscopic guidance using a manipulation catheter. (7) The sheath was gradually retracted using 
the unsheathing technique. (8) Additional torpedoes were delivered as required, with intermittent contrast 
instillation and gradual unsheathing to achieve complete tract embolization.
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Study endpoints

The primary outcome was the presence of 
postprocedural hemorrhage within 24 hours, 
ascertained by a retrospective review of lab-
oratory and procedural records and defined 
as a hemoglobin decrease > 2 g/dL together 
with an interval increase in intraperitoneal 
free fluid on follow-up ultrasonography.15

Statistical analysis

Continuous variables were summarized 
as the median (range) and categorical vari-
ables as counts (%). Technical outcomes were 
summarized per tract and safety outcomes 
per patient. No hypothesis testing or impu-
tation was performed. Given the exploratory 
design and zero primary-outcome events, no 
further inferential analyses were undertaken. 
Proportions are reported with 95% confi-
dence intervals (CIs) using the Clopper–Pear-
son exact method; zero-event outcomes are 
presented with exact upper bounds.

Results

Study population

A total of 24 patients were screened be-
tween 2020 and 2025. Of these, 6 were ex-
cluded according to the predefined criteria, 
leaving 18 patients [11 boys, 7 girls; median 
age, 7 years (range, 5–12)] for analysis. The 
underlying etiologies of portal vein throm-
bosis were umbilical vein catheterization in 
14 (77.8%) patients, umbilical infection in 
1 (5.6%) patient, elevated von Willebrand 
factor in 1 (5.6%) patient, and PAI-1 4G/5G 
mutation in 1 (5.6%) patient; the etiolo-
gy remained unknown in 1 (5.6%) patient 
(Table 1). The most common presenting fea-

tures were hypersplenism, growth impair-
ment, and hematochezia, which frequently 
co-occurred in the same patients.

Procedural details

All vascular entries were performed under 
ultrasound guidance, with successful can-
nulation in every patient. Of the 18 patients, 
percutaneous access was achieved using a 
transsplenic approach in 3 (16.7%) patients, a 
transhepatic approach in 5 (27.8%) patients, 
and a combined transsplenic–transhepat-
ic approach in 10 (55.6%) patients. EHPVO 
recanalization was technically successful 
in 14 (77.8%) patients, with the portal vein 
restored with PTA (Figures 4 and 5). In four 
(22.2%) patients, recanalization could not 
be achieved. Across 18 patients, 28 access 
tracts were embolized with AGS torpedoes 
(13 transsplenic and 15 transhepatic), and 

embolization succeeded in all tracts (28/28, 
100%). No patient met the prespecified pri-
mary outcome of clinically significant ac-
cess-tract hemorrhage within 24 hours (0/18, 
0.0%; 95% CI: 0.0%–15.3%). On a per tract 
basis, no clinically significant hemorrhage 
occurred after AGS embolization (0/28, 0.0%; 
95% CI: 0.0%–10.1%). Among the transsplen-
ic interventions, five (38.5%) were performed 
with a 6F sheath and eight (61.5%) with a 5F 
sheath. Among the transhepatic interven-
tions, six (40.0%) were performed with a 6F 
sheath and nine (60.0%) with a 5F sheath. 
The median number of torpedoes used per 
tract was three (range, 2–4).

The median preprocedural hemoglobin 
level was 10.4 g/dL (range, 7.1–12.5), and the 
median postprocedural hemoglobin level 
was 10.3 g/dL (range, 6.1–12.6). The median 

Figure 3. Fluoroscopic images demonstrate the stepwise process of absorbable gelatin sponge (AGS) torpedo tract embolization. (a) Contrast instilled into the 
sheath allows clear visualization of the first AGS torpedo after positioning. (b) Additional AGS torpedoes are sequentially deployed while the sheath is gradually 
retracted using the unsheathing technique. (c) A small amount of contrast leaking beyond the parenchymal surface can be used as an indicator of complete tract 
embolization.

Table 1. Demographic and etiological characteristics of the study population

Characteristic Value

Total patients 18

Gender

Boys 11 (61.1%)

Girls 7 (38.9%)

Age

Median (range) 7 (5–12) years

Etiology

Umbilical vein catheterization 14 (77.8%)

Umbilical infection 1 (5.6%)

Elevated vWF 1 (5.6%)

PAI-1 gene mutations 1 (5.6%)

No known etiology 1 (5.6%)

vWF, von Willebrand factor.

a b c
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hematocrit was 31.5% (range, 25.0%–39.0%) 
before the procedure and 32.0% (range, 
22.0%–40.0%) after the procedure. The me-
dian platelet count was 77.5 ×10⁹/L (range, 
46.0–558.0) pre-procedure and 80 ×10⁹/L 
(range, 55.0–560.0) post-procedure. The pre-
procedural median international normalized 
ratio was 1.1 (range, 1.1–1.5), and the median 
activated partial thromboplastin time was 
26.5 seconds (range, 15.4–31.9). A 0–1 g/dL 
decrease occurred in 4/18 (22.2%) patients, 
a 1-2 g/dL decrease in 5/18 (27.8%) patients, 
and a >2-g/dL decrease in 1/18 (5.6%) pa-
tients; hemoglobin increased in 6/18 (33.3%) 
patients and remained unchanged in 2/18 
(11.1%) patients. No patient met the 24-hour 
hemorrhage endpoint. The pre- to postpro-

cedural hemoglobin changes are summa-
rized in Table 2.

Among the patients with postprocedural 
hemoglobin increases (n = 6), five received 
one peri-procedural unit of packed red blood 
cells (PRBCs), and the observed increase (0.2–
2.1 g/dL; median, 0.7 g/dL) was therefore 
largely transfusion related; in the remaining 
patient, the 0.2-g/dL increase likely reflected 
hemoconcentration rather than true eryth-
rocyte gain. The single patient with a > 2-g/
dL hemoglobin decline required two units 
of PRBCs a few hours after the intervention 
for hematochezia. Consequently, this decline 
was attributable to gastrointestinal bleeding 
rather than procedure-related hemorrhage. 

No other patients received peri- or postpro-
cedural PRBC transfusion. A small amount of 
perisplenic or perihepatic fluid was observed 
in 16 (88.9%) patients immediately after the 
procedure, with no subsequent increase on 
serial ultrasonography. At the approximately 
1-month outpatient evaluation, no delayed 
access-tract complications were identified 
through clinical assessment or Doppler ultra-
sound, including no hemorrhage, pseudoan-
eurysm, abscess, or new intraperitoneal free 
fluid.

Six patients (age 1–8 years; median 3 
years; five boys, 83.3%) were excluded, com-
prising five sheath dislodgments (83.3%) 
and one wire perforation (16.7%). In the six 

Figure 4. Combined transsplenic and transhepatic approach in a pediatric patient with chronic extrahepatic portal vein obstruction likely related to an umbilical 
vein catheter placed immediately after birth. (a) Transhepatic access was used to traverse the portal vein obstruction, and the portogram obtained before balloon 
dilatation demonstrates complete obstruction of the main portal vein with opacification of periportal collaterals. At this stage, no filling of the intrahepatic portal 
veins is observed. (b) Following angioplasty, simultaneous opacification of the segmental intrahepatic portal vein branches confirms restoration of hepatopetal flow 
through the recanalized main portal vein and its right portal branches. Although catheterization of the left portal branches was technically feasible through the 
transsplenic approach, further manipulation was avoided to prevent potential injury to the recanalized main portal vein. (c) Fluoroscopic image shows transhepatic 
tract embolization with absorbable gelatin sponge torpedoes. Small gaps left between torpedoes were acceptable, as the material expands after deployment to 
achieve complete sealing.

Figure 5. Combined transsplenic and transhepatic approach in a pediatric patient with chronic extrahepatic portal vein obstruction successfully recanalized 
using dual access. (a) Portogram obtained via the transsplenic approach demonstrates markedly dilated and tortuous collateral veins without opacification of 
the intrahepatic portal branches at this stage. (b) Portogram from the transhepatic access shows patent and unaffected intrahepatic portal veins. (c) Following 
successful recanalization, collateral filling has been resolved, and normal opacification of the main and intrahepatic portal veins is restored. Both access tracts were 
successfully embolized (images not shown).

a

a

b

b

c

c
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excluded patients, portal vein recanalization 
was technically successful in four (66.7%), 
who subsequently underwent percutane-
ous transluminal angioplasty, whereas two 
(33.3%) had failed recanalization attempts. 
Hemoglobin decreased by a median of 1.6 g/
dL (range, 0.8–2.4). Transfusion was required 
in three patients (50.0%), and no additional 
hemostatic interventions were necessary. 

Discussion
In this retrospective cohort of children 

with native-liver EHPVO undergoing portal 
vein recanalization via transsplenic and/or 
transhepatic access, portal vein recanaliza-
tion was technically successful in 14 of the 18 
patients (77.8%), and tract embolization with 
AGS torpedoes, as described, was technically 
successful in all 28 access tracts; no patient 
experienced clinically significant access-tract 
hemorrhage within 24 hours. Cases in which 
the sheath was dislodged before emboliza-
tion developed access-tract hemorrhage, 
underscoring the importance of performing 
tract closure whenever technically feasible.

AGS is a temporary, inexpensive, and 
widely available embolic agent that liquefies 
within around 7 days and is fully resorbed 
in 4–6 weeks. By absorbing several times its 
weight in water and concentrating platelets 
and clotting factors, the swelling gelatin ma-
trix enhances hemostasis through mechani-
cal compression while preserving the possi-
bility of repeat percutaneous access through 
or near the prior tract.16 This is particularly 
relevant in pediatric EHPVO, where distorted 
portal venous anatomy may leave a limited 
number of targetable vessels for percuta-
neous access. However, the use of AGS as a 
slurry may have two important drawbacks. 
First, uncontrolled injections, particularly in 
pediatric patients, carry the risk of non-tar-
get (including paradoxical) embolization.17,18 
Second, in cases with wide sheath tracts, the 
high-pressure flow in the portal vein after 
successful recanalization may displace the 
AGS slurry into the peritoneal cavity, leading 
to inadequate tract occlusion.19 Our torpe-
do-based technique was designed to allow 
controlled, layered deployment of AGS tor-

pedoes tailored to the sheath lumen, which 
may improve the stability of the access tract. 

In an adult cohort, Tc et al.18 reported AGS 
torpedo plugging of the transsplenic access 
tract after portal vein interventions in adults 
to be feasible and safe, with no cases re-
quiring interventional or surgical treatment. 
Previous pediatric studies using various 
tract embolization materials have report-
ed access-tract hemorrhage rates ranging 
from 0% to 27%, and most of these studies, 
particularly in recipients of liver transplant, 
have described AGS as a tract-embolization 
material used either as a slurry or as pledgets 
deployed directly within the tract (Table 3). 
Uller et al.8 reported 11 tract closures in 10 
pediatric patients, predominantly recipients 
of liver transplant, using eight transhepat-
ic and three transsplenic accesses with 4F 
to 6F sheaths. Tracts were closed with AGS 
slurry, and one procedure was complicated 
by bleeding requiring a single transfusion, 
with no re-bleeding during follow-up. Mon-
roe et al.9 reported 26 children undergoing 
transsplenic portal venous access. Tract em-
bolization with AGS was performed in 13/26 
procedures, whereas ≤ 4F access tracts were 
not embolized and were not associated 
with hemorrhage. Intraperitoneal bleeding 
occurred in 2/26 procedures.9 Similarly, Pa-
tel et al.20 reported 42 percutaneous portal 
vein interventions in 21 pediatric recipients 
of liver transplant, performed via transhep-
atic portal venous access with a 5F sheath. 
Transhepatic tracts were plugged with AGS 
pledgets, and no major procedure-related 
hemorrhagic complications were report-
ed. Consistent with these experiences, AGS 
torpedoes achieved successful tract closure 
in our cohort. By contrast, Pimpalwar et al.7 
reported a higher access-tract hemorrhage 
rate in 44 transsplenic portal interventions 
in 30 children, including 13 procedures for 
native-liver chronic portal vein thrombosis. 
Tracts were embolized with AGS pledgets, 
and intraperitoneal bleeding occurred in 12 
of the 44 procedures, with all cases managed 
conservatively; anticoagulation was iden-

Table 3. Summary of studies reporting tract embolization and access-tract hemorrhage in pediatric patients

Study Closure technique n patients/tracts Access-tract hemorrhage

Uller et al.8 AGS slurry 9/11 1/11 (9%)

Monroe et al.9 AGS slurry, pledgets 26/13 2/26 (7.7%)

Patel et al.20 AGS pledgets 21/42 0/42 (0%)

Pimpalwar et al.7 AGS pledgets, microfibrillar collagen 30/44 12/44 (27%)

Marra et al.13 NBCA 11/15 1/15 (7%)

Our study AGS torpedoes 18 /28 0/18 (0%) 

AGS, absorbable gelatin sponge; NBCA, N-butyl cyanoacrylate.

Table 2. Distribution of pre-to-postprocedural hemoglobin change in the study cohort

Periprocedural laboratory values

Measure Preprocedure, median (range) Postprocedure, median (range)

Hemoglobin, g/dL 10.4 (7.1–12.5) 10.3 (6.1–12.6)

Hematocrit, % 31.5 (25.0–39.0) 32.0 (22.0–40.0)

Platelet count, ×109/L 77.5 (46.0–558.0) 80.0 (55.0–560.0)

INR 1.1 (1.1–1.5) —
aPTT, s 26.5 (15.4–31.9) —

Distribution of pre-to-postprocedural hemoglobin change (ΔHb)

ΔHb category n Percent of cohort

0–1 g/dL decrease 4 22.2%

1–2 g/dL decrease 5 27.8%

> 2 g/dL decrease 1 5.6%

Increase (ΔHb > 0) 6 33.3%

No change (ΔHb = 0) 2 11.1%

Total 18 100%

ΔHb, hemoglobin change; INR, international normalized ratio; aPTT, activated partial thromboplastin time. 
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tified as a significant risk factor for hemor-
rhage. Intraprocedural anticoagulation was 
routinely used in all cases in our cohort. A 
procedural factor that might contribute to 
hemorrhage is the brief interval during long-
to-short sheath exchange; this potential 
window was avoided in the present study by 
clamping and cutting the sheath in the de-
sired position, thereby eliminating the need 
for sheath exchange and minimizing the 
risk of hemorrhage even when long sheaths 
were used. 

One of the most employed tract-embo-
lization methods in adults is embolization 
with an ethiodized oil–N-butyl cyanoacry-
late (NBCA) mixture, but published pediatric 
experience remains limited. Marra et al.13 re-
ported 15 percutaneous portal vein interven-
tions, in which the tract was embolized with 
this technique in 11 children with non-cir-
rhotic EHPVO, performed via transhepatic, 
transsplenic, or combined access. Hemoperi-
toneum occurred in one procedure, which 
was managed conservatively.13 Adoption of 
an ethiodized oil–NBCA mixture is a potential 
option for tract embolization; however, its 
use is technically demanding, requires metic-
ulous flow control, and the risk of inadvertent 
embolization is of particular concern in pedi-
atric patients. However, to prevent non-tar-
get embolization, a combination of coils and 
an ethiodized oil–NBCA mixture may be em-
ployed. Pediatric data on coil-based tract em-
bolization remains limited to isolated cases;21 
Ohm et al.22 reported no access-tract hem-
orrhage using this technique in adults. Per-
manent metallic embolic materials such as 
coils and vascular plugs may be less desirable 
in children, as they can produce artifacts on 
follow-up magnetic resonance imaging, carry 
a risk of foreign-body reaction in immuno-
suppressed patients, and impede repeat ac-
cess when reintervention is required.8,12,18 Al-
though studies describing tract embolization 
in adults using vascular closure devices as an 
alternative are available, their routine use for 
portal or splenic parenchymal tract closure 
may not be feasible due to the relatively high 
cost.23 Therefore, AGS torpedoes may offer a 
cost-effective and widely available alterna-
tive to ethiodized oil–NBCA embolization, 
coils, and device-based options such as vas-
cular plugs or closure devices.19

Our study has several limitations. First, it 
is a single-center, retrospective study with 
a small sample size and no comparator arm 
using other widely used tract-embolization 
techniques. Our results should be interpret-
ed as feasibility and safety data for AGS tor-
pedoes rather than definitive evidence of 

superiority; adequately powered multicenter 
studies with standardized endpoints and 
matched or randomized comparators are 
needed. Accordingly, our results are intend-
ed to inform tract-closure techniques in this 
pediatric setting and were not designed to 
assess recanalization efficacy or comparative 
effectiveness. Second, we excluded proce-
dures in which tract embolization could not 
be attempted because the access sheath 
was dislodged before closure; although con-
sistent with our efficacy-focused objective, 
this may bias hemorrhage estimates down-
ward and restrict generalizability to cases in 
which tract closure is technically feasible. In 
addition, access profiles in our cohort were 
limited to 5F and 6F sheaths; therefore, ex-
trapolation to larger sheath sizes (e.g., 8F and 
9F, used for stent delivery in other settings) 
should be performed cautiously. When tract 
embolization cannot be performed, close 
hemodynamic and laboratory monitoring, 
prompt correction of coagulopathy, and a 
low threshold for transfusion are essential 
to mitigate hemorrhagic risk. In exceptional 
cases, surgical management may be consid-
ered in a multidisciplinary setting. Finally, 
selection bias was unavoidable given the 
heterogeneous etiologies of portal vein ob-
struction, although most chronic cases were 
related to prior umbilical venous catheteriza-
tion. 

In conclusion, this preliminary study sug-
gests that torpedo-based tract closure with 
AGS using a transsplenic and/or transhepatic 
approach appears feasible and was not asso-
ciated with clinically significant hemorrhagic 
complications after recanalization of EHPVO, 
particularly in procedures requiring dual 
access and sheaths of up to 6F performed 
under routine intraprocedural anticoagula-
tion. These findings should be interpreted as 
technique-focused feasibility and early safe-
ty data, rather than evidence of superiority, 
and warrant verification in larger compara-
tive studies. 
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Image-guided, urethra-sparing transperineal radiofrequency ablation 
for benign prostatic hyperplasia: a prospective bicenter outpatient 
study

PURPOSE
To evaluate the feasibility, reproducibility, and clinical outcomes of an image-guided, urethra-spar-
ing transperineal radiofrequency ablation (TPTA) strategy for benign prostatic hyperplasia (BPH) in 
an outpatient interventional radiology setting.

METHODS
This was a prospective, bicenter, non-randomized study of consecutive men with moderate-to-se-
vere lower urinary tract symptoms (LUTS) refractory or intolerant to medication treated with ul-
trasound-guided, urethra-sparing TPTA. Outcomes included the International Prostate Symptom 
Score (IPSS), quality of life, maximum urinary flow rate (Qmax), post-void residual volume (PVR), 
prostate volume, prostate-specific antigen (PSA), and ejaculatory function [assessed using the Male 
Sexual Health Questionnaire–Ejaculatory Dysfunction Short Form (MSHQ-EjD-SF)]; complications 
were graded using the Clavien–Dindo classification. The primary endpoint was a 12-month change 
in ejaculatory function; secondary endpoints included composite clinical response (≥ 30% IPSS re-
duction without retreatment) and urinary and structural changes.

RESULTS
At 12 months, clinically meaningful improvements were observed across patient-reported symp-
toms and concordant objective functional and anatomical parameters in a carefully selected out-
patient cohort. The median IPSS decreased from 19.5 at baseline to 5.0 at 6 months and 4.0 at 12 
months (P < 0.001), accompanied by sustained increases in the Qmax and reductions in PVR, pros-
tate volume, and PSA (all P < 0.001). Among sexually active men, MSHQ-EjD-SF function scores 
remained stable during the follow-up period, and antegrade ejaculation was preserved in 90% 
of patients. The composite clinical response rate (≥ 30% IPSS reduction without retreatment) was 
97.1% at both 6 and 12 months, with no device-related Clavien–Dindo ≥ III complications observed.

CONCLUSION
These findings suggest that image-guided, urethra-sparing TPTA is a reproducible outpatient in-
terventional radiology procedure capable of achieving clinically meaningful symptom relief while 
preserving ejaculatory function, supporting further comparative and multicenter evaluation.

CLINICAL SIGNIFICANCE
Urethra-sparing TPTA has proven to be a safe, feasible, and effective treatment for LUTS and may 
represent a minimally invasive and effective alternative for BPH.
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Benign prostatic hyperplasia (BPH) is a 
leading cause of lower urinary tract 
symptoms (LUTS) in aging men, sub-

stantially impairing quality of life (QoL) and 
generating substantial healthcare costs.1 Al-
though transurethral resection of the pros-
tate remains the gold standard, minimally 
invasive surgical therapies have been devel-
oped to reduce morbidity.2 

Transurethral options such as prostatic 
urethral lift and water-vapor thermal ther-
apy (Rezūm) provide symptom relief but 
require urethral instrumentation, which 
may contribute to discomfort and ejacu-
latory dysfunction (EjD).3 By contrast, ure-
thra-sparing approaches aim to preserve 
periurethral structures and potentially 
maintain sexual function while ensuring 
durable outcomes.4

However, systematic evaluation of ejac-
ulatory function following urethra-sparing 
procedures in Western populations is limit-
ed, and few studies have incorporated vali-
dated tools such as the Male Sexual Health 
Questionnaire–EjD Short Form (MSHQ-EjD-
SF).5,6 We therefore report the 12-month 
clinical, functional, and safety outcomes 
of ultrasound-guided transperineal radiof-
requency ablation (TPTA) performed in an 
outpatient bicenter cohort.

