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Diagnostic and Interventional Radiology (Diagn Interv Radiol) is a medium 
for disseminating scientific information based on research, clinical 
experience, and observations pertaining to diagnostic and interventional 
radiology. The journal is the double-blind peer-reviewed, bimonthly, 
open-access publication organ of the Turkish Society of Radiology and its 
publication language is English. Diagnostic and Interventional Radiology is 
currently indexed by Science Citation Index Expanded, PubMed MEDLINE, 
Web of Science, PubMed Central, DOAJ, TUBITAK ULAKBIM TR Index, HINARI, 
EMBASE, CINAHL, Scopus, Gale and CNKI.

The journal is a medium for original articles, reviews, pictorial essays, technical 
notes related to all fields of diagnostic and interventional radiology.

The editorial and publication process of the Diagnostic and Interventional 
Radiology are shaped in accordance with the guidelines of the International 
Committee of Medical Journal Editors (ICMJE), World Association of Medical 
Editors (WAME), Council of Science Editors (CSE), Committee on Publication 
Ethics (COPE), European Association of Science Editors (EASE), and National 
Information Standards Organization (NISO). The journal is in conformity with 
the Principles of Transparency and Best Practice in Scholarly Publishing.

Authorship

Each individual listed as an author should fulfill the authorship criteria 
recommended by the International Committee of Medical Journal Editors 
(ICMJE - www.icmje.org). To be listed as an author, an individual should 
have made substantial contributions to all four categories established by 
the ICMJE: (a) conception and design, or acquisition of data, or analysis 
and interpretation of data, (b) drafting the article or revising it critically 
for important intellectual content, (c) final approval of the version to be 
published, and (d) agreement to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved. Individuals 
who contributed to the preparation of the manuscript but do not fulfill 
the authorship criteria should be acknowledged in an acknowledgements 
section, which should be included in the title page of the manuscript. If the 
editorial board suspects a case of “gift authorship”, the submission will be 
rejected without further review.

Ethical standards

For studies involving human or animal participants, the authors should 
indicate whether the procedures followed were in accordance with the 
ethical standards of the responsible committee on human and animal 
experimentation (institutional or regional) and with the Helsinki Declaration. 
Application or approval number/year of the study should also be provided. 
The editorial board will act in accordance with COPE guidelines if an ethical 
misconduct is suspected.

It is the authors’ responsibility to carefully protect the patients’ anonymity 
and to verify that any experimental investigation with human subjects 
reported in the submission was performed with informed consent and 
following all the guidelines for experimental investigation with human 
subjects required by the institution(s) with which all the authors are affiliated 
with. For photographs that may reveal the identity of the patients, signed 
releases of the patient or of his/her legal representative should be enclosed.

Prospective human studies require both an ethics committee approval and 
informed consent by participants. Retrospective studies require an ethics 
committee approval with waiver of informed consent. Authors may be 
required to document such approval.

All submissions are screened by a similarity detection software (iThenticate 
by CrossCheck). Manuscripts with an overall similarity index of greater than 
20%, or duplication rate at or higher than 5% with a single source are returned 
back to authors without further evaluation along with the similarity report.

In the event of alleged or suspected research misconduct, e.g., plagiarism, 
citation manipulation, and data falsification/fabrication, the Editorial Board 
will follow and act in accordance with COPE guidelines.

Withdrawal Policy

Articles may be withdrawn under certain circumstances.

The article will be withdrawn if it;

-	 violates professional ethical codes,

-	 is subject to a legal dispute,

-	 has multiple submissions,

-	 includes fake claims of authorship, plagiarism, misleading data, and false  
	 data that may pose a severe health risk.

The editorial board will follow the principles set by COPE (Committee on 
Publication Ethics) in case of an article withdrawal.

Manuscript Preparation

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and Publication of 
Scholarly Work in Medical Journals (updated in May 2022 - https://www.
icmje.org/recommendations/).

Original Investigations and Reviews should be presented in accordance 
with the following guidelines: randomized study – CONSORT, observational 
study – STROBE, study on diagnostic accuracy – STARD, systematic reviews 
and meta-analysis PRISMA, nonrandomized behavioral and public health 
intervention studies – TREND.

Diagnostic and Interventional Radiology will only evaluate manuscripts 
submitted via the journal’s self-explanatory online manuscript submission 
and evaluation system available at mc04.manuscriptcentral.com/dir. 
Evaluation process of submitted manuscripts takes 4 weeks on average.

Manuscripts are evaluated and published on the understanding that they 
are original contributions, and do not contain data that have been published 
elsewhere or are under consideration by another journal. Authors are 
required to make a full statement at the time of submission about all prior 
reports and submissions that might be considered duplicate or redundant 
publication, and mention any previously published abstracts for meeting 
presentations that contain partial or similar material in the cover letter. They 
must reference any similar previous publications in the manuscript.

Authors must obtain written permission from the copyright owner to 
reproduce previously published figures, tables, or any other material in both 
print and electronic formats and present it during submission. The original 
source should be cited within the references and below the reprinted 
material.