From an interventional radiology per-
spective, minimally invasive treatments for 
BPH have progressively shifted toward im-
age-guided, tissue-selective approaches 
that prioritize procedural safety, anatomical 
precision, and functional preservation. In this 
context, transperineal access under real-time 
ultrasound guidance enables direct target-
ing of adenomatous tissue while avoiding 
urethral instrumentation, potentially reduc-
ing periurethral injury and preserving ejacu-
latory pathways. However, prospective data 
evaluating the reproducibility and function-
al profile of urethra-sparing, image-guided 
TPTA in routine outpatient practice remain 
limited.

Methods 

Study design and rationale

This study was conceived as a pragmatic, 
prospective, bicenter cohort evaluating the 
feasibility, safety, and functional outcomes of 
a urethra-sparing, ultrasound-guided TPTA 
strategy in routine outpatient practice. Giv-
en the early clinical adoption phase of this 
technique, a non-comparative design was 
intentionally selected to prioritize proce-
dural safety, technical reproducibility, and 
patient-reported functional outcomes be-
fore formal comparative evaluation against 
established surgical or minimally invasive 
therapies. All procedures complied with in-
stitutional and national standards and the 
1964 Declaration of Helsinki, and written 
informed consent was obtained from all 
participants. This study was approved by In-
stitutional Review Board of Paulista School 
of Medicine – Federal University of São 
Paulo (UNIFESP) (protocol number: CAAE: 
74939723.1.0000.5505, date: 20.02.2024)

Participants

Consecutive men aged ≥ 50 years with 
moderate-to-severe LUTS [International 
Prostate Symptom Score (IPSS) ≥ 8] who 
were refractory or intolerant to medication 
or dissatisfied with α-blockers or 5α-reduc-
tase inhibitors (5-ARIs) were included. Addi-
tional requirements were a prostate volume 
of 30–200 mL on transrectal ultrasound or 
multiparametric magnetic resonance imag-
ing (mpMRI) and a maximum urinary flow 
rate (Qmax) < 15 mL/s or catheter depen-
dence despite medication. Prostate-specific 
antigen (PSA) levels were generally < 4 ng/
mL, with higher values permitted when pros-
tate cancer was excluded (mpMRI/biopsy). 
Exclusion criteria included known or sus-
pected prostate cancer, neurogenic bladder, 
urethral stricture, bladder stones, or uncon-
trolled systemic disease. Baseline assessment 
comprised the IPSS, QoL, PSA, uroflowmetry, 
post-void residual volume (PVR), and pros-
tate imaging. Demographics, American Soci-
ety of Anesthesiologists class, comorbidities, 
medication use, and intravesical prostatic 
protrusion (IPP), when present, were record-
ed (Figure 1). At baseline, two patients (5.9%) 
had an indwelling urinary catheter. Given this 
very small number, no stratified subgroup 
analysis was prespecified or performed.

Preliminary 3-month outcomes from an 
earlier phase of this prospective cohort have 
been reported previously. The present man-
uscript reports the planned extended fol-

low-up of the same cohort up to 12 months 
and includes additional longitudinal analy-
ses and outcomes not available in the prior 
report.

Procedure

After sedation, the patient was placed in 
the lithotomy position (Figure 2a), and the 
perineum was prepared and draped under 
sterile conditions. The Aplio A ultrasound 
system (Canon Medical Systems Co., Ltd., 
Otawara, Tochigi, Japan) with a high-fre-
quency biplanar end-fire probe was used in 
all procedures. With the patient under se-
dation, the probe was gently inserted into 
the anal canal for continuous prostate vi-
sualization, and the gland was assessed for 
morphology, echogenicity, capsule integrity, 
prostate volume, and its relationship with 
the bladder wall. After ultrasound documen-
tation, a 20G × 20 cm needle was advanced 
under transperineal ultrasound guidance to 
perform bilateral perineal nerve block with 
5 mL of 1% lidocaine per side, followed by 
an additional 5 mL per side for periprostatic 
nerve block. A 17G radiofrequency ablation 
(RFA) probe with a 10-mm active tip (Amica, 
HS Hospital Service S.p.A., Italy) was then 
positioned in the anterosuperior transition 
zone unilaterally (Figure 2b). For safety, abla-
tion was always performed at a distance of 
at least 5 mm from the urethra and bladder 
floor to reduce the risk of stenosis, retrograde 
ejaculation, and cystitis. The RFA probe was 
powered at 40 W, and the needle was slowly 
pulled caudally, allowing real-time visualiza-
tion of tissue vaporization. After completing 
ablation on one side of the transition zone, 
the procedure was repeated contralaterally. 
The device parameters, periprocedural med-
ications, and discharge criteria are summa-
rized in Table 1.

Postprocedure and follow-up

Routine catheterization was avoided. 
Acute urinary retention (AUR) was defined as 
the inability to void within 2 h with discom-
fort or PVR > 300 mL and was managed with 
temporary catheterization. Patients were 
discharged the same day per standard am-
bulatory criteria. Follow-up at 1, 3, 6, and 12 
months included the IPSS, QoL, Qmax, PVR, 
PSA, prostate volume, ejaculatory function, 
adverse events, and medication changes. 
Complications were graded using the mod-
ified Clavien–Dindo classification.

Postprocedural contrast-enhanced ultra-
sound (CEUS) was performed to assess ear-
ly ablation-related perfusion changes. CEUS 

Main points

•	 Urethra-sparing transperineal radiofrequen-
cy ablation preserves urological and sexual 
function.

•	 This strategy represents a treatment option 
for benign prostatic hyperplasia.

•	 This treatment option provides an alter-
native for patients otherwise ineligible for 
standard treatments.
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Figure 1. Flowchart of study population selection. TPTA, transperineal radiofrequency ablation.

Table 1. Periprocedural devices, medications, and parameters by center

Item Center 1 Center 2 Notes

TRUS platform/probe Aplio A-series, biplanar end-fire Aplio A-series, biplanar end-fire Equivalent resolution and needle-
tracking workflow

Access needle 17G transperineal introducer 17G transperineal introducer

RF generator Commercial unit (HS Hospital Service 
Amica RF) Commercial unit (STARmed) Both temperature-controlled

RF electrode Internally cooled monopolar, 10-mm 
active tip

Internally cooled monopolar, 10-mm 
active tip Same geometry across centers

Irrigation/pump Peristaltic pump (continuous saline) Peristaltic pump (continuous saline) Maintains tip temperature < 60 °C

Typical power range 70–150 W 35–70 W Tailored to gland size and tissue 
response

Urethral safety margin ≥ 5 mm from urethra/bladder neck ≥ 5 mm from urethra/bladder neck Mandatory criterion for adequacy

Sedation Midazolam 1–3 mg IV + fentanyl 25–100 
µg IV Same Titrated to moderate sedation

Local anesthesia 1% lidocaine 10–20 mL/side 
periprostatic Same Field block

Antimicrobial prophylaxis 
(cohort)

Levofloxacin 750 mg PO q24h from −48 
h to +7 d Same Legacy regimen used in this series

Current prophylaxis (policy) Cefazolin 1–2 g IV single dose (± ≤ 48 h 
extension per risk) Same Preferred for future cases; culture-

guided

Ancillary meds (cohort) Tamsulosin 0.4 mg qd + prednisone 20 
mg qd × 7 d Same Started 48 h pre-procedure

CEUS availability Yes (routine when feasible) Yes (selective) SonoVue® 2.4 mL + 5 mL saline

Trial-of-void Attempt within 2 h Same AUR: PVR > 300 mL or discomfort → 
Foley 16F 48–72 h

Discharge criteria Aldrete ≥ 9, PVR < 100 mL, stable vitals, 
oral analgesia Same Same-day discharge intended

AUR, acute urinary retention; CEUS, contrast-enhanced ultrasound; MCID, minimal clinically important difference; PVR, post-void residual; QoL, quality of life; RF, radiofrequency; 
TRUS, transrectal ultrasound.



 

Nunes et al.  • 821

enabled real-time visualization of non-per-
fused ablation zones and facilitated iden-
tification of any residual enhancing tissue 
suggestive of incomplete treatment, thereby 
providing an early functional assessment of 
ablation adequacy beyond morphological 
imaging alone.

Outcomes

The prespecified primary endpoint was 
a 12-month change in ejaculatory function 
using the validated MSHQ-EjD-SF (3 items 
on function, 1 item on bother). Preservation 
of antegrade ejaculation was captured by a 
structured patient-reported item and con-
sidered alongside the MSHQ domains. Sec-
ondary endpoints were the 12-month com-
posite responder rate (≥ 30% IPSS reduction 
without BPH retreatment) and absolute and 
percentage changes in the IPSS, Qmax, PVR, 
prostate volume, and PSA. Minimal clinically 
important differences (MCIDs) were IPSS ≥ 3 
points, QoL ≥ 1 point, and Qmax ≥ 3 mL/s; 
proportions were reported with exact 95% 
confidence intervals (CIs).

Follow-up visits were scheduled at 1, 3, 6, 
and 12 months after the procedure. The 1- 
and 3-month visits were primarily intended 
to assess early safety and recovery parame-
ters, including adverse events, voiding sta-
tus, catheter dependence, and medication 
discontinuation. The 6- and 12-month visits 
were prespecified as the main timepoints for 
evaluation of sustained efficacy outcomes, 
including symptom scores, functional pa-
rameters, prostate volume changes, and pa-
tient-reported sexual and ejaculatory out-
comes.

Database lock and handling of missing data

All treated participants completed the 
scheduled 12-month clinical follow-up. 
Therefore, no attrition-related sensitivi-

ty analyses were required. For outcomes 
not measurable at baseline in catheter-de-
pendent patients (e.g., uroflowmetry or 
PVR), analyses were conducted on an ob-
served-case basis with explicit denominators 
reported for each endpoint.

Statistical analysis

Continuous variables are summarized as 
the median [interquartile range (IQR)] and 
categorical variables as a number (percent-
age). Paired comparisons were performed 
using the Wilcoxon signed-rank test, as ap-
propriate. Between-group comparisons were 
assessed using the Mann–Whitney U test. 
Proportions are presented with exact 95% 
CIs. A two-sided P value < 0.05 was consid-
ered statistically significant.  

Responder analyses were additionally 
reported using MCID thresholds commonly 
applied in BPH/LUTS research. For the IPSS, 
an improvement of ≥ 3 points was used as a 
clinically meaningful change. For the Qmax, 
a ≥ 2 mL/s increase was used as a pragmatic 
clinically relevant threshold. Because a for-
mally established MCID for the MSHQ-EjD-
SF has not been clearly defined, changes in 
ejaculatory scores were interpreted cautious-
ly and complemented by reporting the clini-
cally intuitive endpoint of antegrade ejacula-
tion preservation.

Results

Patient flow and baseline 

Of the 40 men screened, 6 were excluded 
(bladder stones, n = 2; low-grade prostate 
cancer, n = 2; did not proceed to treatment or 
follow-up, n = 2), leaving 34 treated patients, 
who comprised the analysis cohort. Fol-
low-up was completed at 6 and 12 months 
for 34/34 patients (100%) (Table 2).

Primary endpoint

Of the 34 men included, 30 were sex-
ually active. On the MSHQ-EjD function 
domain (higher scores indicate better 
function), mean scores were 9.66 ± 1.59 at 
baseline (n = 29), 9.59 ± 2.34 at 6 months, 
and 9.48 ± 2.26 at 12 months. Paired two-sid-
ed tests showed no evidence of change 
from baseline to 6 months [Δ(6m–BL): −0.07; 
95% CI: −0.86 to 0.72; P = 0.860] or to 12 
months [Δ(12m–BL): −0.17; 95% CI: −1.09 to 
0.75; P = 0.704]. For the MSHQ-EjD bother 
domain (lower scores indicate less bother), 
the baseline mean was 2.63 ± 0.71 (n = 32), 
increasing to 2.78 ± 0.75 at 6 months [Δ(BL–
6m): −0.16; 95% CI: −0.49 to 0.18; P = 0.344] 
and to 2.86 ± 0.64 at 12 months among par-
ticipants with available data [n = 22; Δ(BL–
12m): −0.32; 95% CI: −0.78 to 0.14; P = 0.167]. 
Ejaculatory outcomes were assessed using 
the validated MSHQ-EjD-SF. Although an-
tegrade ejaculation was preserved in 27/30 
(90%) sexually active patients at 12 months, 
we observed a small reduction in the mean 
MSHQ-EjD-SF score from baseline to 12 
months. This change was numerically mod-
est and occurred in the context of concurrent 
improvements in urinary symptom burden 
and functional parameters.

Secondary endpoints

The composite responder rate (≥ 30% 
IPSS reduction without BPH retreatment) 
was 33/34 (97.1%; 95% CI: 84.7–99.9) at both 
6 and 12 months. The median IPSS decreased 
from 19.5 (IQR: 14.0–30.3) at baseline to 5.0 
(5.0–6.0) at 6 months and 4.0 (4.0–5.0) at 
12 months (n = 34) (P < 0.001). The median 
Qmax increased from 9.6 (7.6–10.9) to 18.0 
(17.0–20.5) mL/s at 6 months and 20.0 (18.0–
21.3) mL/s at 12 months (P < 0.001). Two 
patients (5.9%) were catheter dependent at 
baseline.

Table 2. Baseline demographic and clinical characteristics of the study population (n = 34). Values are presented as mean ± standard 
deviation or number (percentage), as appropriate

Characteristic n = 34

Age (years), mean ± SD 69.7 ± 5.8

BMI (kg/m²), mean ± SD 27.5 ± 2.5

ASA score ≤ 2, n (%) 19 (55.9)

Comorbidities, n (%)

Hypertension 22 (64.7)

Diabetes mellitus 13 (38.2)

Cardiovascular disease 5 (14.7)

ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.
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PVR volume decreased from 34.5 (25.3–
52.0) mL at baseline to 10.0 (5.0–12.0) mL at 
6 months and 9.0 (7.0–11.0) mL at 12 months 
(P < 0.001). Prostate volume was reduced 
from 70.0 (52.5–101.0) to 43.5 (27.8–62.8) 
mL at 6 months and 40.0 (24.8–61.0) mL at 
12 months (P < 0.001). Median PSA declined 
from 3.8 (2.0–7.4) ng/mL at baseline to 1.5 
(0.8–2.5) ng/mL at both 6 and 12 months (P 
< 0.001) (Table 3). 

Importantly, symptom improvement 
was accompanied by concordant objective 
changes, including increased urinary flow 
(Qmax), reduced PVR, and sustained reduc-
tions in prostate volume and PSA, support-
ing a physiological treatment effect beyond 
symptom perception alone.

In stratified analyses according to base-
line prostate volume (< 80 vs. ≥ 80 mL), 
significant within-group improvements 
were observed at 6 months across all func-
tional and anatomical outcomes, whereas 
no statistically significant between-group 

differences were identified, indicating com-
parable early efficacy across gland size cate-
gories (Table 4).

At baseline, 19/34 (55.9%) patients were 
receiving alpha-blockers and 7/34 (20.6%) 
were receiving 5-ARIs, including 6/34 (17.6%) 
on combination therapy; 2/34 (5.9%) were 
not receiving prostate-related medications. 
Per protocol, prostate-related medications 
were discontinued at 1 month whenev-
er clinically feasible. By 12 months, 32/34 
(94.1%) patients had discontinued pros-
tate-related medications completely; 2/34 
(5.9%) remained on a single medication de-
spite marked symptom improvement (both 
had received dual therapy preprocedure).

Adverse events and reinterventions 

No Clavien–Dindo ≥ III events occurred. 
Within 30 days, transient urinary morbidity 
(AUR/urinary tract infection/dysuria) was 
common, along with less frequent gross he-
maturia, perineal pain, and hematoma; all 

events were non-device-related and man-
aged conservatively. Emergency department 
visits and readmissions were infrequent. Be-
tween 31 and 365 days, reinterventions and 
retreatments were uncommon (Table 5).

Sensitivity to missing data

Because all treated participants com-
pleted the 12-month clinical follow-up as-
sessment, sensitivity analyses for follow-up 
attrition were not required. For endpoints 
with baseline measurements unavailable in 
catheter-dependent patients, analyses were 
conducted using observed-case denomina-
tors, with explicit denominators (n) reported 
per endpoint.

Percentages are shown with exact 95% 
CIs (Clopper–Pearson) for proportions. Con-
tinuous outcomes are summarized as the 
median (IQR); P values and effect-size esti-
mates are provided in Tables 3 and 4.

Table 3. Comparison of functional and anatomical outcomes before treatment and at the 6 month and 1-year follow-up after transperineal 
radiofrequency ablation

Outcomes Baseline 6 months 1 year % change 6 months % change 1 year P

IPSS 19.5 (14.0–30.3)† 5.0 (5.0–6.0) 4.0 (4.0–5.0) 72.1 (66.1–80.6) 74.2 (69.1–83.9) < 0.001

PVR (mL) 34.5 (25.3–52.0) 10.0 (5.0–12.0) 9.0 (7.0–11.0) 77.0 (61.8–84.6) 78.6 (60.4–84.1) < 0.001

Qmax (mL/s) 9.6 (7.6–10.9) 18.0 (17.0–20.5) 20.0 (18.0–21.3) 94.0 (68.2–167.4) 111.0 (70.1–168.8) < 0.001

QoL 5.0 (4.0–5.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 80.0 (66.7–80.0) 80.0 (75.0–80.0) < 0.001

Prostate volume (mL) 70.0 (52.5–101.0) 43.5 (27.8–62.8) 40.0 (24.8–61.0) 42.5 (33.3–51.1) 47.7 (38.5–54.1) < 0.001

PSA (ng/mL) 3.8 (2.0–7.4) 1.5 (0.8–2.5) 1.5 (0.9–2.5) 63.9 (49.9–70.5) 61.5 (50.2–71.8) < 0.001

†Baseline IPSS available for 32 patients; follow-up IPSS available for 34 patients. IPSS, International Prostate Symptom Score; PVR, post-void residual volume; Qmax, maximum 
urinary flow rate; QoL, quality of life; PSA, prostate-specific antigen.

Table 4. Comparison of functional and anatomical outcomes before treatment and at 6 month follow-up after transperineal radiofrequency 
ablation according to baseline prostate volume. Values are presented as median (interquartile range)

Outcome Prostate volume < 80 mL (n = 20)                     Prostate volume ≥ 80 mL (n = 14) P†

Baseline 6 months % change Baseline 6 months % change

IPSS 22.0 (16.0–30.0) 2.0 (1.0–2.3) 90.9 (86.2–93.6) 17.0 (14.0–30.0) 2.0 (2.0–2.0) 89.5 (85.7–92.9) 0.759

PVR (mL) 35.0 (30.0–52.0) 10.0 (5.0–10.8) 77.8 (66.7–85.7) 32.0 (25.0–54.0) 10.0 (7.3–15.0) 68.0 (53.1–84.3) 0.343

Qmax (mL/s) 10.0 (7.9–12.9) 18.0 (17.0–22.0) 80.0 (63.6–120.8) 8.5 (6.8–10.2) 18.0 (16.8–19.3) 110.5 (76.5–181.3) 0.099

QoL 5.0 (5.0–5.0) 1.0 (1.0–1.0) 80.0 (75.0–80.0) 4.0 (3.0–5.0) 1.0 (1.0–1.0) 75.0 (66.7–80.0) 0.217

Prostate volume (mL) 55.0 (42.8–63.5) 29.0 (22.0–39.8) 44.1 (30.4–53.7) 111.5 (89.3–167.8) 70.0 (52.5–101.0) 41.6 (33.3–50.7) 0.769

PSA (ng/mL) 2.7 (1.3–4.0) 1.1 (0.5–1.7) 55.2 (45.2–69.6) 7.6 (6.1–9.4) 2.4 (1.6–3.3) 66.1 (62.3–78.0) 0.071
†P value for between-group comparison of percentage change at 6 months (Mann–Whitney U test). IPSS, International Prostate Symptom Score; PVR, post-void residual volume; 
Qmax, maximum urinary flow rate; QoL, quality of life; PSA, prostate-specific antigen.
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Discussion
In this bicenter outpatient cohort, ure-

thra-sparing, ultrasound-guided TPTA was 
associated with clinically meaningful im-
provements in LUTS and objective functional 
parameters through 12 months of follow-up. 
This report extends our previously published 
3-month findings5 by providing a planned 
12-month follow-up with additional longi-
tudinal outcome assessments; the prior pub-
lication is cited to ensure full transparency 
regarding the cohort.

Rather than establishing comparative ef-
ficacy against existing surgical or minimally 
invasive therapies, the present study was de-
signed to assess the reproducibility, safety, 
and functional profile of an image-guided, 
urethra-sparing TPTA strategy when per-
formed in a real-world interventional radiol-
ogy setting (Figure 3).

Real-time ultrasound guidance, com-
bined with predefined safety margins from 
the urethra and bladder neck, allowed con-
sistent anatomical targeting across centers. 
When available, immediate CEUS served as a 
quality-assurance step to confirm treatment 
coverage and exclude early complications, 
reinforcing procedural reproducibility with-
out compromising periurethral perfusion 
(Figure 4). The addition of postoperative 
CEUS provided clinically meaningful func-
tional information by allowing early assess-
ment of ablation perfusion patterns. Unlike 
grayscale ultrasound, CEUS enabled confir-
mation of devascularized tissue and identi-

fication of residual perfused areas that may 
not be apparent on conventional imaging. 
This early functional evaluation supports 
procedural adequacy, enhances safety sur-
veillance, and may help explain interindivid-
ual variability in subsequent symptom im-
provement and volume reduction. Although 
CEUS findings were not used to mandate im-
mediate retreatment in this study, their use 
may inform future protocols incorporating 
early response assessment and tailored fol-
low-up strategies.

Within this framework, improvements 
were internally consistent across both pa-
tient-reported outcomes and objective mea-
sures, including the Qmax, PVR, prostate vol-
ume, and PSA.

When positioned within the contem-
porary minimally invasive surgical therapy 
landscape, the present outcomes appear 
directionally consistent with reports of oth-
er urethra-sparing and non-transurethral 
approaches. However, differences in study 
design, patient selection, and outcome 
definitions preclude direct comparisons or 
claims of superiority. Accordingly, the pres-
ent findings should be viewed as comple-
mentary, contributing prospective evidence 
on functional and ejaculatory outcomes in a 
real-world outpatient setting.4,6

Mean scores on the MSHQ-EjD-SF func-
tion domain remained statistically stable 
during the follow-up period, with no sig-
nificant changes observed at either 6 or 12 
months. Although a slight numerical decline 

was noted at the latter timepoint, this find-
ing should be interpreted in the context of 
two consistent signals: the bother domain 
did not worsen significantly, and 90% of sex-
ually active men reported preservation of 
antegrade ejaculation. Taken together, these 
results suggest that symptom relief was 
achieved without a proportional increase in 
patient-perceived ejaculatory burden, indi-
cating that ejaculatory function was largely 
maintained following ultrasound-guided, 
urethra-sparing TPTA.5 

In our cohort, only one patient did not 
achieve an adequate clinical response, with 
only a 20% reduction in IPSS and a continued 
need for prior BPH medications. Multipara-
metric MRI demonstrated a marked increase 
in IPP, suggesting a possible valvular mech-
anism. Post-contrast sequences showed en-
hancement of the periurethral tissue and IPP. 
A second TPTA session was performed, spe-
cifically targeting the IPP region. Thirty days 
later, the patient reported marked improve-
ment, with a decrease in IPSS from 14 to 2 
and discontinuation of all BPH medications. 
Follow-up endocavitary ultrasound also con-
firmed a reduction in IPP from 14 to 2 mm. 
No other patients required retreatment or 
medication adjustments during follow-up 
(Figure 5).

Although the absolute magnitude of 
IPSS reduction was substantial, these find-
ings should be interpreted in the context 
of a non-randomized study conducted in a 
carefully selected population with moder-
ate-to-severe baseline symptoms. The ob-

Table 5. Adverse events, healthcare utilization, and reinterventions up to 12 months after urethra‑sparing, ultrasound‑guided transperineal 
radiofrequency ablation

Event Definition 0–30 d n/N (%) Management Clavien–Dindo

Acute urinary retention 

Inability to void for ≤ 2 h with 
discomfort or PVR > 300 mL; 
managed with temporary 
catheterization.

5/34 (14.7%) Temporary catheterization (typically 48–72 h) 1

Urinary tract infection 

New urinary symptoms 
accompanied by a positive 
urine culture requiring 
antibiotic therapy; culture 
obtained when available.

4/34 (11.7%)
Oral antibiotics (10–14 days), guided by urine culture 
when available; no hospitalizations (length of stay 0 
days)

1

Dysuria (clinically 
significant)

New/worse dysuria lasting ≥ 
7 d or requiring unplanned 
contact/analgesic escalation.

12/34 (35%) Oral analgesics/anti‑inflammatories 1

Gross hematuria Visible blood in urine; assess 
for clot retention and Hb drop. 3/34 (8%) Hydration/observation; bladder irrigation if needed 1

Perineal pain 
(significant)

Pain NRS ≥ 5 beyond 48 h or 
requiring opioid prescription. 3/34 (8%) Oral analgesics ± short opioid course 1

Skin/perineal 
hematoma

Clinically evident 
subcutaneous hematoma; 
intervention if expanding or 
symptomatic.

3/34 (8%) Observation/ice 1
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served symptom improvement exceeded 
established MCIDs and was paralleled by 
concordant objective changes, which argues 
against symptom fluctuation alone.

Several non-procedural factors may 
account for the subtle downward drift in 
function scores over time. Aging across the 
study interval, the burden of comorbidities 
such as diabetes or cardiovascular disease, 

and concomitant use of medications known 
to affect emission or expulsion (including 
alpha-blockers, 5-ARIs, selective serotonin 
reuptake inhibitors, or antihypertensives) 
may all plausibly contribute.7-11 Additionally, 
regression to the mean and survivorship bias 
among men who remained sufficiently sex-
ually active to complete questionnaires may 
have influenced the observed trends. These 
considerations argue against overinterpret-

ing small changes within a single patient-re-
ported outcome domain, particularly when 
convergent measures such as bother and 
self-reported antegrade preservation remain 
favorable.

From a clinical perspective, the consis-
tent preservation of antegrade ejaculation 
observed in our cohort has practical im-
plications for shared decision-making.12 
Many men with BPH place a high value on 
maintaining sexual function when select-
ing among treatment options. By providing 
validated evidence that a urethra-sparing, 
non-transurethral approach can achieve 
robust LUTS relief while minimizing sexual 
compromise, our findings may help physi-
cians engage patients in more informed dis-
cussions and align therapeutic choices with 
individual priorities.

The overall pattern—meaningful IPSS/
Qmax improvements with high rates of an-
tegrade ejaculation—appears directionally 
consistent with reports from urethra-sparing 
approaches, but differences in the inclusion 
criteria and outcome definitions preclude 
claims of superiority or non-inferiority.13-17 
Where possible, we provide effect sizes and 
CIs to facilitate evidence synthesis by future 
systematic reviews rather than making indi-
rect comparative assertions. 

Immediate CEUS after ablation served as 
a real-time quality‑assurance step to con-
firm coverage and exclude periprocedural 
complications, potentially improving repro-
ducibility without jeopardizing urethral per-
fusion. Future studies should test whether 
systematic CEUS integration standardizes 
outcomes.18-20

Figure 2. Boxplot comparison of Male Sexual Health Questionnaire–Ejaculatory Dysfunction scores (MSHQ-EjD). (a) Ejaculatory function domain. (b) Ejaculatory 
bother domain. Values are shown at baseline, 6 months, and 12 months after ultrasound-guided transperineal radiofrequency ablation for benign prostatic 
hyperplasia. Horizontal lines within the boxes represent the median, boxes represent interquartile ranges, and whiskers indicate the minimum and maximum 
values. TPTA, transperineal radiofrequency ablation.

a b

Figure 3. Figure self-designed by authors; no copyright restrictions. Schematic and ultrasound views of 
the prostate (orange), rectum (brown), and levator ani muscle (red) in axial (a, b) and paramedian sagittal 
(c, d) acquisitions. The two yellow dots (a-d) indicate the periurethral and periprostatic sites for regional 
nerve block. The positions of the radiofrequency probes (blue circles and arrows) are shown in both planes, 
with ablation initiated anteriorly and subsequently performed posteriorly, maintaining a minimum 5-mm 
distance from the urethra and distal to the verumontanum. Hollow blue circles represent the expected 
ablation zones surrounding each probe (blue arrows).

a

c

b

d
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Although we observed a modest decline 
in MSHQ-EjD-SF scores, the clinical relevance 
of this numerical change is uncertain and 
should be interpreted cautiously. First, ante-
grade ejaculation was preserved in the vast 

majority of sexually active men, suggesting 
that urethra-sparing treatment planning may 
mitigate clinically overt ejaculatory dysfunc-
tion. Second, patient-reported ejaculatory 
scores can fluctuate over time due to factors 

not directly attributable to the procedure, 
including variability in sexual activity, aging, 
comorbidities, relationship factors, and med-
ication adjustments.21,22 Third, an established 
MCID for the MSHQ-EjD-SF in this specific 
context is not well defined; therefore, small 
between-timepoint differences may not 
translate into clinically meaningful impair-
ment. Future comparative studies with larger 
samples, standardized assessment of sexual 
activity, medication changes, and broader 
sexual-function instruments are warranted 
to better characterize the trajectory and clin-
ical significance of ejaculatory outcomes af-
ter transperineal urethra-sparing ablation.23 
Recent studies evaluating contemporary 
minimally invasive BPH therapies have em-
phasized the importance of preserving sexu-
al and ejaculatory function alongside symp-
tom relief, reinforcing the clinical relevance 
of patient-centered outcome measures used 
in the present study.24-26

Several limitations should be acknowl-
edged. Although the sample size (n = 34) is 
appropriate for a prospective feasibility and 
safety evaluation, the single-arm design and 
modest cohort limit causal inference and 
preclude definitive comparisons with other 
minimally invasive BPH therapies; thus, these 
findings should be considered explorato-
ry and hypothesis-generating. Ejaculatory 
outcomes were assessed using a validated 

Figure 5. Patient with inadequate initial response requiring retreatment. (a, b) Multiparametric prostate magnetic resonance imaging at 6 months post-ablation, 
sagittal (a) and axial post-contrast (b), demonstrates an intravesical prostatic protrusion [intravesical prostatic protrusion (IPP), yellow arrow] measuring 12 mm, 
consistent with a possible valvular mechanism compressing the proximal urethral lumen (blue arrow). Hyperenhancement of the periurethral tissue and IPP is also 
noted (red asterisk). (c) Repeat transperineal radiofrequency ablation was performed with direct probe placement into the IPP and periurethral zone. (d) Immediate 
contrast-enhanced ultrasound confirmed devascularization of the transition zone and IPP. (e, f) Follow-up transrectal ultrasound at 30 days demonstrated marked 
IPP reduction, opening of the urethral channel, and likely resolution of the valvular mechanism. Clinically, International Prostate Symptom Score improved from 18 
pre-retreatment to 2 at 30 days, with complete discontinuation of benign prostatic hyperplasia medications. 

a

d

b

e

c

f

Figure 4. Schematic correlation of the ejaculatory duct pathway between an anatomical illustration (a) and 
transrectal ultrasound imaging obtained with a high-frequency transperineal linear transducer (b). This 
view is critical as it demonstrates the relationship between the seminal vesicle (double asterisk), bladder 
(single asterisk), prostatic urethra (red arrow), and ejaculatory duct entering the urethra at the level of the 
verumontanum (blue arrows). Inadvertent ablation of this region may result in ejaculatory dysfunction.

a

b
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instrument (MSHQ-EjD-SF) and antegrade 
ejaculation preservation, but the study was 
not powered to define clinically meaningful 
change thresholds, and an established MCID 
for the MSHQ-EjD-SF in this setting is lacking; 
therefore, responder analyses and longitu-
dinal score changes should be interpreted 
cautiously. In addition, medication discon-
tinuation beyond the planned 1-month with-
drawal attempt was not fully protocolized 
and may have influenced sexual outcomes, 
and erectile function was not prospectively 
assessed with the International Index of Erec-
tile Function questionnaire (IIEF-5). Larger, 
adequately powered multicenter compara-
tive studies with longer follow-up and stan-
dardized patient-centered sexual and ejac-
ulatory endpoints are warranted to confirm 
durability and better define the role of this 
technique in contemporary BPH care.

Prospective multicenter registries or 
randomized pragmatic trials are needed to 
confirm durability and generalizability, ide-
ally using standardized urethra-sparing pro-
tocols, independent outcome adjudication, 
and a core set for sexual function. Given the 
outpatient setting, a formal health economic 
analysis (cost-utility, return to usual activi-
ties, resource use) is also warranted and may 
guide adoption by healthcare systems.18-23 
Future prospective studies should incor-
porate a broader sexual-function battery, 
including the IIEF-5, to better characterize 
erectile outcomes alongside ejaculatory 
preservation after urethra-sparing TPTA. Re-
garding clinical implications, in the stratified 
analysis, urethra-sparing TPTA achieved simi-
lar symptom relief in men with prostates < 80 
and ≥ 80 mL, with consistent improvements 
across urinary and structural outcomes, sup-
porting its feasibility even in larger glands 
that are often more challenging to treat.

In summary, a carefully selected out-
patient population, urethra-sparing TPTA 
was associated with clinically meaningful 
improvements in LUTS and urinary flow at 
12 months, with preservation of antegrade 
ejaculation in the majority of sexually active 
patients.
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Safety and efficacy of combined ethanol and bleomycin sclerotherapy 
via percutaneous pigtail catheter for benign cervical cystic lesions: a 
single-center retrospective study

PURPOSE
To evaluate the safety and efficacy of combined ethanol lavage and bleomycin sclerotherapy ad-
ministered via a percutaneous pigtail catheter for the treatment of benign cervical cystic lesions.

METHODS
This retrospective study included 29 patients (mean age, 30 years; range, 4–60 years; male-to-fe-
male ratio, 16:13) who underwent bleomycin sclerotherapy following ethanol lavage via a pigtail 
catheter for benign cervical cystic lesions, including branchial cleft cysts, ranulas, thyroglossal duct 
cysts, lymphatic malformations, and epidermoid cysts, between March 2009 and September 2022. 
To explore potential predictors of treatment response, clinical diagnosis, baseline cyst size, and the 
total volume of injected sclerosant were evaluated. Statistical analyses included the paired t-test, 
chi-square test, and Mann–Whitney U test.

RESULTS
All patients were followed up for a mean duration of 18.2 months (range, 3–72 months) after the 
final treatment session. Complete cyst resolution was achieved in 17 of the 29 patients (59%), 8 
patients (27%) demonstrated a volume reduction greater than 75%, and 2 patients (7%) exhibited 
a reduction of less than 75%; recurrence occurred in 2 patients (7%) despite repeated sclerothera-
py. There were no significant differences between responders and nonresponders with respect to 
clinical diagnosis, baseline cyst volume, or total sclerosant dose. Minor procedure-related complica-
tions occurred in three patients (10.34%); no major complications were observed.

CONCLUSION
Combined ethanol lavage and bleomycin sclerotherapy administered via a percutaneous pigtail 
catheter is a safe and feasible treatment option for benign cervical cystic lesions. 

CLINICAL SIGNIFICANCE
Combined ethanol and bleomycin sclerotherapy represents a safe, minimally invasive treatment 
option for benign cervical cystic lesions in routine clinical practice, with favorable outcomes and 
potential to reduce the need for surgical intervention.
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Sclerotherapy, bleomycin, ethanol, neck, cysts  
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Benign neck cysts are non-neoplastic 
cystic lesions of the neck that are typ-
ically congenital or developmental in 

origin. They are pathologically characterized 
by an epithelial or endothelial lining with a 
benign clinical course and have traditionally 
been managed with surgical excision. Sur-
gical treatment offers definitive resolution 
with very low recurrence rates.1 However, 
open surgery is associated with inherent 
risks, including injury to adjacent neuro-
vascular structures, infection, and bleeding, 
particularly in lesions that are poorly defined 
or demonstrate expansile growth.2 There-
fore, increasing attention has been direct-
ed toward non-surgical, minimally invasive 
treatment strategies for benign neck cysts. 
Sclerotherapy has emerged as a promising 
alternative to surgical excision, employing 
chemical ablation agents such as OK-432 
(Picibanil), tetracycline, doxycycline, bleo-
mycin, and ethanol.2 Of these, OK-432 is the 
most frequently reported sclerosant for this 
procedure.2,3 Although intracystic injection 
of OK-432 is generally considered safe, recur-
rence rates of up to 47% have been reported, 
and routine clinical access to OK-432 remains 
limited in many settings.3,4 These limitations 
highlight the need for effective and readily 
available alternative sclerosants.

Ethanol is widely used in sclerotherapy 
and exerts its effects through cellular dehy-
dration and protein denaturation, leading to 
coagulation, vascular wall necrosis, throm-
bosis, and eventual vascular occlusion.5 Eth-
anol ablation has demonstrated safety and 
efficacy in the treatment of cystic thyroid 
nodules, thyroglossal duct cysts, and lym-
phatic malformations.6-8 Standard ethanol 
sclerotherapy typically involves aspiration of 
cyst contents followed by instillation of eth-
anol without lavage, patient repositioning, 
and subsequent aspiration of the sclerosant 
after a predefined dwell time. In most prior 

reports, this procedure has been performed 
using a single percutaneous needle punc-
ture, without placement of a pigtail catheter 
to allow continuous irrigation or drainage.

Bleomycin represents another commonly 
used sclerosant with broad availability and 
a favorable safety profile, with reported ad-
verse effects generally mild and transient.9 
However, ethanol may demonstrate limited 
efficacy in mucus-filled cysts due to insuf-
ficient contact with the cyst wall, and bleo-
mycin often necessitates repeated treatment 
sessions to achieve adequate sclerosis.10,11 

From a mechanistic standpoint, ethanol in-
duces chemical denudation of the cystic epi-
thelium and facilitates evacuation of viscous 
intracystic contents, whereas bleomycin 
promotes endothelial injury and subsequent 
fibrosis. Accordingly, the sequential applica-
tion of ethanol lavage followed by bleomycin 
instillation was conceived to offer theoretical 
complementarity between these agents 
rather than proven therapeutic superiority.

To our knowledge, the safety and effica-
cy of this combined sclerotherapy approach 
for benign neck cysts have not been previ-
ously evaluated. The present study therefore 
aimed to assess the therapeutic efficacy and 
safety profile of combined ethanol lavage 

and bleomycin sclerotherapy administered 
via a percutaneous pigtail catheter.

Methods

Patients

This retrospective study was approved by 
the Institutional Review Board of Chung-Ang 
University Hospital (IRB number: 2507-014-
2741, date: July 22, 2025), which waived the 
requirement for written informed consent. 
Between March 2009 and September 2022, 
44 patients underwent bleomycin sclero-
therapy following ethanol lavage for benign 
neck cysts at our institution. Of these, 15 
patients were excluded because follow-up 
imaging was unavailable to assess treatment 
response. The final study cohort therefore 
comprised 29 patients (mean age, 30 years; 
range, 4–60 years; male-to-female ratio, 
16:13). The diagnosis of benign neck cyst 
was established on the basis of characteristic 
clinical presentation and imaging findings 
obtained using ultrasonography (US) and 
computed tomography (CT). Routine histo-
pathologic confirmation was not performed, 
given the minimally invasive nature of the 
treatment strategy. An overview of patient 
selection and cohort characteristics is pro-
vided in Figure 1 and Table 1.

Main points

•	 Combined ethanol lavage and bleomycin 
sclerotherapy administered via a percuta-
neous pigtail catheter is a safe and feasible 
minimally invasive treatment option for be-
nign cervical cystic lesions.

•	 This approach was applied to patients with 
symptomatic benign cervical cystic lesions, 
particularly in cases where surgical excision 
was unsuitable, declined by the patient, or 
when a minimally invasive alternative was 
preferred.

•	 Clinical outcomes were evaluated based 
on cyst volume reduction and recurrence 
during follow-up.

Figure 1. Study flow diagram illustrating patient selection and clinical outcomes.
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Technique

All procedures were performed by a 
board-certified interventional radiologist 
with 30 years of clinical experience in an in-
terventional radiology suite. Cyst size and 
anatomical location were confirmed using 
US, and local anesthesia was administered 
at the puncture site with 2% lidocaine. Initial 
cyst access was achieved using a 21-gauge 
needle, followed by placement of a 7-Fr or 
8.5-Fr pigtail catheter (Cook Medical, Bloom-
ington, IN, USA) within the cystic cavity. Ul-
trasound guidance was used for initial cyst 
puncture, whereas fluoroscopic guidance 
was employed for pigtail catheter placement 
and contrast injection to confirm appropri-
ate intracystic positioning and exclude ex-

travasation. Cyst contents were aspirated as 
completely as possible. Alcohol lavage using 
99% ethanol was then performed between 
the syringe and the cyst lumen for 3–5 cy-
cles to remove mucinous components, with 
syringe contents discarded after each cycle. 
Lavage was considered complete once visual 
and tactile feedback indicated the absence 
of highly viscous mucus in the aspirate. The 
volume of ethanol instilled corresponded to 
one-third of the aspirated cyst volume, with 
a maximum volume of 100 mL.