Cover letter: A cover letter must be provided with all manuscripts. This 
letter may be used to emphasize the importance of the study. The authors 
should briefly state the existing knowledge relevant to the study and the 
contributions their study make to the existing knowledge. The correspondent 
author should also include a statement in the cover letter declaring that he/
she accepts to undertake all the responsibility for authorship during the 
submission and review stages of the manuscript.



Instructions to Authors

A-IV

Title page: A separate title page should be submitted with all manuscripts 
and should include the title of the manuscript, name(s), affiliation(s), and 
major degree(s) of the author(s). The name, address, telephone (including 
the mobile phone number) and fax numbers and e-mail address of the 
corresponding author should be clearly listed. Grant information and other 
sources of support should also be included. Individuals who contributed to 
the preparation of the manuscript but do not fulfill the authorship criteria 
should also be acknowledged in the title page. Manuscripts should not be 
signed by more than 6 authors unless they are multicenter or multidisciplinary 
studies.

Main document

Abstract: All submissions (except for Letters to the Editor) should be 
accompanied by an abstract limited to 400 words. A structured abstract 
is only required with original articles and it should include the following 
subheadings: PURPOSE, METHODS, RESULTS, CONCLUSION.

Main points: Each submission should be accompanied by 3 to 5 “main points”, 
which should emphasize the most striking results of the study and highlight 
the message that is intended to be conveyed to the readers. As these main 
points would be targeting radiology residents, experts and residents of other 
fields of medicine, as well as radiology experts, they should be kept as plain 
and simple as possible. These points should be constructed in a way that 
provides the readers with a general overview of the article and enables them 
to have a general idea about the article.

The main points should be listed at the end of the main text, above the 
reference list.

Example: Liu S, Xu X, Cheng Q, et al. Simple quantitative measurement based 
on DWI to objectively judge DWI-FLAIR mismatch in a canine stroke model. 
Diagn Interv Radiol 2015;(4)21:348–354.

• The relative diffusion-weighted imaging signal intensity (rDWI) of ischemic 
lesions might be helpful to identify the status of fluid attenuated inversion 
recovery (FLAIR) imaging in acute ischemic stroke.

• The relative apparent diffusion coefficient (rADC) value appears not useful 
to identify the status of FLAIR imaging in the acute period.

• Based on our embolic canine model, rDWI increased gradually in the acute 
period, while the rADC kept stable, which might explain why rDWI is helpful 
to identify the status of FLAIR imaging, while rADC is not.

Main text

Original Articles

Original articles should provide new information based on original research. 
The main text should be structured with Introduction, Methods, Results, 
and Discussion subheadings. The number of cited references should not 
exceed 50 and the main text should be limited to 4500 words. Number of 
tables included in an original article should be limited to 4 and the number 
of figures should be limited to 7 (or a total of 15 figure parts).

Introduction

State briefly the nature and purpose of the work, quoting the relevant 
literature.

Methods

Include the details of clinical and technical procedures.

Research ethics standards compliance

All manuscripts dealing with human subjects must contain a statement 
indicating that the study was approved by the Institutional Review Board or 
a comparable formal research ethics review committee. If none is present at 
your institution, there should be a statement that the research was performed 
according to the Declaration of Helsinki principles (www.wma.net/e/policy/
b3.htm). There should also be a statement about whether informed consent 
was obtained from research subjects.

Results

Present these clearly, concisely, and without comment. Statistical analysis 
results should also be provided in this section to support conclusions when 
available.

Discussion

Explain your results and relate them to those of other authors; define their 
significance for clinical practice. Limitations, drawbacks, or shortcomings 
of the study should also be stated in the discussion section before the 
conclusion paragraph. In the last paragraph, a strong conclusion should be 
written.

Review Articles

Review articles are scientific analyses of recent developments on a specific 
topic as reported in the literature. No new information is described, and no 
opinions or personal experiences are expressed. Reviews include only the 
highlights on a subject. Main text should be limited to 4000 words and the 
number of cited references should not exceed 75. Number of tables included 
in a review article should be limited to 4 and the number of figures should be 
limited to 15 (or a total of 30 figure parts).

Pictorial Essay

This is a continuing medical education exercise with the teaching message 
in the figures and their legends. Text should include a brief abstract; there 
may be as many as 30 figure parts. No new information is included. The value 
of the paper turns on the quality of the illustrations. Authors can submit 
dynamic images (e.g. video files) or include supplemental image files for 
online presentation that further illustrate the educational purpose of the 
essay. Maximums: Pages of text – 4 (1,500 words); References – 20; Figures – 
15 or total of 30 images; No table Main text should be limited to 1500 words 
and the number of cited references should not exceed 15.

Technical Notes

Technical note is a brief description of a specific technique, procedure, 
modification of a technique, or new equipment of interest to radiologists. 
It should include a brief introduction followed by Technique section for 
case reports or Methods section for case series, and Discussion is limited 
to the specific message, including the uses of the technique, equipment, 
or software. Literature reviews and lengthy descriptions of cases are not 
appropriate.