Bleomycin (Hikma Pharmaceuticals, 
Berkeley Heights, NJ, USA) was prepared by 
reconstituting one or two vials in 1–2 mL of 
normal saline and diluting the solution to a 
total volume of 10 or 20 mL. Each vial con-

tained 15 mg of bleomycin, and one or two 
vials were used per treatment session at the 
operator’s discretion. When the aspirated 
cyst volume was less than 10 mL, an equiv-
alent volume of bleomycin solution was 
instilled; when the aspirated volume was 
10 mL or greater, up to 20 mL was instilled. 
Bleomycin was subsequently instilled into 
the cyst without aspiration, and the proce-
dure was completed (Figures 2 and 3). The 
pigtail catheter was routinely removed the 
following day.

Data collection and follow-up

The following variables were extracted 
from the electronic medical record for each 
patient: age, sex, lesion location, presenting 

Table 1. Patient characteristics and treatment outcomes of sclerotherapy for benign cervical cystic lesions

Case Sex Age (y) Clinical diagnosis Prior treatment Measured volume 
(mL)

Number of 
treatments

Follow-up 
duration 
(months)

Outcome

1 F 38 BCC 8.8 3 PR

2 M 30 Plunging ranula SMG excision 9.9 3 72 NR

3 M 32 Ranula 10.4 2 8 NR

4 F 27 Ranula 7.4 9 CR

5 M 39 Lymphangioma 162.0 18 MR

6 M 19 Ranula 18.0 22 CR

7 M 48 Lymphangioma 30.4 4 MR

8 M 25 Ranula 4.1 6 MR

9 F 33 Epidermoid cyst 2.2 4 PR

10 F 28 BCC 7.7 9 CR

11 M 25 Plunging ranula 34.9 9 CR

12 M 35 BCC 18.0 48 CR

13 M 35 Epidermoid cyst 6.1 9 MR

14 F 13 BCC 10.1 44 CR

15 F 29 Lymphangioma 60.5 12 MR

16 F 4 Ranula 5.9 12 CR

17 M 7 Plunging ranula 6.3 16 CR

18 M 14 Lymphangioma 30.6 20 CR

19 M 24 Plunging ranula 14.1 2 31 CR

20 F 60 BCC 14.0 32 CR

21 F 24 BCC 29.3 2 36 CR

22 M 20 Plunging ranula 8.8 4 CR

23 F 35 BCC 29.7 18 CR

24 M 36 BCC 69.7 15 MR

25 F 38 TGDC 32.9 24 CR

26 M 49 TGDC 13.3 6 CR

27 F 28 Ranula 6.9 6 MR

28 F 52 BCC 17.4 18 CR

29 M 24 Plunging ranula 27.2 12 MR

CR, complete response; MR, marked response; PR, partial response; NR, no response; TGDC, thyroglossal duct cyst; BCC, branchial cleft cyst; F, female; M, male; SMG, 
submandibular gland.
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symptoms, injected volumes (mL) of ethanol 
and bleomycin, number of bleomycin treat-
ment sessions, and cumulative bleomycin 
dose. Procedure-related complications were 
classified as major or minor in accordance 
with the Society of Interventional Radiolo-
gy Standards of Practice guidelines.12 Major 
complications were defined as events requir-
ing major therapy, prolonged hospitalization 
exceeding 48 hours, or unplanned escalation 
of care. Minor complications were defined as 
events requiring only nominal therapy or no 
therapy and could include overnight admis-
sion for observation.

Induration and erythema at the injection 
site were assessed on the day following the 
procedure. Patients were subsequently fol-
lowed up in the outpatient setting. At each 
follow-up visit, a focused clinical history and 
physical examination were performed. If re-
currence of a benign neck cyst was suspect-
ed based on symptoms or examination find-
ings, follow-up imaging with US or CT was 
obtained. Treatment response was assessed 
by calculating the percentage of volume re-
duction using cyst measurements obtained 

from baseline and post-sclerotherapy US or 
CT scans. Lesion volume was calculated using 
the prolate ellipse formula (V = 0.5 × length 
× width × thickness). Complete response 
was defined as complete disappearance of 
the lesion, marked response as a reduction 
greater than 75%, and partial response as a 
reduction of less than 75%. Recurrence was 
defined as any clinically meaningful increase 
in lesion volume during follow-up.

Statistical analysis

Pre- and post-sclerotherapy cyst volumes 
were compared using the paired t-test. Cat-
egorical variables stratified by etiology were 
analyzed using the chi-square test. Differ-
ences in baseline cyst volume and injected 
sclerosant dose between the complete-re-
sponse and noncomplete-response groups 
were evaluated using the independent t-test 
or the Mann–Whitney U test, as appropriate. 
All statistical analyses were performed using 
MedCalc Statistical Software (version 18.6, 
MedCalc Software Ltd., Ostend, Belgium). A 
two-sided P value < 0.05 was considered sta-
tistically significant.

Results
A total of 29 patients were followed up for 

a mean duration of 18.2 months (range, 3–72 
months); 4 patients (13.8%) had a follow-up 
period of less than 6 months. Complete re-
sponse was achieved in 17 patients (59%), 
and 8 patients (27%) demonstrated a marked 
response, defined as a volume reduction 
greater than 75%. Partial response, defined as 
a volume reduction of less than 75%, was ob-
served in two patients (7%). Recurrence de-
spite repeated sclerotherapy occurred in two 
patients (7%). The two cases with recurrence 
were clinically diagnosed as a plunging ran-
ula and a simple ranula. Overall, cyst volume 
decreased significantly following combined 
ethanol lavage and bleomycin sclerotherapy 
administered via a percutaneous pigtail cath-
eter, from a mean baseline volume of 24.03 
[95% confidence interval (CI) 12.23–35.82] to 
1.25 mL (95% CI: 0.22–2.28) after treatment (P 
= 0.0005). No major complications were ob-
served. Minor procedure-related symptoms 
occurred in three patients and included fever 
(n = 1) and pain (n = 2); all symptoms resolved 
within 3 days.

Figure 2. Procedural steps: (a) placement of a 7-Fr pigtail catheter; (b, c) catheter insertion into a left sublingual ranula under ultrasonographic and fluoroscopic 
guidance with aspiration of cyst fluid as completely as possible; (d) contrast injection to confirm the absence of extravasation into adjacent soft tissues, followed by 
sequential ethanol lavage and bleomycin sclerotherapy.

a b c d

Figure 3. Illustrations of ethanol lavage: (a) insertion of a 7-Fr pigtail catheter into a benign neck cyst; (b) aspiration of cyst contents as completely as possible; (c, d) 
ethanol lavage demonstrating clearance of residual adherent fluid from the cyst wall.

a b c d
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The mean number of procedures per 
patient was 1.17. When stratified by clinical 
diagnosis, the mean number of procedures 
was 1.11 for branchial cleft cysts, 1.00 for epi-
dermoid cysts, 1.33 for ranulas, 1.00 for thy-
roglossal duct cysts, and 1.00 for lymphangi-
omas. Among the 17 patients who achieved 
a complete response, 15 responded after a 
single procedure (Figure 4) and 2 required 
two procedures. Two patients experienced 
relapse despite repeated sclerotherapy (Fig-
ure 5). One patient in the cohort had previ-
ously undergone surgical excision as an ini-
tial treatment.

To evaluate outcomes according to clin-
ical diagnosis, patients were dichotomized 
into a complete-response group and a 
non-complete-response group and com-
pared statistically. Among the 17 patients 
with complete response, 7 (41%) were di-
agnosed with ranula, 7 (41%) with branchi-
al cleft cyst, 2 (12%) with thyroglossal duct 
cyst, 1 (6%) with lymphangioma, and none 
with epidermoid cyst. Among the 12 pa-
tients with non-complete response, diag-
noses included ranula in 5 patients (42%), 
lymphatic malformation in 3 (25%), thyro-
glossal duct cyst in 2 (17%), and epidermoid 

cyst in 2 (17%). The distribution of diagnoses 
did not differ significantly between the com-
plete-response and non-complete-response 
groups (P = 0.745; Table 2).

The potential impact of cyst size on treat-
ment response was also evaluated. Baseline 
cyst volume did not differ significantly be-
tween the complete-response and non-com-
plete-response groups (P = 0.790). Similarly, 
there was no significant difference in the in-
jected sclerosant dose between the groups 
(P = 0.655). Across the entire cohort, the 
mean cumulative intralesional bleomycin 
dose was 16.84 ± 11.56 mg per patient.

Figure 5. (a, b) Initial computed tomography (CT) images demonstrating a 3.2 × 2.0 × 3.1-cm cystic lesion (arrows) in the left submandibular space on axial and 
sagittal views, respectively. (c, d) Follow-up CT obtained 2 years after two sessions of ethanol lavage and bleomycin sclerotherapy showing recurrence of the cystic 
lesion (arrows).

a b c d

Figure 4. (a, b) Initial computed tomography (CT) images demonstrating a 5.8 × 4.3 × 2.7-cm plunging ranula (arrows) in the right submandibular space on axial 
and coronal views, respectively. (c, d) Follow-up CT obtained 1 year after ethanol lavage and bleomycin sclerotherapy showing complete resolution of the plunging 
ranula.

a b c d

Table 2. Treatment response according to cyst type

Cyst type Complete response (n = 17) Other response (n = 12) Total (n = 29)

Ranula 7 (41%) 5 (42%) 12

BCC 7 (41%) 0 7

TGDC 2 (12%) 2 (17%) 4

Lymphangioma 1 (6%) 3 (25%) 4

Epidermoid cyst 0 2 (17%) 2

Total 17 12 29

P = 0.745. BCC, branchial cleft cyst; TGDC, thyroglossal duct cyst.
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Discussion
Surgical excision remains the standard 

treatment for benign neck cysts. However, 
complete resection can be technically chal-
lenging, and the risk of recurrence is not 
negligible. In addition, surgical management 
carries the potential for complications, in-
cluding muscle weakness, neurovascular 
injury, infection, and unfavorable cosmetic 
outcomes such as scarring and stitch gran-
uloma.13,14 These considerations have con-
tributed to growing interest in minimally 
invasive alternatives. Sclerotherapy is now 
widely accepted in this context. Among 
available sclerosants, OK-432 (Picibanil) has 
been commonly used; however, access to 
this agent can be limited, and recurrence as 
well as inflammatory reactions following OK-
432 sclerotherapy have been reported.

In the present study, combined etha-
nol lavage and bleomycin sclerotherapy 
administered via a percutaneous pigtail 
catheter demonstrated favorable clinical 
outcomes with an acceptable safety profile. 
The observed response rates were compa-
rable to those reported for commonly used 
sclerosants, including OK-432, ethanol, and 
bleomycin monotherapy, as described in 
previous studies.2,3,15-18 Notably, sustained 
treatment responses were observed over a 
relatively long mean follow-up period of 18.2 
months, whereas prior reports have primarily 
emphasized short-term outcomes.1,15

The absence of major complications and 
the low incidence of minor, self-limited ad-
verse events in this cohort are consistent with 
the established safety profiles of intralesion-
al bleomycin and ethanol sclerotherapy.9,11 
Treatment failure occurred in a patient with 
a history of surgical excision and subsequent 
recurrence, suggesting that altered anato-
my or postoperative fibrosis may adversely 
affect the efficacy of subsequent sclero-
therapy. Collectively, these findings support 
the feasibility of this minimally invasive ap-
proach as an alternative treatment option in 
selected patients while acknowledging that 
direct comparisons with other techniques re-
quire prospective, controlled evaluation.

Although reported outcomes vary across 
studies, ethanol or bleomycin monotherapy 
has generally yielded favorable responses in 
the treatment of benign cystic lesions of the 
head and neck.2,9,15 The outcomes observed 
in the present study fall within the range re-
ported in the existing literature. Importantly, 
the relatively long follow-up period provides 
additional insight into the durability of treat-

ment response beyond the early post-treat-
ment phase.

In many cases, cyst contents were dense 
and adhesive, limiting effective evacuation 
using the standard 16- or 18-gauge needles 
typically employed for sclerotherapy. To ad-
dress this limitation, a 7-Fr or 8.5-Fr pigtail 
catheter was inserted, allowing more ef-
fective aspiration of viscous intracystic ma-
terial. Ethanol irrigation was subsequently 
performed through the catheter to clear 
residual thick contents and facilitate closer 
contact between the sclerosant and the cyst 
wall. Bleomycin was then instilled and left in 
situ without drainage in accordance with the 
procedural protocol.

Bleomycin is a sclerosing agent associ-
ated with a low rate of complications. How-
ever, large cumulative doses exceeding 400 
mg or 5 mg/kg have been associated with 
an increased risk of pulmonary fibrosis.19,20 

This risk is greatest among older adults, pa-
tients with renal dysfunction, and individuals 
receiving systemic bleomycin therapy for 
malignancy.21 In the present study, the mean 
cumulative intralesional bleomycin dose was 
16.84 ± 11.56 mg per patient, well below 
thresholds associated with pulmonary tox-
icity. No cases of pulmonary complications 
were observed. Nevertheless, larger cohorts 
with longer follow-up durations are needed 
to more precisely estimate the incidence of 
rare adverse events.

Alcohol lavage may play a supportive role 
in the management of mucus-filled cysts by 
reducing intracystic viscosity and removing 
adherent contents, thereby potentially al-
lowing closer contact between the sclerosant 
and the cyst wall. In sclerotherapy performed 
without lavage, residual mucinous material 
may act as a physical barrier that limits effec-
tive interaction between the sclerosant and 
the cyst intima. Although the present study 
was not designed to evaluate the incremen-
tal benefit of lavage, this technical step may 
be considered a feasible adjunct in selected 
cystic lesions characterized by thick intracys-
tic contents.

Several limitations of this study should 
be acknowledged. First, the retrospec-
tive design spanning an extended period 
resulted in some missing data, although 
the sclerotherapy technique itself did not 
change over time. Second, diagnoses of 
benign cervical cystic lesions were based 
on clinical and imaging findings rather than 
histopathologic confirmation, reflecting an 
inherent limitation of minimally invasive 

treatment strategies that aim to avoid sur-
gical excision. Third, the sample size was 
insufficient to identify factors associated 
with treatment effectiveness, and no di-
rect comparison with other sclerosants was 
performed. In addition, all patients under-
went routine next-day removal of the pig-
tail catheter, and the necessity of overnight 
catheter retention was not systematically 
evaluated. As a result, the impact of cath-
eter retention on recurrence rates and pro-
cedural invasiveness could not be assessed. 
Prospective, adequately powered studies 
with head-to-head comparisons are there-
fore warranted.

In conclusion, combined ethanol lavage 
and bleomycin sclerotherapy administered 
via a percutaneous pigtail catheter rep-
resents a safe and feasible treatment option 
for benign cervical cystic lesions. 

Footnotes
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O R I G I N A L  A R T I C L E

I N T E R V E N T I O N A L  R A D I O L O G Y

PURPOSE
To evaluate the efficacy and advantages of a novel double-loop drainage catheter (nDLC) com-
pared with a conventional single-loop catheter (cSLC) in overcoming dysfunctional retraction for 
pleural and intra-abdominal drainage.

METHODS
A retrospective review of 356 patients who underwent drainage procedures between January 
and October 2023 was conducted. Of these, 221 received cSLC and 135 received nDLC, all using 
8-F catheters. Complicated collections (e.g., empyema, pneumothorax, bile, pancreatic secretions,
bloody collection, urine, or air) were excluded. The complication-free catheter indwelling time was 
analyzed using the Kaplan–Meier method. Patient characteristics and complications were com-
pared using paired t-tests and Fisher’s exact tests.

RESULTS
The nDLC group demonstrated a significantly longer mean complication-free catheter indwelling 
time [70.3 days, 95% confidence interval (CI): 52.8–87.9] than the cSLC group (19.6 days, 95% CI: 
17.9–21.2; P < 0.05). Subgroup analysis showed superior indwelling times with nDLC for both in-
tra-abdominal (77.5 vs. 18.7 days) and pleural drainage (35.9 vs. 19.7 days) (P < 0.05). Dysfunctional 
retraction occurred in 10 cases in the cSLC group but in no cases in the nDLC group (P < 0.001).

CONCLUSION
The nDLC significantly reduces dysfunctional retraction and provides a longer complication-free 
catheter indwelling time than the cSLC for both pleural and intra-abdominal drainage.

CLINICAL SIGNIFICANCE
The nDLC design effectively prevents catheter retraction and eliminates the need for suture anchor-
ing, potentially reducing suture-related complications and improving long-term catheter perfor-
mance in patients requiring prolonged pleural or intra-abdominal drainage. 

KEYWORDS
Double-loop catheter, pleural effusion, ascites, abdominal drainage, catheter occlusion

You may cite this article as: Kim SH, Oh JS,, Chun HJ. Pleural and intra-abdominal long-term drainage: comparison of a novel double-loop and a conventional 
single-loop catheter. Diagn Interv Radiol. 2026;32(6):835-840.

The use of pigtail catheters has become the preferred minimally invasive treatment 
modality for draining pleural or intra-abdominal fluids.1 Compared with conventional 
large-bore chest tubes, pigtail catheters, which are made from smaller and more flexible 

materials, are equally effective but cause less pain and are better tolerated by patients.2 How-
ever, a smaller bore increases the risk of catheter blockage.2

Maintaining the correct position of an indwelling pigtail catheter is crucial for the suc-
cessful drainage of pleural or intra-abdominal fluids.3 Despite being securely fixed to the skin 
with sutures, a long-term catheter can still be inadvertently pulled out, leading to catheter 
dysfunction. To overcome this, the development of a double-pigtail catheter, which features 
additional coiling in the middle section, has been reported.2 This design not only facilitates 
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drainage but also helps prevent complete 
dislodgement and maintains catheter func-
tion by resisting retraction. However, we 
observed that although the double-pigtail 
catheter helps prevent displacement, block-
ages can still occur if any side holes near the 
chest wall in the second loop become ob-
structed (Figures 1a and b).

Consequently, we designed a novel 
double-loop drainage catheter (nDLC) that 
lacks side holes along the proximal coil-
ing segment. Drainage occurs exclusively 
through the side holes located in the distal 
loop, whereas the proximal loop, which has 
no drainage holes, functions primarily as a 
mechanical anchor against retraction. This 
design aims to address specific clinical is-
sues, with particular emphasis on preventing 
catheter occlusion due to side-hole blockage 
in the second loop. Omitting side holes in the 
proximal loop was intended to reduce the 
risk of blockage by preventing debris accu-
mulation at the wall interface, and retraction 
resistance is provided by the proximal loop’s 
mechanical anchoring. Therefore, this study 
aims to compare the survival and effective-
ness of conventional single-loop catheters 
(cSLCs) with those of nDLC.

 Methods

Characteristics of a novel double-loop 
drainage catheter

The pigtail catheters used in this study 
were designed as follows: (1) the cSLC was 
an 8-F/21-cm multipurpose drainage cath-
eter made of polyurethane, with a hydro-
philic-coated distal segment (5 cm, five side 
holes with pigtail formation; Sungwon Med-
ical, Cheongju, Republic of Korea, and UreSil 

LLC, Skokie, IL, USA); and (2) the nDLC was an 
8-F/21-cm catheter made of polyurethane, 
with hydrophilic-coated proximal and distal 
segments (5 cm, five side holes only in the 
distal pigtail coiling, no side holes in the mid-
shaft, and proximal coiling), a distal pigtail 
loop size of 2 cm, and a proximal loop of 1 
cm (EQ drainage catheter, Hepato, Seoul, Re-
public of Korea) (Figure 2).

Patient characteristics 

The need for informed consent from 
participants was waived due to the study’s 
retrospective design. The protocol for this 

study was approved by the Institutional Re-
view Board of the Catholic Medical Center of 
The Catholic University of Korea (approval 
number: KC25RISI0353, date: June 4, 2025). 
All consecutive drainage procedures per-
formed between January and October 2023 
were reviewed. The inclusion criteria focused 
on patients who underwent pleural or in-
tra-abdominal drainage using 8-F catheters. 
Patients were excluded from the study if 
they had complicated intra-abdominal col-
lections, such as bile, pancreatic secretions, 
bloody collections, urine, or air (n = 16), or 
complicated pleural collections, such as em-
pyema or pneumothorax (n = 11). To focus 

Main points

•	 The novel double-loop drainage catheter 
(nDLC) completely prevented dysfunctional 
retraction (0 cases vs. 10 cases in conven-
tional single-loop catheters; P < 0.001) and 
did not require suture anchoring, poten-
tially avoiding suture-related complications 
such as infection or tissue damage.

•	 The mean indwelling time without dysfunc-
tion was significantly longer with the nDLC 
(70.3 vs. 19.6 days; P < 0.05), with consistent 
benefits in both pleural (35.9 vs. 19.7 days) 
and intra-abdominal (77.5 vs. 18.7 days) 
drainage.

•	 The clinical success rate was higher with 
the nDLC (91.9% vs. 80.5%; P = 0.004), sug-
gesting it is particularly advantageous for 
patients needing prolonged drainage of 
uncomplicated pleural effusions or ascites.

Figure 1. Occlusion pattern of the pigtail catheter. (a) Substantial amount of debris accumulation in the 
last side hole, potentially causing progressive catheter blockage (black arrow). (b) Similarly, in the case of 
double-loop catheters, debris starts to accumulate at the last side hole of the second loop adjacent to the 
chest or abdominal wall (white arrow).

Figure 2. Detailed structure of the novel double-loop catheter. The multipurpose drainage catheter features 
two pigtail coiling segments spaced at 5-cm intervals. Side holes facing the centripetal direction inside the 
loop were only present in the distal pigtail coiling—the mid-shaft and proximal coiling segments have no 
side holes. Suture fixation was only applied to the proximal coil.

a b
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on the analysis of the catheter’s inherent an-
choring efficacy and patient outcomes, cath-
eters that were self-removed by patients (n = 
5) were excluded from the study.

A total of 356 patients met these criteria 
and were divided into two groups based on 
the catheter design employed. The nDLC 
group comprised 135 patients, and the cSLC 
group included 221 patients. Demographic 
information, including age and sex, as well 
as clinical characteristics such as fluid loca-
tion (ascites or pleural effusion), underlying 
etiology (e.g., cardiac or renal failure, infec-
tion, portal hypertension, pneumoconiosis, 
or malignancy), and fluid type (transudate or 
exudate), were gathered (Figure 3).

Procedures

Four interventional radiologists per-
formed all the pleural or intra-abdominal 
drainage procedures in the interventional 

radiology suite. All four interventional ra-
diologists had over 5 years of procedural 
experience. Drainage catheter placement 
was performed under fluoroscopy and ul-
trasound guidance using the Seldinger 
technique as follows: (1) after confirmation 
of fluid collection in the lower thorax or 
dependent position in the supine (intra-ab-
dominal fluid drainage) or lateral decubitus 
position (pleural drainage), 1% lidocaine hy-
drochloride was locally administered at the 
skin surface of the prepared puncture site. 
Under ultrasound guidance, the fluid collec-
tion was punctured with an 18-gauge An-
giocath needle, and a few milliliters of fluid 
were aspirated. After dilation, an 8-F pigtail 
catheter was inserted over the introduced 
0.035-inch guidewire (Radifocus; Terumo, 
Tokyo, Japan) under fluoroscopic control. 
No suture anchoring was performed in the 
nDLC group because the second loop of the 
catheter was expected to prevent retraction 

effectively. However, all catheters in the cSLC 
group were secured with suture anchoring 
to ensure proper placement and prevent dis-
placement.

Catheter survival and complications

Clinical success was defined as an im-
provement in intra-abdominal or pleural 
fluid collection on follow-up radiographs 
without catheter dysfunction. The compli-
cation-free catheter indwelling time was 
defined as the catheterization period with-
out catheter dysfunction. If a catheter was 
exchanged or removed due to catheter dys-
function or catheter-related complications, 
it was treated as an uncensored event. If 
the patient was either discharged with the 
catheter or lost to follow-up without cathe-
ter dysfunction, the catheter indwelling time 
was determined as the period up to the last 
follow-up radiograph or the most recent 
assessment of drainage volume, and it was 
treated as a censored event. 

Major complications included dysfunc-
tional retraction, simple blockage, and 
complete dislodgement. Dysfunctional re-
traction is characterized by the outward pull-
ing of the pigtail loop, causing it to retract 
toward the chest or abdominal wall. This 
results in blockage of the last side hole of 
the drainage catheter, ultimately leading to 
catheter dysfunction. Simple blockage refers 
to an obstruction within the drainage cath-
eter without any displacement despite sub-
stantial residual fluid collection evident on 
simple radiographs or ultrasound. Complete 
dislodgement is defined as full displacement 
of the catheter tip outside the pleural or peri-
toneal cavity.

Statistical analysis

No formal a priori sample size calculation 
was conducted in this retrospective observa-
tional study. Post-hoc power analysis showed 
that the achieved sample sizes (n = 221 for 
cSLC, n = 135 for nDLC) provided > 95% 
power to detect the observed difference in 
the complication-free indwelling time (log-
rank test) and > 90% power to detect the 
difference in dysfunctional retraction rates 
(Fisher’s exact test) at α: 0.05. Continuous 
variables are reported as mean ± standard 
deviation, and categorical variables are pre-
sented as numbers (percentages). Compar-
isons between the novel and conventional 
catheter groups were conducted using the 
chi-square test or Fisher’s exact test for cat-
egorical variables and Student’s t-test for 
continuous variables. Kaplan–Meier survival 

Figure 3. Flowchart of patient selection for the study.
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analysis was used to calculate the indwelling 
time of each group. Statistical significance 
was set at P < 0.05.

Results
Demographic data, including patient 

characteristics and fluid composition, 
showed no significant differences between 
the two groups (Table 1). In the nDLC group, 
23.1% of patients had transudative fluids and 
76.9% had exudative fluids, whereas in the 
cSLC group, 25.9% had transudative fluids 
and 74.1% had exudative fluids; these differ-
ences were not statistically significant (P = 
0.372). Catheter dysfunction was observed 
in 28 cases (12.7%) in the cSLC group and in 
9 cases (6.7%) in the nDLC group. A signifi-
cant difference was noted in the incidence of 
dysfunctional retraction, with 10 occurrenc-

es in the cSLC group and none in the nDLC 
group (P < 0.05). Simple blockages were ob-
served in 18 cases (8.1%) with the cSLC and 
9 cases (6.7%) with the nDLC; however, this 
difference was not statistically significant (P 
= 0.609).

In total, 124 of the 135 patients in the 
nDLC group and 178 of the 221 patients in 
the cSLC group demonstrated improvement 
in intra-abdominal or pleural fluid collec-
tion on follow-up radiographic evaluations 
without catheter dysfunction. The clinical 
success rates for the nDLC and cSLC groups 
were 91.9% and 80.5%, respectively, with a 
statistically significant difference between 
the two groups (P < 0.05). The mean catheter 
indwelling time before the occurrence of an 
event (catheter dysfunction, catheter-related 
complications, discharge with a functioning 

catheter, or loss to follow-up) was 13 days 
in the nDLC group and 8.7 days in the cSLC 
group when the censored data were not 
considered. Kaplan–Meier survival analysis, 
which accounted for both censored and un-
censored data, demonstrated a significant 
difference in the complication-free catheter 
indwelling time between the two groups (P 
< 0.05; Figure 4a). The nDLC group showed a 
markedly longer mean indwelling time [72.1 
days, 95% confidence interval (CI): 54.0–90.1] 
than the cSLC group (20.4 days, 95% CI: 
18.8–22.0). This result indicates a substantial 
improvement in catheter function duration 
with the nDLC. (Table 2).

Subgroup analyses further confirmed 
the superiority of the nDLC in both drainage 
settings (P < 0.05 for both comparisons). In 
the pleural drainage subgroup, the mean in-
dwelling time was 36.9 days with the nDLC 
versus 20.7 days with the cSLC (Figure 4b). In 
the intra-abdominal drainage subgroup, the 
corresponding values were 77.5 vs. 19.1 days, 
respectively (Figure 4c). 

Discussion
The average indwelling time for drain-

age catheters used in the management of 
ascites or pleural effusion varies according 
to patient factors, the type of effusion, and 
catheter characteristics. For ascitic fluid 
drainage catheters, the mean indwelling 
time typically ranges from 5 to 14 days. Some 
studies have reported longer durations, with 
safe usage documented for up to 30 days in 
certain cases.4 Pleural drainage catheters ex-
hibit a mean indwelling time of 3–14 days. 
However, in cases of chronic pleural effusion 
requiring long-term management, indwell-
ing times may extend to several weeks or 
months.5 Therefore, the selection and devel-
opment of drainage catheters with improved 
performance for long-term use is necessary.

The main causes of catheter dysfunction 
can be categorized as catheter retraction, 
simple blockage, or complete dislodge-
ment. Catheter retraction is one of the most 
common types of catheter malfunction.4,6 
Catheter migration can occur due to respi-
ratory motion and routine movement even 
when the catheter is securely anchored to 
the skin.7,8 This phenomenon is more preva-
lent in newly inserted catheters without an 
established tract formation, potentially lead-
ing to a relatively high incidence of relatively 
short-term intra-abdominal or pleural drain-
age catheters. In addition, suture-mediated 
anchoring can lead to various complications, 
including tissue damage caused by exces-

Table 1. Baseline characteristics of the study patients

Single loop Double loop P value

No. of patients 221 135

Sex

0.733Men 107 67

Women 114 68

Age (years), mean ± SD 66.5 ± 15.6 69.9 ± 14.8 0.233

Fluid location

0.095Ascites 31 (14.0%) 24 (17.7%)

Pleural effusion 190 (86.0%) 111 (82.3%)

Etiology

0.057

Cardiac or renal failure 49 32

Infection 32 25

Portal hypertension 3 4

Pneumoconiosis 0 1

Malignancy 137 73

Nature of fluid

0.372Transudate 51 (23.1%) 35 (25.9%)

Exudate 170 (76.9%) 101 (74.1%)

SD, standard deviation.

Table 2. Summary of study outcomes

Single loop (n = 221) Double loop (n = 135) P value

Catheter dysfunction 28 9

Dysfunctional retraction 10 0 < 0.001

Simple blockage 18 9 0.295

Complete dislodgement 1 0 0.411

Clinical success
178 124

0.004
(80.5%) (91.9%)

Complication-free catheter (days)
Indwelling time (days) 20.4 72.1 0.012

Pleural 20.7 36.9 0.048

Intra-abdominal 19.1 77.5 0.007
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sive tension, leakage from improper track 
angles, catheter dislodgement (particularly 
in patients with obesity), and an increased 
risk of infection at suture sites.8 Considering 
these issues, Huang et al.8 proposed the use 
of internal pigtail loops for fixation instead 
of suture-mediated anchoring for long-term 
catheter use. In the present study, the nDLC 
group demonstrated significantly lower 
catheter retraction rates than the cSLC group 
despite the absence of suture-mediated an-
choring. Moreover, no complete dislodge-
ment was observed in the nDLC group. These 
findings suggest that the proximal coil of the 
nDLC effectively inhibited catheter retrac-
tion. Additionally, by eliminating the need for 
suture-based fixation, as typically required 
in conventional catheters, the nDLC design 
potentially reduces the risk of suture-related 
complications.

In this study, the cSLC group exhibited a 
higher blockage rate than the nDLC group 
(8.1% vs. 5.1%). Catheter obstruction can 
occur due to the accumulation of biologi-
cal materials, including proteins, fibrin, and 
cellular debris, within the catheter lumen or 
drainage ports, progressively narrowing or 
completely occluding the inner diameter of 
the catheter. In our experience, a substan-
tial amount of debris lodged only in the last 
hole of the pigtail coiling was frequently 
observed during the exchange of dysfunc-
tional drainage catheters. Fibrin and cellular 
debris accumulation appears to accelerate 
when the catheter is retracted, causing the 
last hole in the pigtail coil to be occluded by 
the chest wall. To address this, we designed a 
dual-loop catheter without side holes in the 
proximal coil. This design effectively reduced 
the catheter retraction rate while preventing 
the last side hole from contacting the chest 
wall, thereby eliminating the risk of fibrin and 
cellular debris accumulation and potentially 
reducing the simple blockage rate. Although 
the difference in the simple blockage rate 
did not achieve statistical significance in this 
study, we hypothesize that catheter block-
age may still occur due to the accumulation 
of biological materials when the drainage 
fluid volume decreases and the catheter con-
tacts the pleura or peritoneum. Further sys-
tematic and detailed observational studies 
are needed to investigate this phenomenon. 

This study has some limitations. First, it 
was retrospective in nature. However, to min-
imize bias, we compared consecutive cases 
of ascites and pleural drainage that were 
performed during the same period. To over-
come the limitations of this retrospective 
study, a prospective randomized controlled 

Figure 4. Kaplan–Meier curves showing the indwelling catheter survival time.

(a) Comparison between the novel double-loop catheter and conventional single-loop catheter in the 
overall cohort. (b) Subgroup analysis of the indwelling time for pleural drainage cases. (c) Subgroup analysis 
of the indwelling time for intra-abdominal drainage cases. nDLC, novel double-loop drainage catheter; cSLC, 
conventional single-loop catheter.

a

b
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trial comparing the nDLC and the cSLC is 
being planned. Second, this study focused 
solely on uncomplicated fluid drainage. 
The nDLC has a fixed 5 cm interval between 
the proximal and distal pigtail coils. This in-
terval might potentially reduce drainage ef-
ficacy in multiseptate complicated fluid col-
lections. As catheter use continues to expand 
to various conditions and indications, further 
evidence-based studies are warranted to im-
prove our understanding of this nDLC. Third, 
owing to the consecutive patient comparison 
during the same period, a high proportion of 
censored data was present (discharges with 
functioning catheters or loss to follow-up). 
This censoring can bias the simple mean 
indwelling time downward; therefore, we 
relied primarily on Kaplan–Meier estimates, 
which appropriately handle censoring, to 
compare catheter survival between groups. 
Another limitation is the lack of a subgroup 
comparison between the non-sutured nDLC 
and the non-sutured cSLC, which could have 
better delineated the role of suturing. This 
should be explored in future prospective 
studies. Furthermore, although simple block-
age showed a numerical reduction with the 
nDLC, the difference was not statistically sig-
nificant; thus, the proposed mechanism re-
mains suggestive and requires confirmation 
in larger studies. Moreover, multivariable 
adjustment was not performed due to the 

retrospective design and standardized ap-
proach. However, the numerical difference in 
malignancy prevalence warrants multivari-
able regression in future prospective studies 
to exclude confounding.

In conclusion, this nDLC effectively im-
proved the chronic issue of dysfunctional 
retraction associated with single-loop cathe-
ters. Notably, despite the absence of sutures, 
there were no instances of dysfunctional re-
traction or complete dislodgement, which 
suggests a lack of anchoring-related com-
plications. These characteristics indicate that 
this nDLC may be suitable for long-term use. 

Footnotes
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A B D O M I N A L  I M A G I N G
O R I G I N A L  A R T I C L E

I N T E R V E N T I O N A L  R A D I O L O G Y

Reduction of hemorrhagic complications after non-focal renal biopsy 
with pre-procedure desmopressin administration

PURPOSE
Ultrasound-guided non-focal renal biopsy (NFRB), which is performed to assess systemic renal pro-
cesses, is associated with a 1.5%–14% bleeding risk. The goal of this study is to evaluate the safety 
and efficacy of 1-deamino-8-D-arginine vasopressin (DDAVP, or desmopressin) in mitigating bleed-
ing risk when administered prior to NFRB.

METHODS
This retrospective observational study includes 158 patients who underwent NFRB between March 
2022 and June 2025 at the study hospital before and after the implementation of a DDAVP adminis-
tration protocol. Beginning in July 2023, every patient at the study site received intravenous DDAVP 
immediately before biopsy, regardless of renal function. Ultimately, 79 patients received DDAVP 
(the DDAVP group), and 79 did not receive the intervention (the non-DDAVP group). This study’s pri-
mary endpoint was clinically significant bleeding (resulting in unplanned admission; intervention 
for bleeding, such as angiography or surgery; and/or death) within 1 week of biopsy. Secondary 
endpoints were hyponatremia or a thromboembolic event within 1 week of biopsy. The data from 
patients in the two groups were compared using Mann–Whitney U tests for non-parametric data, 
Student’s t-tests for parametric data, and chi-squared tests for categorical data (with an alpha level 
of P < 0.05). 

RESULTS
Six of the 79 patients (8%) in the non-DDAVP group experienced a clinically significant hemorrhage, 
compared with 0 in the DDAVP group (P = 0.03). Sodium levels were not significantly different be-
tween the two groups post-procedure (P = 0.43). There was no significant difference in the rate of 
thromboembolic events between the two groups [2/79 (2.5%) in the non-DDAVP group vs. 3/79 
(3.8%) in the DDAVP group; P = 1.00]. The 5 patients (out of 158; 3.2%) who experienced a thrombo-
embolic event within 1 week of NFRB had been on anticoagulants or antiplatelet agents that were 
held for biopsy. 

CONCLUSION
DDAVP is associated with a reduction in unplanned hospitalizations and bleeding interventions 
(angiography and embolization) after NFRB, without an observed increase in thromboembolic 
events.

CLINICAL SIGNIFICANCE
Routine DDAVP administration before NRFB significantly reduces clinically significant bleeding, 
supporting its potential role as a simple prophylactic strategy.
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Non-focal renal biopsy, desmopressin, hemorrhage
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Ultrasound-guided percutaneous non-fo-
cal renal biopsy (NFRB) is performed to 
assess systemic processes affecting 

the kidneys, such as nephropathies.1 The 
Society of Interventional Radiology (SIR) 
considers NFRB to carry a high bleeding risk, 
with a threshold adverse event rate of 5%.2 
Bleeding after NFRB has been reported in up 
to 14% of cases,3 with risk factors including 
a low estimated glomerular filtration rate 
(eGFR), hypertension, prolonged bleed-
ing time, acute tubular necrosis, vasculitis, 
systemic lupus erythematosus, female sex, 
younger age, abnormal coagulation factors, 
anticoagulant or antiplatelet agent use, and 
anemia.4-7 Hemorrhage after NFRB is partic-
ularly concerning, since anemia and a low 
eGFR yield a high risk of contrast-induced 
nephropathy, should contrast angiography 
be required.8 

The administration of 1-deamino-8-D-
arginine vasopressin (DDAVP, or desmopres-
sin), a synthetic analogue of vasopressin that 
increases blood plasma levels of the von Will-
ebrand factor and clotting factor VIII, has been 
proposed to minimize bleeding risk. Theoret-
ically, DDAVP could reverse uremia-mediated 
prolonged bleeding times, impaired platelet 
aggregation, and von Willebrand factor dys-
function.9 Systematic reviews suggest that 
there is insufficient high-quality evidence 
to support the routine use of DDAVP be-
fore NFRB.10 Additionally, DDAVP may cause 
adverse events resulting from hypercoag-
ulable states, including thromboembolic 
events and metabolic derangements (e.g., 
hyponatremia).11 There is controversy in the 
literature regarding the use of DDAVP, with 
some studies showing a benefit and others 
showing none.10 A recent randomized study 
demonstrated that DDAVP administration 
in patients undergoing biopsy resulted in 

fewer and smaller perirenal hematomas, re-
gardless of baseline renal function,12 though 
there were no differences in the need for in-
terventions such as arterial embolization or 
hospital admission in this study. Based on 
this paper, a DDAVP administration protocol 
was initiated at our academic institution for 
all patients undergoing NFRB, and data were 
collected on all biopsies performed before 
and after the instatement of this protocol to 
assess the safety and efficacy of DDAVP in 
lowering bleeding risk.

Methods
This single-center retrospective observa-

tional study, conducted at Charleston Area 
Medical Center in Charleston, West Virginia, 
complies with the Health Insurance Portabil-
ity and Accountability Act and was approved 
by the Charleston Area Medical Center In-
stitutional Review Board (protocol number: 
#23-935, date: 03.06.2023). One-hundred 
fifty-eight patients who underwent ultra-
sound-guided NFRB, performed by two 
interventional radiologists with 11 and 31 
years of experience, between March 2022 
and June 2025 were included (Figure 1). Due 
to its retrospective nature, informed con-
sent was not required for this study. Initially, 
DDAVP was not administered to any patient 
peri-procedurally. Beginning in July 2023, 
every patient was administered DDAVP in-
travenously (0.3 mcg/kg) within 1–2 hours 
before biopsy, regardless of renal function. 
Ultimately, 79 patients received DDAVP (the 
DDAVP group), and 79 did not receive the 
intervention (the non-DDAVP group). One 
operator who joined the practice in May 
2023 performed NFRPs under both comput-

ed tomography and ultrasound guidance. 
For consistency across cases and to allow for 
meaningful comparisons, this analysis was 
limited to procedures performed with ultra-
sound guidance.

Biopsies were performed using a 17-gauge 
coaxial guide to obtain 18-gauge cores, with 
the on-site assessment of specimen adequa-
cy performed by trained cytotechnologists. 
The obtained tracts were embolized with an 
absorbable gelatin sponge. Anticoagulants 
and antiplatelet agents were always held, 
according to SIR practice guidelines.13 Blood 
pressure was controlled such that systolic 
blood pressure (SBP) was maintained below 
140 mmHg. Inpatients were not accepted for 
biopsy unless their SBP was < 140 mmHg. If a 
patient’s pressure was elevated upon arrival 
to the interventional radiology unit, 10 mg of 
intravenous hydralazine was administered. If 
their SBP was < 150 mmHg, the patient was 
placed in a prone position, and intravenous 
midazolam and fentanyl were administered. 
If their SBP was still > 140 mmHg, a second 
dose of hydralazine was administered. If the 
patient’s SBP was still not < 140 mmHg, the 
procedure was aborted and rescheduled 
with anesthesiologic support. Patients were 
recovered for ≥ 2 hours on strict bedrest in a 
supine position, either in their inpatient beds 
or in a recovery space, prior to discharge. 

Patients who underwent biopsies were 
identified by a search of the institution’s pic-
ture archiving and communication system. 
Demographic characteristics, laboratory in-
formation, vital signs, hospitalization status, 
and other interventions were gleaned from 
medical charts. The primary endpoint of this 

Main points

•	 Non-focal renal biopsy (NFRB), performed 
to evaluate systemic renal disease, carries 
a bleeding risk that may be reduced by the 
administration of desmopressin (DDAVP or 
1-deamino-8-D-arginine vasopressin) im-
mediately before the procedure.

•	 A clinically significant hemorrhage occurred 
in 8% of the patients who did not receive 
DDAVP, compared with 0% of those who re-
ceived DDAVP.

•	 No differences in the rates of hyponatremia 
or thromboembolic events were observed 
between the two groups.

•	 Routine DDAVP administration before NFRB 
may improve patient safety by preventing 
major bleeding.

Figure 1. Study flowchart. DDAVP, 1-deamino-8-D-arginine vasopressin (desmopressin).
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study was clinically significant hemorrhage. 
Given the high rate of transfusions for ane-
mia in patients with renal failure, clinically 
significant hemorrhage was defined as hos-
pital admission, angiography with or with-
out embolization, and surgery to control 
bleeding within 1 week of biopsy. Secondary 
endpoints were a thromboembolic event 
within 1 week of biopsy and hyponatremia. 
Thromboembolic events were defined as 
stroke, myocardial infarction, and other em-
bolic complications and were determined 
based on their documentation in consulta-
tion notes. Sodium and hemoglobin levels 
were observed within 24 hours before and 
after biopsy.

Statistical analysis

Data analysis was performed using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA).
Comparisons of continuous variables were 
conducted using Mann–Whitney U tests for 

abnormally distributed data and represent-
ed as median (interquartile range; range), 
and Student’s t-tests were used for normally 
distributed data and represented as (mean ± 
standard deviation; range). Categorial data 
were compared using chi-squares tests and 
Wilson confidence intervals (CIs)—or Fisher’s 
exact test and a Clopper–Pearson for CIs (for 
binomial variables)—and presented as num-
ber (n), proportion (%), and CI, as dictated 
by the data. Alpha was set to P < 0.05 for all 
tests. Multivariate analysis was completed 
using Firth’s bias-reduced logistic regression.

Results
The patients in the non-DDAVP group 

were older on average than their counter-
parts in the DDAVP group but matched 
them in terms of baseline renal function 
(Table 1). Most often, three core biopsies 
were obtained. The median dose of DDAVP 
administered was 25 (13.6; 12–43.7) mcg in 

the DDAVP group. Sodium and hemoglobin 
levels did not differ between the two groups 
before or after the procedure (Table 2). Blood 
transfusion within 48 hours of biopsy was the 
same for both groups (Table 2).

Six of the 79 patients (8%) in the non-
DDAVP group experienced a clinically sig-
nificant hemorrhage within 1 week of biop-
sy, compared with 0 patients in the DDAVP 
group (P = 0.03) (Table 2). Among these 6 
patients (Table 3), the median pre-proce-
dure eGFR was 29.5 (14; 6–83), compared 
with 30 (34; 6–100) among the patients in 
the non-DDAVP group who did not experi-
ence clinically significant bleeds (P = 0.82). 
No patient required surgery to stop bleeding 
after biopsy, and there were no deaths. In 
both groups, there were patients who expe-
rienced a stroke or myocardial infarction, but 
the odds of thromboembolic events were 
not significantly different between the two 
groups (odds ratio: 1.52; 95% CI: 0.25–9.35). 

Table 1. Baseline characteristics

Characteristic w/o DDAVP w/ DDAVP P value

Number of patients (n)* 79 79

Mean age (years) 59 ± 14 54 ± 18 0.04

Male gender (n [%]) 38 (48.1%) 43 (54.4%) 0.43

Performed on inpatient basis (n [%]) 29 (36.7%) 44 (55.7%) 0.02

Number of cores (median [IQR; range]) 3 (1; 2–11) 3 (1; 2–7) 0.10

Maximum SBP during biopsy (mmHg) (mean ± SD) 123.8 ± 13.0 120.6 ± 15.6 0.16

DBP during biopsy (mmHg) (mean ± SD) 69.1 ± 10.1 67.1 ± 12.9 0.30

Hemoglobin before biopsy (g/dL) (median [IQR; range]) n = 45, 9.5 (2.4; 6.7–17.7) n = 57, 9.4 (2.9; 7.2–19.4) 0.50

eGFR before biopsy (mL/min) (median [IQR; range])* n = 76, 30.0 (33; 6–100) 23.0 (38; 4–128) 0.39

Sodium before biopsy (mmol/L) (mean ± SD; range) n = 44, 136.8 ± 4.3; 126–145) n = 57, 137.19 ± 3.3; 130–144 0.61

*n = 79, except where otherwise noted. 
DDAVP, 1-deamino-8-D-arginine vasopressin (desmopressin); IQR, interquartile range; SBP, systolic blood pressure; SD, standard deviation; DBP, diastolic blood pressure; eGFR, 
estimated glomerular filtration rate; w/o, without; w/, with.

Table 2. Adverse events and laboratory changes after biopsy

Characteristic w/o DDAVP w/ DDAVP P value

Number of patients (n)* 79 79

Sodium after biopsy (mmol/L) (mean ± SD; range) n = 36, 136 ± 3.81; 130–147 n = 46, 137 ± 3.96; 130–146 0.43

Hemoglobin after biopsy (g/dL) (median [IQR; range])* n = 36, 9.2 (2.0; 6.7–16.6) n = 46, 8.8 (2.9; 6.5–15.8) 0.28

Blood transfusion within 48 h 8 (10.1%) 8 (10.1%) 1.00

Clinically significant hemorrhage within 1 week (n [%; 95% CI]) 6 (7.6%; 0.03–0.16) 0 (0%; 0.95–1.00) 0.03**

Unplanned admission only (n [%; 95% CI]) 2 (2.5%; 0.003–0.089) 0 (0%; 0.95–1.00) 0.50**

Angiography only (already admitted) (n [%; 95% CI]) 1 (1.3%; 0.0003–0.069) 0 (0%; 0.95–1.00) 1.00**

Unplanned admission and angiography (n [%; 95% CI]) 3 (3.8%; 0.008–0.107) 0 (0%; 0.95–1.00) 0.25**

Surgery for bleeding control (n [%; 95% CI]) 0 (%; 0.95–1.00) 0 (0%; 0.95–1.00)

Thromboembolic event within 1 week (n [%; 95% CI]) 2 (2.5%; 0.003–0.089) 3 (3.8%; 0.008–0.107) 1.00**

Myocardial infarction (n [%; 95% CI]) 1 (1.3%; 0.0003–0.069) 2 (2.5%; 0.003–0.089) 1.00**

Stroke/transient ischemic attack (n [%; 95% CI]) 1 (1.3%; 0.0003–0.069) 1 (1.3%; 0.0003–0.069) 1.00**

*n = 79, except where otherwise noted; **Fisher’s exact test. 
DDAVP, 1-deamino-8-D-arginine vasopressin (desmopressin); SD, standard deviation; IQR, interquartile range; CI, confidence interval; w/o, without; w/, with.
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All 5 patients who experienced thrombo-
embolic events within 1 week of biopsy had 
been on an anticoagulant or antiplatelet 
therapy that was held, as per SIR guidelines, 
for biopsy. A regression model that evaluat-
ed covariates—including 1) the use or non-
use of DDAVP; 2) eGFR levels, broken into 
three ranges (≥ 45, ≥ 15 to < 45, and < 15); 
3) the number of cores obtained (≤ 4 or > 4); 
4) age (≥ 65 or < 65 years); and 5) visit status 
(inpatient or outpatient)—and considered 
155 patients showed that those who did not 
receive DDAVP were 13.8 times (95% CI: 1.0–
185.0) more likely to experience a clinically 
significant hemorrhage (P = 0.048). No other 
covariates were significant.

Discussion
In this single-center retrospective study, 

DDAVP administration before NFRB was as-
sociated with a significant reduction in the 
risk of clinically significant hemorrhage. The 
patients who received DDAVP were adminis-
tered the intervention regardless of baseline 
renal function. No differences in thrombo-
embolic events or hyponatremia were ob-
served between the two groups in this co-
hort. Our findings suggest that the routine 
administration of DDAVP before NFRB may 
prevent hemorrhagic complications, which 
are associated with worse outcomes and in-
creased healthcare costs. 

This study differs from prior literature in 
two ways. First, this study focused on clinical-
ly significant bleeds, whereas prior research 
investigated hematomas after biopsy, which 
are common but do not necessarily result 
in a need for intervention.12 Second, DDAVP 
administration in this study proceeded re-
gardless of baseline eGFR, unlike prior re-
ports.14 Low eGFR is a risk factor for bleeding 

after NFRB due to uremic platelet dysfunc-
tion, which may be reversed by DDAVP. For 
patients with no coagulopathies or uremia, 
DDAVP may lower bleeding risk by stimulat-
ing the release of the von Willebrand factor, 
improving platelet adhesion and aggrega-
tion, and enhancing clotting activity.15 

The lack of an observed increase in throm-
boembolic events or hyponatremia provides 
reassurance for the broader use of DDAVP 
prior to biopsy. DDAVP is an antidiuretic 
agent that promotes water retention, po-
tentially leading to hyponatremia, though 
this was not observed in the current study. 
DDAVP also has thrombogenic properties 
that could cause major thromboembolic 
events, including stroke and myocardial in-
farction. It may be that the holding of antico-
agulants and antiplatelet agents itself leads 
to the observed risk of stroke and myocardial 
infarction, regardless of DDAVP administra-
tion. The finding that NFRB is associated with 
a 3%–5% risk of stroke or myocardial infarc-
tion is important to note when counseling 
patients who are on antiplatelet or anticoag-
ulant medications and who are planning to 
undergo NFRB.

This study has several limitations. Its retro-
spective, non-randomized design inherently 
limits our ability to establish causality and 
is subject to incomplete data and unmea-
sured confounders. Patients who received 
DDAVP were not matched to those who 
did not, which may have resulted in selec-
tion bias. In particular, biopsies performed 
without DDAVP administration were more 
commonly performed on an outpatient ba-
sis and on older patients. Additionally, the 
study was conducted over a 3-year period, 
during which time an evolution in proce-
dural techniques, operator experience, and 

institutional practice patterns may have oc-
curred, potentially introducing temporal and 
procedural biases. As a single-center study, 
these findings may not be generalizable to 
other settings. Data on potential confound-
ers, such as platelet and clotting function, 
which may influence bleeding outcomes, 
were not consistently available. Finally, this 
study was not adequately powered to de-
tect a difference in very rare observations, 
such as thromboembolic events. Given the 
low absolute difference in the rate of stroke 
and myocardial infarction between the two 
groups (1.3%), approximately 4,000 patients 
per group would be required to achieve 90% 
power at an alpha level of 0.05. Future pro-
spective randomized studies with larger and 
more diverse cohorts would help confirm 
these findings and clarify the role of DDAVP 
in reducing bleeding complications after 
NFRB in all patients, regardless of renal func-
tion.

In conclusion, DDAVP administration im-
mediately before NFRB is associated with a 
decrease in unplanned hospitalizations and 
angiographic procedures, with no observed 
increase in thromboembolic events or hy-
ponatremia. The routine administration of 
DDAVP prior to NFRB may mitigate hemor-
rhagic complications. 

Footnotes

Conflict of interest disclosure 

Dr. Deipolyi is a paid consultant for Boston 
Scientific, Inc., and Varian, Medical. The other 
authors have no conflicts of interest.

References
1.	 Uppot RN, Harisinghani MG, Gervais DA. 

Imaging-guided percutaneous renal biopsy: 
rationale and approach. AJR Am J Roentgenol. 
2010;194(6):1443-1449. [Crossref]

2.	 Sheth RA, Baerlocher MO, Connolly BL, et al. 
Society of Interventional Radiology Quality 
improvement standards on percutaneous 
needle biopsy in adult and pediatric patients. 
J Vasc Interv Radiol. 2020;31(11):1840-1848. 
[Crossref]

3.	 Corapi KM, Chen JL, Balk EM, Gordon CE. 
Bleeding complications of native kidney 
biopsy: a systematic review and meta-analysis. 
Am J Kidney Dis. 2012;60(1):62-73. [Crossref]

4.	 Deipolyi A, Leonardo F, Hahn PF, et al. 
Predictors of hemorrhagic complications after 
ultrasound-guided nonfocal renal biopsy. J 
Prev Epidemiol. 2016;1(2):e11. [Crossref]

5.	 Manno C, Strippoli GF, Arnesano L, et al. 
Predictors of bleeding complications in 
percutaneous ultrasound-guided renal 

Table 3. Characteristics of patients with clinically significant hemorrhage after biopsy

Patient 1 2 3 4 5 6

Age (years) 66 29 61 75 75 39

Gender M F M F F F

Number of cores 3 5 4 6 3 5

Maximum SBP (mmHg) 146 120 132 108 114 120

eGFR 20 6 32 27 34 83

Hemoglobin (g/dL) before 13.4 6.7 11.8 12.3 9.7 13.5

Hemoglobin (g/dL) after 14 8.5 10 11.4 7.1 8.8

Blood transfusion No Yes Yes No Yes Yes

Unplanned admission Yes Yes Yes Yes No* Yes

Angiography No Yes Yes No Yes Yes

Embolization Yes No No Yes

*Already admitted.
SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate.

https://doi.org/10.2214/AJR.10.4427
https://doi.org/10.1016/j.jvir.2020.07.012
https://doi.org/10.1053/j.ajkd.2012.02.330
https://jprevepi.com/PDF/jpe-1-e11.pdf


 

Dugan et al. • 845

biopsy. Kidney Int. 2004;66(4):1570-1577. 
[Crossref]

6.	 Shidham GB, Siddiqi N, Beres JA, et al. Clinical 
risk factors associated with bleeding after 
native kidney biopsy. Nephrology (Carlton). 
2005;10(3):305-310. [Crossref]

7.	 Whittier WL, Korbet SM. Timing of complications 
in percutaneous renal biopsy. J Am Soc Nephrol. 
2004;15(1):142-147. [Crossref]

8.	 Haber ZM, Charles HW, Erinjeri JP, Deipolyi 
AR. Predictors of active extravasation and 
complications after conventional angiography 
for acute intraabdominal bleeding. J Clin Med. 
2017;6(4):47. [Crossref]

9.	 Cattaneo M, Mannucci PM. Desmopressin 
(DDAVP). In: Michelson AD, Cattaneo M, 
Frelinger AL, Newman PJ, editors. Platelets. 
4th ed. Cambridge (MA): Academic Press; 
2019. p. 1111-1120. [Crossref]

10.	 Lim CC, Tan HZ, Tan CS, Healy H, Choo J, 
Franca Gois PH. Desmopressin acetate to 
prevent bleeding in percutaneous kidney 

biopsy: a systematic review. Intern Med J. 
2021;51(4):571-579. [Crossref]

11.	 Goad N, Levesque M. Role of desmopressin 
in the critical care setting. AACN Adv Crit Care. 
2020;31(1):5-11. [Crossref]

12.	 Sattari SA, Shahoori A, Shahbazian H, et 
al. Desmopressin acetate in percutaneous 
ultrasound-guided native kidney biopsy in 
patients with reduced kidney function: a 
double-blind randomized controlled trial. Iran 
J Kidney Dis. 2022;16(4):238-245. [Crossref]

13.	 Patel IJ, Rahim S, Davidson JC, et al. Society 
of Interventional Radiology Consensus 
Guidelines for the periprocedural 
management of thrombotic and bleeding 
risk in patients undergoing percutaneous 
image-guided interventions-part II: 
recommendations: endorsed by the Canadian 
Association for Interventional Radiology 
and the Cardiovascular and Interventional 
Radiological Society of Europe. J Vasc Interv 
Radiol. 2019;30(8):1168-1184.e1. [Crossref]

14.	 Ho QY, Lim CC, Thangaraju S, et al. Bleeding 
complications and adverse events after 
desmopressin acetate for percutaneous renal 
transplant biopsy. Ann Acad Med Singap. 
2020;49(2):52-64. [Crossref]

15.	 Wang C, Lebedeva V, Yang J, et al. 
Desmopressin to reduce periprocedural 
bleeding and transfusion: a systematic review 
and meta-analysis. Perioper Med (Lond). 
2024;13(1):5. [Crossref] 

https://doi.org/10.1111/j.1523-1755.2004.00922.x
https://doi.org/10.1111/j.1440-1797.2005.00394.x
https://doi.org/10.1097/01.asn.0000102472.37947.14
https://doi.org/10.3390/jcm6040047
https://www.sciencedirect.com/book/9780128134566/platelets
https://doi.org/10.1111/imj.14774
https://doi.org/10.4037/aacnacc2020815
https://doi.org/https://pubmed.ncbi.nlm.nih.gov/35962638/
https://doi.org/10.1016/j.jvir.2019.04.017
https://pubmed.ncbi.nlm.nih.gov/32246706/
https://doi.org/10.1186/s13741-023-00358-4


©Copyright  2026 Author(s) - Available online at dirjournal.org.
Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

846

O R I G I N A L  A R T I C L E

I N T E R V E N T I O N A L  R A D I O L O G Y

PURPOSE
This study aimed to compare the safety and efficacy of two resorbable microparticles in a porcine 
kidney model, focusing on recanalization and tissue injury outcomes over a 7-day follow-up period.

METHODS
This exploratory proof-of-concept study included 10 pigs, each undergoing embolization of the 
upper polar arteries in both kidneys, resulting in 20 treated kidneys (10 per group). Angiograph-
ic evaluations were performed on all 20 treated kidneys (10 per group) across the 10 animals at 
immediate, 2-hour, 1-day, and 7-day post-embolization time points. Histopathologic evaluations 
were performed on 5 animals per group (5 kidneys per group). The primary endpoint was complete 
angiographic recanalization at 7 days. Secondary endpoints included early recanalization at 2 hours 
and 1 day and histopathologic tissue injury. In Group A, the right upper polar artery was embolized 
with spherical gelatin microparticles (Nexsphere-F®), whereas in Group B, the left upper polar ar-
tery was embolized with irregular microparticles (KIPZA®). Approximately 5–10 mL of microparticle 
suspension was injected per kidney; the mean embolization time per kidney was 30 ± 5 minutes.

RESULTS
At 2 hours post-embolization, complete recanalization was observed in all Nexsphere-F kidneys 
and in 9 of 10 KIPZA kidneys; 1 KIPZA kidney showed partial recanalization. Full recanalization was 
observed in all kidneys by day 7. Histopathologic evaluation (5 kidneys per group) revealed no 
residual emboli or parenchymal infarction in Group A. In Group B, minimal microparticle residue 
and focal infarction (mean infarcted area 2.78% ± 1.33%) were observed, along with endothelial 
proliferation in arcuate and interlobular arteries.

CONCLUSION
In this exploratory pilot study, embolization with both Nexsphere-F and KIPZA microparticles re-
sulted in early recanalization and minimal tissue injury. These proof-of-concept findings suggest 
that both microparticles may be suitable for temporary embolization when organ preservation is 
paramount, although larger powered studies with disease models and longer follow-up are need-
ed.

CLINICAL SIGNIFICANCE
These preliminary data support the potential of resorbable microparticles for temporary emboliza-
tion, emphasizing their use in scenarios requiring parenchymal preservation and underscoring the 
need for further research.

KEYWORDS
Microparticles, organ preservation, angiography, embolization, therapeutic, embolic agent

You may cite this article as: Choi WS, Kim KY, Lee C, et al. Comparative evaluation of two resorbable microparticles in a porcine kidney model: angiographic 
and pathologic outcomes. Diagn Interv Radiol. 2026;32(6):846-851.

Transarterial embolization (TAE) is a cornerstone technique in interventional radiology, 
widely used to manage hemorrhage, target tumor vasculature, and treat vascular disor-
ders.1-5 Permanent embolic agents, such as polyvinyl alcohol particles and tris-acryl mi-

croparticles, have been the standard for achieving sustained occlusion.6 However, their pro-
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longed presence can cause ischemic injury 
to non-target tissues, particularly in sensitive 
regions, such as the kidneys, liver, or repro-
ductive organs, where ischemia may impair 
function or limit future therapeutic options.7 
These limitations highlight the need for tem-
porary embolization agents that provide 
effective occlusion while minimizing long-
term tissue damage.

Resorbable microparticles have recent-
ly emerged as promising alternatives for 
TAE, offering controlled, temporary occlu-
sion with predictable degradation.8-11 These 
agents have shown therapeutic benefits 
across diverse applications. For example, re-
sorbable microparticles have been used in 
uterine artery embolization to treat fibroids 
while preserving fertility.11 In genicular ar-
tery embolization for osteoarthritis, tempo-
rary occlusion reduces inflammation without 
causing permanent vascular damage.9 Addi-
tionally, in transarterial chemoembolization 
for liver tumors, resorbable microparticles 
enhance chemotherapy delivery and reduce 
surrounding tissue injury by aligning with 
drug pharmacokinetics.10

Despite their growing use, the unique 
characteristics of resorbable microparticles, 
such as composition and morphology, re-
main underexplored. These features influ-
ence their safety, efficacy, and suitability for 
different clinical contexts. Detailed evalua-
tions are essential to optimize their use for 
temporary embolization, particularly in or-
gan-preserving interventions.

In this study, we compare the angiograph-
ic and histopathological outcomes of two dis-
tinct resorbable microparticles, Nexsphere-F 
(Nextbiomedical, Incheon, Republic of Ko-
rea) and KIPZA (Engain, Hwaseong, Repub-
lic of Korea), in a porcine kidney model. The 
findings provide insights into their potential 
applications and limitations for temporary 
embolization, addressing the critical need for 

informed selection of embolic agents in clini-
cal settings requiring organ preservation.

Methods

Animal model

This study was approved by the Institu-
tional Animal Care and Use Committee of 
Seoul National University Bundang Hospital 
(protocol number: BA-2007-301-085, date: 
30.01.2025) and was conducted in compli-
ance with the Animal Research: Reporting of 
In Vivo Experiments 2.0 guidelines to ensure 
ethical and accurate reporting of animal re-
search.12 Ten male farm pigs (30–40 kg) were 
housed under standard conditions with free 
access to food and water and received veteri-
nary oversight throughout the study.

This investigation was an exploratory 
proof-of-concept study; therefore, no formal 
sample size calculation was performed. Ten 
pigs were selected to allow bilateral with-
in-animal comparisons, and the findings 
should be interpreted as hypothesis-gener-
ating. Following embolization, the animals 
were monitored for welfare, analgesia, and 
post-procedural complications. Analgesia 
was provided via intramuscular ketopro-
fen (3 mg/kg) as needed. The animals were 
evaluated hourly for appetite, behavior, and 
signs of distress by veterinary staff using 
predefined welfare assessment criteria. On 
day 7, after the final angiography and under 
deep anesthesia, the animals were humanely 
euthanized by intravenous potassium chlo-
ride injection.

Renal arteriography and embolization

All procedures were performed by a 
board-certified interventional radiologist. 
On the day of the experiment, the animals 
were pretreated with an injection of atro-
pine (Jeil Pharmaceutical, Seoul, Republic 
of Korea) 0.05 mg/kg and the antibiotic ‘Ba-
ytril (Bayer, Leverkusen, Germany) 5 mg/kg, 
and then anesthesia was induced with in-
tramuscular injections of Zoletil 50 (Virbac, 
Carros, France) 5 mg/kg and Rompun (Bayer, 
Leverkusen, Germany) 2 mg/kg. After in-
duction, the animals were transferred to the 
laboratory, and tracheal intubation was per-
formed. Respiratory anesthesia was main-
tained at 5–10 mL/kg/min with FORANE (JW 
Pharmaceutical, Seoul, Republic of Korea) 
and O2 in a ratio of 1-1.5 using a Primus respi-
ratory anesthesia machine (Drager, Lübeck, 
Germany). The pigs were positioned supine 
in a dedicated angiography suite (Axiom Ar-
tis Zee, Siemens, Forchheim, Germany). Right 

femoral artery access was obtained through 
ultrasound-guided puncture, followed by in-
sertion of a 5-F angiographic guide catheter 
(Davis, Cook Medical, Bloomington, IN, USA) 
and a 1.7-F microcatheter (Progreat Lambda, 
Terumo, Tokyo, Japan). Bilateral renal and up-
per polar angiograms were then performed.

Each animal underwent embolization 
of the upper polar arteries in both kidneys. 
For procedural consistency, the right upper 
polar artery was embolized with resorbable 
gelatin microparticles (100–300  µm; Nex-
sphere-F®, Nextbiomedical, Incheon, Repub-
lic of Korea), and the left upper polar artery 
was embolized with resorbable micropar-
ticles of the same size range (100–300  µm; 
KIPZA®, Engain, Hwaseong, Republic of Ko-
rea). Follow-up angiography was performed 
immediately and at 2 hours, 1 day, and 7 days 
post-embolization to assess recanalization. 
After the final angiography on day  7, 5 of 
the 10 pigs were randomly selected for his-
topathologic evaluation to minimize animal 
sacrifice while enabling robust comparative 
analysis; these animals were euthanized un-
der deep anesthesia, and both treated renal 
segments were harvested for pathologic 
analysis (5 kidneys per group) (Figure 1).

Nexsphere-F® consists of uniform spher-
ical gelatin-based microparticles (100–
300  µm) with smooth surfaces, whereas 
KIPZA® comprises irregularly shaped gel-
atin-based microparticles (100–300  µm) 
with rough surfaces. All microparticles were 
prepared by hydration with 2 mL of normal 
saline, followed by the addition of approx-
imately 8 mL of contrast medium and thor-
ough mixing. Subsequently, 5–10 mL of the 
suspension was injected per kidney until 
near stasis was achieved. The mean proce-
dure time per kidney (from catheter place-
ment to completion of embolization) was 
30 ± 5 minutes.

Angiographic recanalization was grad-
ed by two independent interventional ra-
diologists using a modified Thrombolysis 
in Myocardial Infarction (TIMI) scale (0:  no 
perfusion; 1:  minimal perfusion; 2:  partial 
recanalization; 3:  complete recanalization). 
Reviewers were blinded to group allocation; 
disagreements were resolved by consensus. 

Endpoints

The primary endpoint was complete an-
giographic recanalization at 7 days post-em-
bolization. Secondary endpoints included 
early angiographic recanalization at 2 hours 
and 1 day and histopathologic parameters, 
including the presence of residual micropar-

Main points

•	 Embolization with Nexsphere-F and KIPZA 
resorbable microparticles in porcine kid-
neys demonstrated early recanalization, 
minimal inflammatory reaction, and no sig-
nificant tissue injury.

•	 Effective, safe, and temporary vascular oc-
clusion with minimal tissue injury is possible 
with both microparticles.

•	 Our findings suggest that Nexsphere-F and 
KIPZA resorbable microparticles are suitable 
for temporary embolization applications, in 
which preservation of the organ parenchy-
ma is essential.
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ticles, infarcted area percentage, inflamma-
tory cell infiltration, and endothelial prolifer-
ation.

Histopathological analysis

To minimize bias, kidney specimens from 
each pig were sent to an independent lab-
oratory (HLB BioStep, Incheon, Republic of 
Korea) for blinded analysis. Each kidney was 
bisected longitudinally and transversely sec-
tioned to produce 12 slides per specimen. 
The pathological evaluation focused on pa-
renchymal infarction and inflammatory cell 
infiltration, and the infarcted area was quan-
tified as a percentage of the total cross-sec-
tional area using ImageJ software (Bethesda, 
Maryland, USA). Prior to histological process-
ing, each kidney was visually inspected for 
surface discoloration and textural changes 
as indicators of infarction. Tissue samples 
were stained with hematoxylin and eosin to 
detect residual embolic agents, lymphocyte 
and macrophage infiltration, and reactive 
endothelial cell proliferation.

The histopathologic assessment was in-
dependently performed by two board-certi-
fied pathologists blinded to group allocation. 
They quantified infarcted tissue and inflam-
mation and noted endothelial proliferation. 

Statistical analysis

Because this was an exploratory pilot 
study without a formal sample size calcula-
tion, statistical analyses were descriptive and 
hypothesis-generating. Inter-rater reliability 
for histopathologic assessments was evalu-
ated using Cohen’s κ statistic.

Given the exploratory pilot design and 
small sample size, the analyses were primar-
ily descriptive, focusing on effect sizes and 
paired comparisons without prespecified 
hypothesis testing. The normality of contin-
uous variables was evaluated using the Sha-
piro–Wilk test. Paired comparisons (right vs. 
left kidney) used paired t-tests for normally 
distributed outcomes and Wilcoxon signed-
rank tests otherwise to generate exploratory 
P values; however, these should be interpret-
ed cautiously and without strict significance 
thresholds.

Results

Angiographic evaluation

Pre-embolization angiography showed 
no significant variations in the renal vascu-
lature of any pig. Immediately after embo-
lization, angiography confirmed complete 

occlusion of the arteries supplying the em-
bolized upper poles of the kidneys. At the 
2-hour follow-up, restored blood flow and 
full parenchymal staining were observed in 
the right kidneys of all animals treated with 
Nexsphere-F (TIMI 3) (Figure 2). Among the 
left kidneys treated with KIPZA, partial re-
canalization (TIMI 2) was observed in 1 ani-
mal, whereas the remaining animals showed 
complete recanalization (TIMI 3) at this time 
point (Figure 3). Follow-up angiograms at 1 
and 7 days post-embolization revealed full 
recanalization with restored parenchymal 
staining in all pigs.

Qualitative and quantitative histopatho-
logical analysis

On day 7, after bilateral renal angiography, 
all animals were sacrificed, and the kidneys 
were harvested. Gross examination revealed 
no significant abnormalities in the kidneys 
treated with either product. Histological 
evaluation revealed no residual emboli and 
no lymphocyte or macrophage infiltration in 
the Nexsphere-F group, with no evidence of 
parenchymal infarction. The inter-rater reli-
ability for assessing parenchymal infarction 
and endothelial proliferation was excellent 
(Cohen’s κ: 0.92).

Figure 2. Baseline and follow-up angiography post-embolization of Groups A and B. Serial angiographic 
images display blood flow in treated renal segments at baseline, immediately post-embolization, 2 hours 
post-embolization, 1 day post-embolization, and 7 days post-embolization (arranged chronologically from 
left to right). The top row (Group A) and bottom row (Group B) represent representative cases chosen to 
illustrate typical recanalization patterns; all animals demonstrated similar findings. Full recanalization with 
restored perfusion was observed at the 2-hour mark and maintained through day 7 in Group A. Partial 
recanalization was observed at 2 hours post-embolization in Group B, with flow fully restored by day 7.

Figure 1. Flowchart of experimental procedure. The flowchart illustrates the embolization procedure 
performed on the upper polar artery in both groups.

Group A

Group B
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In the KIPZA group, 1 kidney (1/5) exhib-
ited minimal microparticle residue in the 
dorsal glomerulus and interlobular arteries, 
along with multifocal lymphocyte infiltration 
in a single lobule. Additionally, endothelial 
cell proliferation in the arcuate and interlob-
ular arteries was observed in all kidneys in 
the KIPZA group, as shown in Table  1. A fo-
cal infarction area was observed in 3 of the 5 
kidneys in the KIPZA group (60%). The mean 
infarction percentage area was 2.78% ± 

1.33% (95% confidence interval: 1.2%–4.3%), 
whereas no infarctions were observed in 
Group A. Although the sample size precludes 
definitive statistical comparison, this effect 
size suggests a difference in tissue response 
between the two microparticles (Figure 4).

Discussion
In this study, we evaluated the angio-

graphic and histopathologic characteristics 

of two resorbable microparticles—Nex-
sphere-F and KIPZA—in a porcine kidney 
model, focusing on their potential for con-
trolled, temporary embolization. Both micro-
particle types demonstrated favorable safety 
profiles, with full recanalization of embolized 
vessels and minimal tissue injury observed 
by day  7 post-embolization. Because this 
was an exploratory pilot study, our findings 
should be interpreted descriptively rather 
than as definitive comparative efficacy. The 

Table 1. Histopathologic evaluation of two groups

Right kidney upper pole (Nexsphere-F) Left kidney upper pole (KIPZA)

Individual number Residual emboli 
in renal vessels

Lymphocyte/
macrophage 
infiltration

Endothelial cell 
proliferation

Residual emboli in 
renal vessels

Lymphocyte/
macrophage infiltration

Endothelial cell 
proliferation

1 No (0/12) No (0/12) No (0/12) No (0/12) Yes (12/12) Yes (9/12)

2 No (0/12) No (0/12) No (0/12) No (0/12) Yes (3/12) Yes (1/12)

3 No (0/12) No (0/12) No (0/12) Yes (2/12) Yes (2/12) Yes (5/12)

4 No (0/12) No (0/12) No (0/12) No (0/12) Yes (9/12) Yes (3/12)

5 No (0/12) No (0/12) No (0/12) No (0/12) Yes (12/12) Yes (2/12)

Figure 3. Baseline and follow-up angiography post-embolization in an additional representative case of Group B. Serial angiographic images display blood flow in 
treated renal segments at baseline, immediately post-embolization, 2 hours post-embolization, 1 day post-embolization, and 7 days post-embolization (arranged 
chronologically from left to right). This case was selected to represent the typical angiographic response in Group B; all other Group B animals exhibited similar 
recanalization patterns with full restoration by day 7.

Figure 4. Infarction area analysis in both groups. Quantitative analysis of infarcted tissue in the right kidney (top row) and left kidney (bottom row) post-embolization. 
Red-shaded areas indicate areas of infarction.
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observed effect sizes highlight trends that 
warrant further investigation in larger, pow-
ered studies. Our claims regarding organ 
preservation reflect structural observations 
only; functional renal outcomes were not as-
sessed, so organ preservation must be inter-
preted cautiously.

Resorbable microparticles have shown 
promising applications in settings that re-
quire temporary vascular occlusion. For 
instance, Han et al.11 demonstrated the ef-
fectiveness of resorbable microparticles in 
uterine artery embolization, achieving out-
comes comparable with those of permanent 
agents while preserving options for future 
interventions due to recanalization. In addi-
tion, Verret et al.13 reported transient uterine 
artery occlusion using a resorbable emboli-
zation microparticle in a sheep model. Simi-
larly, Min et al.9 reported effective pain relief 
in osteoarthritis using resorbable micropar-
ticles for genicular artery occlusion, mini-
mizing long-term tissue damage. Wang and 
Rao10 highlighted their alignment with che-
motherapy in transarterial chemoemboliza-
tion for liver tumors, enhancing therapeutic 
effects while reducing liver injury.

Despite these advances, detailed in vivo 
characterization of resorbable microparti-
cles is limited, particularly in differentiating 
their effects across diverse clinical contexts 
that require specific properties. Factors such 
as particle shape and surface structure influ-
ence microparticle behavior and outcomes. 
Laurent et al.14 observed that irregular mi-
croparticles penetrate more distally within 
vascular networks, promoting more durable 
occlusions due to enhanced deformation 
and thrombotic retention. Another study re-
ported that irregularly shaped particles tend 
to aggregate and occlude vessels larger than 
their own diameter, unlike spherical embol-
ics with smooth surfaces.15 This aligns with 
the present findings, as differences between 
Nexsphere-F and KIPZA highlight how micro-
particle morphology impacts recanalization. 
These findings may have implications for re-
al-world embolization practice: agents with 
rapid recanalization may be preferable for 
temporary hemostasis or fertility-preserving 
interventions, whereas KIPZA may be more 
suitable when temporary but relatively more 
durable occlusion is desired, particularly in 
embolization of relatively high-flow vascular 
channels, such as transarterial microemboli-
zation for shoulder pain.

In this study, serial angiography post-em-
bolization showed complete recanalization 

and restored parenchymal enhancement in 
all individuals of Group  A by 2  hours, likely 
owing to its rapid hydrolytic degradation 
and smooth, spherical structure, which pro-
motes efficient resorption and timely reca-
nalization. In contrast, 1 animal in Group  B 
showed partial recanalization with reduced 
parenchymal enhancement at the 2-hour fol-
low-up, with full restoration by day 7. Rapid 
recanalization may be desirable in contexts 
where quick restoration of perfusion is crit-
ical (e.g., fertility-sparing uterine artery em-
bolization); however, in situations requiring 
durable occlusion, such early recanalization 
could indicate insufficient durability of the 
embolic material. The irregular shape of KIP-
ZA likely enhances deep penetration, aggre-
gation, and thrombotic occlusion, leading to 
a delayed recanalization response.6,14,16

Histopathologic analysis supported these 
angiographic findings, showing no ischemic 
damage or inflammatory cell infiltration in 
Group A. The fast resorption of Nexsphere-F 
was not associated with any structural al-
teration of the arterial walls. Conversely, 
Group B exhibited minimal ischemia (2.78% 
± 1.33%) and endothelial cell proliferation in 
the arcuate and interlobular arteries, likely 
due to KIPZA’s irregular surface, which pro-
motes platelet adhesion and more durable 
thrombosis.6,14,17,18 In this context, the endo-
thelial proliferation observed in Group B may 
represent a reparative response to transient 
ischemia rather than pathologic neointimal 
formation; however, further mechanistic 
studies are needed to clarify this finding.

This study contributes to the literature 
by comparing the differential effects of Nex-
sphere-F and KIPZA in vivo. Although both 
achieved full recanalization, KIPZA’s irregular 
shape may be beneficial for temporary em-
bolization in high-flow areas or lesions with 
multiple connections where more durable 
occlusion is needed. Nexsphere-F’s uniform 
spherical shape appears more suitable for 
end organs or tissues vulnerable to ischemia. 
These findings underscore the impact of 
microparticle morphology on embolization 
outcomes, highlighting the importance of 
selecting embolic agents based on specific 
clinical needs.

This study had several limitations. It was 
an exploratory pilot study with a small sam-
ple size (angiography n = 10, histopathology 
n  =  5 per group) and no formal power 
calculation. The healthy porcine model lacks 
underlying disease and functional endpoints 
(e.g., serum creatinine) to assess renal 
function. Therefore, conclusions regarding 

organ preservation are limited to structural 
findings rather than functional outcomes. 
The follow-up duration was limited to 
7 days, preventing evaluation of long-
term outcomes or delayed recanalization. 
Furthermore, extrapolation of these results 
to human pathology should be undertaken 
with caution.

In this exploratory pilot study, both Nex-
sphere-F and KIPZA demonstrated tempo-
rary vascular occlusion with early recanali-
zation and minimal structural tissue injury 
in a porcine kidney model. However, the ob-
served differences in recanalization pattern 
and histopathologic response should be 
interpreted descriptively rather than as ev-
idence of definitive comparative efficacy. 
Rapid recanalization may be advantageous 
in clinical settings requiring temporary em-
bolization and parenchymal preservation, 
although its implications for embolic dura-
bility depend on the intended therapeutic 
use. Because organ preservation in this study 
was assessed only by structural findings in 
a healthy animal model over short-term fol-
low-up, larger studies with functional end-
points, disease models, and longer observa-
tion are needed.
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Dear Editor,

I read with great interest the recent article titled “Analysis of the baseline multiphase com-
puted tomographic angiography findings to predict clinical outcomes in patients with middle 
cerebral artery M1 occlusion treated with mechanical thrombectomy,” published by Çıvgın 
and Bayındır.1 The authors are to be commended for studying a homogeneous cohort and for 
focusing on imaging biomarkers that may assist early risk stratification. I would like to raise 
several points for clarification in the spirit of strengthening the interpretability of the findings.

First, important clinical confounders (such as age, sex, comorbidities, and National Insti-
tutes of Health stroke score) were not included in the logistic regression analysis. Age, in par-
ticular, is a well-established independent predictor of functional outcomes after mechanical 
thrombectomy;2,3 even though the age difference between outcome groups did not reach 
statistical significance in this cohort, the approximately 6-year mean difference may still be 
clinically meaningful. In prognostic modeling, adjustment for known determinants (such as 
age and sex) is generally recommended regardless of univariate significance. Omission of 
these variables raises the possibility of confounding, especially if thrombus characteristics 
correlate with patient age or biological reserve.

Second, an interesting observation in this study is that thrombus density did not demon-
strate a statistically significant difference between outcome groups (P = 0.053) in the group 
comparison, yet it emerged as an independent predictor in the logistic regression model  
(P = 0.022). Such findings are not uncommon in prognostic research and may reflect several 
underlying mechanisms, including collinearity among imaging variables, adjustment effects 
related to thrombus length, or model sensitivity associated with the relatively small sample 
size. In particular, when correlated predictors are entered simultaneously into a multivariable 
model, statistical adjustment can alter the apparent strength and direction of associations 
observed in the group comparison.

Third, the number of predictors entered into the logistic regression model appears rela-
tively high given the sample size and number of outcome events. With 24 patients experi-
encing poor outcomes, inclusion of multiple imaging variables simultaneously may approach 
the limits recommended for stable multivariable modeling. Although the reported goodness-
of-fit measures are reassuring, clarification of the variable selection strategy would enhance 
confidence in the robustness of the reported independent associations.

Finally, thrombus density was evaluated using absolute Hounsfield unit (HU) values. 
Because attenuation measurements may vary according to scanner characteristics and pa-
tient-specific factors such as the hematocrit, consideration of normalization (such as relative 
thrombus density compared with the contralateral artery or adjacent vascular structures) 
could potentially improve reproducibility. Future studies incorporating normalized HU met-
rics may further clarify the biological and prognostic relevance of thrombus composition.
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Overall, this study contributes valuable 
data on the potential prognostic role of 
thrombus length and density in a carefully 
selected population. Addressing the points 
above would further strengthen the conclu-
sions and facilitate broader clinical applica-
bility. 
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Dear Editor,

We read with great interest the recent article by Hassan et al.1 titled “Pleural tail sign in 
computed tomography–guided lung biopsy: an imaging predictor of severe pneumothorax 
requiring chest tube placement.”  The authors address a clinically relevant question and propose a 
practical refinement of the pleural tail sign (PTS), distinguishing between thin and triangular 
subtypes. This approach adds depth to the existing literature and reflects the increasing inter-
est in imaging biomarkers as practical tools for improving preprocedural risk stratification in 
computed tomography (CT)–guided percutaneous transthoracic needle biopsy.1

The observation that the triangular PTS subtype is associated with a higher risk of severe 
pneumothorax requiring chest tube placement is particularly relevant. By focusing on clin-
ically significant complications rather than overall pneumothorax rates, the study provides 
information that is directly applicable to daily practice.1,2

However, some aspects deserve further consideration. In particular, the potential role of 
patient-related factors is not fully explored. Although the analysis appropriately includes sev-
eral technical variables, there is limited information on relevant comorbidities such as em-
physema or other chronic lung diseases, which are well-known risk factors for pneumothorax 
following CT–guided biopsy.3 In this setting, it is difficult to determine whether the associa-
tion between triangular PTS and severe pneumothorax reflects a true imaging biomarker or, 
instead, an indirect indicator of underlying pulmonary vulnerability. Including more detailed 
clinical variables could help clarify this relationship.

Another aspect worth considering is how the main outcome was defined. Although the 
need for chest tube placement is clinically meaningful, it can also be influenced by operator 
judgment, local protocols, and individual patient factors. As such, it may not fully represent 
a standardized measure of pneumothorax severity, which could affect the interpretation of 
the results.

In addition, although the proposed subclassification of PTS is interesting and adds nuance, 
its application in everyday practice may be less straightforward. The reported interobserver 
agreement suggests only moderate consistency, raising the possibility that distinguishing 
between the thin and triangular subtypes may vary across readers, particularly outside spe-
cialized settings.

In conclusion, this study provides valuable insight into PTS and its potential role in identify-
ing patients at higher risk of clinically significant complications. However, further information 
incorporating both imaging and clinical variables, along with standardized outcome defini-
tions, would be helpful to better define its role in clinical practice.
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Dear Editor,

We thank the authors for their thoughtful comments on our study investigating the pleural 
tail sign (PTS) as a predictor of severe pneumothorax following computed tomography (CT)–
guided lung biopsy.1

We agree that pneumothorax following CT–guided lung biopsy is a multifactorial compli-
cation dependent on established patient-related and procedural factors, including emphyse-
ma and other chronic lung diseases.2,3 We acknowledge that an important limitation of our 
study is that chronic lung parenchymal changes were not systematically assessed and, there-
fore, could not be included in the multivariable analysis. Given their known impact, residual 
confounding cannot be excluded.

Regarding the definition of the primary endpoint, we acknowledge that the need for chest 
tube placement may be influenced by operator judgment. However, we deliberately selected 
this outcome because it represents a clinically meaningful endpoint reflecting complications 
that require active intervention.

We also appreciate the comment on interobserver variability. Although the observed 
agreement was moderate, the proposed two-tier classification was intentionally designed as 
a simplified and pragmatic approach to facilitate clinical applicability. Moreover, we believe 
that interobserver agreement could be improved with minimal training and a clear definition 
of the PTS groups. 

Given the study’s retrospective design and the potential for confounding, the findings 
should be considered hypothesis-generating. Future studies integrating imaging and clinical 
variables with standardized outcome definitions are needed to better define its role in clinical 
practice.

We thank the authors once more for their insightful comments and for contributing to the 
discussion on this topic.
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Standardizing neuroradiological ancillary testing in brain death 
determination: a national clinical protocol from Türkiye

ABSTRACT
This commentary introduces Türkiye’s national clinical protocol for neuroradiological ancillary test-
ing in brain death determination, which was developed to address persistent variability in imag-
ing-based practice; it was first published in Turkish (2025) and subsequently translated into English 
(2026). It outlines a pragmatic national framework for the standardized use, interpretation, and re-
porting of computed tomography angiography, digital subtraction angiography, and transcranial 
Doppler ultrasonography while reaffirming that brain death remains a clinical diagnosis. By empha-
sizing practical examples, structured reporting, common pitfalls, and pediatric considerations, the 
protocol aims to improve consistency and interpretive reliability while contributing to the broader 
international discussion on ancillary testing.

KEYWORDS
Brain death, death by neurologic criteria, ancillary testing, computed tomography angiography, 
neuroradiology, clinical guidelines, pediatric brain death

The determination of death by neurologic criteria (DNC), commonly referred to as brain 
death, is fundamentally a clinical diagnosis based on the irreversible cessation of all 
brain functions.1,2 Ancillary tests for diagnosis are not intended to replace the clinical 

examination, although they are often used in specific circumstances.1 These include situations 
where the clinical examination is confounded by severe craniofacial trauma, pre-existing oc-
ular or cranial nerve abnormalities, or when the apnea test cannot be safely performed due 
to hemodynamic instability or severe hypoxemia. Furthermore, ancillary tests are utilized to 
facilitate timely diagnosis when legal requirements necessitate a single clinical examination 
followed by a confirmatory objective test. Despite broad agreement on these principles, the 
type, role, and interpretation of ancillary tests, particularly imaging-based methods, vary sub-
stantially across countries and guidelines.2,3 

In response to this variability, the Republic of Türkiye Ministry of Health released the Clin-
ical Protocol for Neuroradiological Diagnostic Criteria in Brain Death in Turkish in 2025 and 
in English in 2026.4,5 The protocols can also be accessed through the following link: https://
osf.io/fej34/overview. The protocol was developed through a structured review of the liter-
ature and a series of regularly scheduled multidisciplinary meetings involving the authors, 
with participation from representatives of the Ministry of Health. The protocol was originally 
prepared in the Turkish language to support national implementation and was subsequently 
translated into English to facilitate broader international accessibility and knowledge sharing. 
It was developed within the framework of the National Organ Transplantation and Donation 
Coordination System and reviewed by the Turkish Society of Radiology. It primarily aims to 
standardize neuroradiological ancillary testing practices at a national level.

This commentary summarizes the scope, rationale, and structure of the protocol, situating 
it within the broader international context while staying within the evidence base on which 
it is founded.
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Rationale for a neuroradiology-focused 
protocol

Although international consensus doc-
uments have clarified many aspects of DNC 
determination, neuroradiological ancillary 
tests remain an area of persistent heteroge-
neity.2,3 Differences are evident in (i) which 
imaging modalities are accepted, (ii) how 
they should be performed, and (iii) which 
radiological criteria should be used for inter-
pretation. Computed tomography angiogra-
phy (CTA), for example, is recommended as 
a standard ancillary test in some countries,6 
whereas current United States guidelines 
cite insufficient evidence to recommend its 
use.7 A simplified comparative overview of 
prominent international guideline approach-
es to ancillary neuroradiological testing is 
summarized in Table 1.

Within Türkiye, as in many healthcare 
systems, CTA, digital subtraction angiogra-
phy (DSA), and transcranial Doppler ultra-
sonography (TCD) are widely available and 
frequently used in practice. Before this pro-
tocol, however, uniform imaging acquisition 
parameters, interpretation criteria, and re-
porting standards were not formally defined 
at the national level. The protocol, therefore, 
focuses not on endorsing a single modality 
but on standardizing how commonly used 
neuroradiological tests are applied and inter-
preted when used as ancillary support to a 
clinical diagnosis of brain death.

Scope and general principles

The protocol explicitly reaffirms that brain 
death is a clinical diagnosis, consistent with 
national legislation. Neuroradiological tests 
are positioned as supportive tools rather 
than confirmatory substitutes. Importantly, 
the document avoids ranking ancillary tests 

or mandating a preferred modality. Instead, 
test selection is left to institutional resourc-
es, patient-specific factors, and clinical judg-
ment.

The scope is limited to neuroradiological 
imaging methods. Nuclear medicine tech-
niques and electroencephalography are 
intentionally excluded, reflecting both prac-
tical considerations and the protocol’s focus 
on radiological workflows. Separate sections 
address adult and pediatric populations, rec-
ognizing the substantial physiological and 
anatomical differences that influence imag-
ing interpretation.

A distinguishing characteristic of the pro-
tocol is its deliberate emphasis on practical 
interpretation, supported by numerous il-
lustrative case examples and an explicit dis-
cussion of common pitfalls. This case-based 
approach is intended to complement exist-
ing guideline documents, many of which pri-
marily focus on high-level recommendations 
and provide limited guidance on real-world 
imaging interpretation challenges.

Adult neuroradiological ancillary tests

Digital subtraction angiography

DSA is formally presented as a reference 
or gold standard ancillary neuroradiolog-
ical method. This designation is based on 
the modality’s ability to provide a definitive 
demonstration of the arrest of cerebral blood 
flow at a certain level. The protocol provides 
detailed guidance on catheterization strate-
gies, contrast volumes, acquisition duration, 
and minimum imaging requirements. Inter-
pretation criteria emphasize the absence of 
antegrade intracranial arterial flow and the 
lack of venous drainage. Potential sources of 
false-negative results, such as insufficient in-

tracranial pressure elevation or stasis filling, 
are explicitly discussed.

Transcranial Doppler ultrasonography

TCD is described as a noninvasive option 
for adult patients when performed by expe-
rienced operators. The protocol standardizes 
insonation windows, hemodynamic prereq-
uisites, and waveform interpretation. Diag-
nostic patterns, such as oscillatory flow, sys-
tolic spikes, and complete flow absence, are 
defined, alongside common pitfalls, includ-
ing decompressive craniectomy, preserved 
collateral circulation, and systemic hypoten-
sion.

Computed tomography angiography

CTA receives particular attention due to 
its widespread availability and variable inter-
national acceptance. Rather than proposing 
new criteria, the protocol adopts previously 
published CTA scoring systems, with empha-
sis on the 4-point scale assessing bilateral 
cortical middle cerebral artery branches (M4) 
and internal cerebral veins.8 Acquisition tim-
ing, contrast dosing, and interpretation steps 
are specified in detail to minimize technical 
and interpretative variability. 

In short, the examination requires ad-
equate physiologic conditions, including 
a confirmed mean arterial pressure >60 
mmHg and a body temperature >35°C, to-
gether with the administration of non-ionic 
iodinated contrast material (100–120 mL in 
adults; 1–2 mL/kg in children) with a mini-
mum iodine concentration of 340 mg/mL. 
A three-phase acquisition is mandated: (i) 
a non-contrast phase, to identify pre-exist-
ing hyperdensities (e.g., previous contrast, 
thrombosis) that could lead to false-negative 
interpretations; (ii) an early phase (20 s), used 

Table 1. Simplified comparative overview of major international guideline approaches to ancillary neuroradiological testing

Guideline/protocol Year DSA CTA TCD

Republic of Türkiye (Ministry of Health Clinical 
Protocol)4,5 2025 Accepted Accepted. Focuses on 4-point scoring 

system (M4 + ICV) Accepted (adults only)

United Kingdom Consensus Guideline6 2023 - Preferred. Accepted as a standard 
ancillary investigation for adults -

Canada Clinical Practice Guideline9 2023 Not recommended Accepted (adults only). 
10-point scoring system discussed Accepted (adults only)

American Academy of Neurology; American 
Academy of Pediatrics7 2023 Accepted Not recommended Accepted (adults only)

World Brain Death Project10 2020 Accepted Not recommended Accepted (adults only)

CTA, computed tomography angiography; DSA, digital subtraction angiography; ICV, internal cerebral vein; M4, cortical segment of the middle cerebral artery; TCD, transcranial 
Doppler ultrasound.
Note #1: “Accepted” denotes acceptance as an ancillary test rather than as a primary diagnostic test or a preferred method.
Note #2: This table does not encompass the nuanced, age-specific pediatric recommendations within each framework. As diagnostic criteria in children vary substantially 
according to patient age and cranial development (e.g., status of fontanelles and sutures), readers are advised to consult the specific pediatric sections of the referenced 
guidelines or the Türkiye protocol.4,5 



 

860 • November 2026 • Diagnostic and Interventional Radiology Türkiye’s neuroradiological ancillary testing protocol

exclusively to confirm successful contrast de-
livery by visualizing opacification of the su-
perficial temporal arteries; and (iii) a delayed 
phase (60 s), the definitive phase for assess-
ing the intracranial vascular opacification.

The protocol places special emphasis on 
side-by-side comparison of non-contrast 
and 60-s post-contrast images, supported by 
multiple example cases demonstrating both 
supportive and non-supportive findings. The 
diagnosis of brain death can be supported 
only if there is a complete absence of con-
trast opacification in all four vessels (i.e., M4 
and internal cerebral veins). Conversely, the 
presence of contrast in any of these four 
landmarks does not support the diagnosis. 

An example of a CTA assessment for sus-
pected brain death is provided in Figure 1. 
For more detailed evaluation guidance and a 
wide range of practical example cases, read-
ers are referred to the full protocol.4,5 

Pediatric considerations

Ancillary testing in children presents ad-
ditional challenges due to open sutures and 
fontanelles, which can prevent the rise in in-
tracranial pressure required to arrest cerebral 
blood flow. The protocol acknowledges the 
limited pediatric evidence base and the ab-
sence of international consensus, explicitly 
cautioning against the direct application of 
adult criteria to children.

Both CTA and DSA are discussed cau-
tiously, recognizing that adult-derived CTA 
scoring systems may yield false-negative 
results in pediatric patients; persistent, non-
functional perfusion may be observed even 
when clinical criteria for brain death are met. 
Where CTA is used, the protocol highlights 
the potential value of supplemental venous 

assessment, including superior petrosal 
veins, as supportive rather than definitive 
findings. The pediatric section includes nu-
merous case examples illustrating scenarios 
in which perfusion may remain preserved 
despite severe injury, thereby reducing the 
risk of misinterpretation.

Reporting templates and standardization

A distinctive feature of the protocol is the 
inclusion of structured reporting templates 
for each imaging modality. These templates 
are designed to (i) ensure documentation of 
technical adequacy, (ii) standardize terminol-
ogy, and (iii) clearly separate descriptive find-
ings from interpretive conclusions. Reports 
are limited to stating whether imaging find-
ings support or do not support the clinical 
diagnosis of brain death, avoiding absolute 
or determinative language. A brief report-
ing template example for CTA is provided in 
Box 1. For detailed reporting templates for 
all modalities, readers are referred to the full 
protocol.4,5 

Strengths and limitations

The primary strength of this protocol lies 
in its pragmatic standardization of imaging 
practice, supported by detailed protocols, 
checklists, and a substantial collection of il-
lustrative cases. By explicitly addressing pit-
falls and sources of misinterpretation, it aims 
to complement existing guidelines that may 
offer limited practical imaging guidance.

At the same time, the protocol does not 
attempt to resolve international disagree-
ments regarding ancillary testing, nor does 
it propose new diagnostic criteria. Its limita-
tions include reliance on heterogeneous and, 
in some areas, limited evidence, particularly 
within pediatric populations.

Figure 1. Computed tomography angiography 
(CTA) assessment example in suspected brain 
death, according to the 4-point system. Adequate 
scan quality is confirmed by visualization of the 
superficial temporal artery (STA; blue circles). 
Absence of opacification in the bilateral middle 
cerebral artery (MCA) cortical (M4) branches 
(orange ellipses) and bilateral internal cerebral veins 
(ICVs; green circle) supports the preliminary clinical 
diagnosis of brain death. 

Box 1. Concise reporting template example

Examination: Computed tomography angiography for brain death determination.

Clinical information: [age]-year-old patient with a history of [relevant condition or event]; apnea test [positive/could not be performed].

Technique: Non-contrast phase followed by early (20 s) and delayed (60 s) post-contrast phases after intravenous administration of non-ionic iodinated 
contrast material (100 mL; iodine concentration 340 mg/mL).

Findings:
• Quality check: Opacification of the superficial temporal arteries confirmed on the 20-s phase, indicating successful contrast delivery.
• Intracranial vascular evaluation (60-s phase):
º M4 segments of right MCA: [Opacified/not opacified] 
º M4 segments of left MCA: [Opacified/not opacified] 
º Right internal cerebral vein: [Opacified/not opacified]
º Left internal cerebral vein: [Opacified/not opacified]

Impression:
• [Choice A]: Findings SUPPORT the clinical diagnosis of brain death (complete absence of opacification in the 4-point landmarks).
• [Choice B]: Findings DO NOT SUPPORT the clinical diagnosis of brain death (persistence of opacification in one or more landmarks).

MCA, middle cerebral artery.
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Final remarks

This national clinical protocol represents 
an effort to operationalize neuroradiological 
ancillary testing within a clearly defined clin-
ical and legal framework while maintaining 
consistency with international evidence. By 
combining standardized imaging protocols 
with extensive case-based illustration, it 
seeks to support accurate interpretation in 
routine clinical practice.

The protocol is intended as a living doc-
ument, adaptable to future evidence and 
evolving international standards. Its con-
tribution lies not in redefining brain death 
criteria but in providing a transparent and 
reproducible approach to neuroradiological 
support of a fundamentally clinical diagno-
sis.
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C O R R I G E N D U M

In the article entitled “Vascularity Assessment in Hashimoto’s Thyroiditis: A Prospective Comparative Study with Power Doppler and Superb 
Microvascular Imaging” (Diagnostic and Interventional Radiology. 2026;32(3):315-321; DOI: 10.4274/dir.2025.253311), errors were identified in 
the Results section of the Abstract and in Table 4.

Correction 1: Abstract–Results

The following sentence:

“The SMI VI values were recorded at 8.85 [interquartile range (IQR): 25%–75%, 6.55–12.6] for patients with HT and 8.40 (IQR: 25%–75%, 
6.70–12.8) for the control group, indicating a statistically significant increase in the HT cohort (P < 0.001).”

should read as follows:

“The SMI VI values in patients with HT were recorded at 8.85% [interquartile range (IQR): 25%–75%, 6.55–12.6%] for the right lobe and 
8.40% (IQR: 25%–75%, 6.70–12.8%) for the left lobe, indicating a statistically significant increase compared to the control group values of 
3.75% (IQR: 25%–75%, 2.82–5.16%) for the right lobe and 3.97% ± 1.34% for the left lobe (P < 0.001).”

Correction 2: Table 4

Table 4 contained typographical and layout errors. The corrected version of Table 4 is presented below. In addition, the “Euthyroid vs. Con-
trol” comparison has been included.

Table 4. Diagnostic performance of cSMI VI

Group
(cut-off value)

Sensitivity
(CI) %

Specificity
(CI) %

PPV
(CI) %

NPV
(CI) %

PLR
(CI)

NLR
(CI)

Accuracy
(CI) %

Hashimoto’s thyroiditis 
vs. Control
(6.75)*

75.34
(63.86-84.68)

100
(94.56-100) 100 78.57

(71.06-84.56) - 0.25
(0.16-0.37)

87.05
(80.31-92.14)

Hypothyroid vs. 
Euthyroid
(8.825)**

89.47
(75.20-97.06)

94.29
(80.84-99.30)

94.44
(81.50-98.50)

89.19
(76.49-95.44)

15.66
(4.06-60.41)

0.11
(0.04-0.28)

91.78
(82.96-96.92)

Euthyroid vs. Control
(4.99)***

81.58
(65.67-92.26)

77.27
(65.3-86.69)

67.39
(56.37-76.78)

87.93
(78.65-93.51)

3.59
(2.24-5.74)

0.24
(0.12-0.47)

78.85
(69.74-86.24)

*AUC: 0.933, CI% (0.894-0.973), Youden’s index: 0.753
**AUC: 0.959, CI% (0.913-1), Youden’s index: 0.838
***AUC: 0.872, CI% (0.802-0.942), Youden’s index: 0.589
cSMI, color superb microvascular imaging; VI, vascularity index; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; 
NLR, negative likelihood ratio; AUC, area under curve.

The authors apologize for these errors and any inconvenience they may have caused.
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