Main text should be limited to 1500 words and the number of cited references 
should not exceed 8. Number of tables included in a technical note should be 
limited to 4 and the number of figures should be limited to 3 (or a total of 6 
figure parts).
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Letter to the Editor and Reply

Letters to the Editor and Replies should offer objective and constructive 
criticism of published articles within last 6 months. Letters may also discuss 
matters of general interest to radiologists and may include images. Material 
being submitted or published elsewhere should not be duplicated in letters.

Main text should be limited to 500 words and the number of cited references 
should not exceed 6. No tables should be included and the number of figures 
should be limited to 2 (or a total of 4 figure parts).

Recommendations for Manuscripts:

Type of 
manuscript

Word 
limit

Abstract 
word limit

Reference 
limit

Author 
limit

Table 
limit

Figure limit

Original 
Article

4500 400 
(Structured)

50 6* 4 7 or total of 
15 images

Review 
Article

4000 200 75 5 4 15 or 
total of 24 
images

Pictorial 
Essay

1500 400 20 5 1 15 figures or 
total of 30 
figure parts

Technical 
Note

1500 200 8 5 2 3 figures or 
total of 6 
figure parts

Letter 500 N/A 6 4 No 
tables

2 figures or 
total of 4 
figure parts

*Manuscripts should not be signed by more than 6 authors unless they are 
multicenter or multidisciplinary studies.
**Considering the specific condition of the manuscript, minor flexibilites may be 
applied for the recommendations upon the decision of Editor-in-Chief or the Section 
Editors.

References

Both in-text citations and the references must be prepared according to the 
AMA Manual of style.

While citing publications, preference should be given to the latest, most up-
to-date publications. Authors are responsible for the accuracy of references 
If an ahead-of-print publication is cited, the DOI number should be provided. 
Journal titles should be abbreviated in accordance with the journal 
abbreviations in Index Medicus/MEDLINE/PubMed. When there are six or 
fewer authors, all authors should be listed. If there are seven or more authors, 
the first three authors should be listed followed by “et al.” In the main text of 
the manuscript, references should be cited in superscript after punctuation. 
The reference styles for different types of publications are presented in the 
following examples.

Journal Article: Economopoulos KJ, Brockmeier SF. Rotator cuff tears in 
overhead athletes. Clin Sports Med. 2012;31(4):675-692.

Book Section: Fikremariam D, Serafini M. Multidisciplinary approach to pain 
management. In: Vadivelu N, Urman RD, Hines RL, eds. Essentials of Pain 
Management. New York, NY: Springer New York; 2011:17-28.

Books with a Single Author: Patterson JW. Weedon’s Skin Pahology. 4th ed. 
Churchill Livingstone; 2016.

Editor(s) as Author: Etzel RA, Balk SJ, eds. Pediatric Environmental Health. 
American Academy of Pediatrics; 2011.

Conference Proceedings: Morales M, Zhou X. Health practices of immigrant 
women: indigenous knowledge in an urban environment. Paper presented 
at: 78th Association for Information Science and Technology Annual Meeting; 
November 6-10; 2015; St Louis, MO. Accessed March 15, 2016. https://www.
asist.org/files/meetings/am15/proceedings/openpage15.html

Thesis: Maiti N. Association Between Behaviours, Health Charactetistics and 
Injuries Among Adolescents in the United States. Dissertation. Palo Alto 
University; 2010.

Online Journal Articles: Tamburini S, Shen N, Chih Wu H, Clemente KC. 
The microbiome in early life: implications for health outcometes. Nat Med. 
Published online July 7, 2016. doi:10.1038/nm4142

Epub Ahead of Print Articles: Websites: International Society for Infectious 
Diseases. ProMed-mail. Accessed February 10, 2016. http://www.promedmail.
org

Tables

Tables should be included in the main document and should be presented 
after the reference list. Tables should be numbered consecutively in the 
order they are referred to within the main text. A descriptive title should 
be provided for all tables and the titles should be placed above the tables. 
Abbreviations used in the tables should be defined below by footnotes (even 
if they are defined within the main text). Tables should be created using the 
“insert table” command of the word processing software and they should 
be arranged clearly to provide an easy reading. Data presented in the tables 
should not be a repetition of the data presented within the main text but 
should be supporting the main text.

Figures and figure legends

Figures, graphics, and photographs should be submitted as separate files 
(in TIFF or JPEG format) through the submission system. The files should not 
be embedded in a Word document or the main document. When there are 
figure subunits, the subunits should not be merged to form a single image. 
Each subunit should be submitted separately through the submission 
system. Images should not be labelled (a, b, c, etc.) to indicate figure subunits. 
Thick and thin arrows, arrowheads, stars, asterisks, abbreviations and similar 
marks can be used on the images to support figure legends. Like the rest of 
the submission, the figures too should be blind. Any information within the 
images that may indicate the institution or the patient should be removed.

Figure legends should be listed at the end of the main document.

General

All acronyms and abbreviations used in the manuscript should be defined at 
first use, both in the abstract and in the main text. The abbreviation should be 
provided in parenthesis following the definition.

Statistical analysis should be performed in accordance with guidelines on 
reporting statistics in medical journals (Altman DG, Gore SM, Gardner MJ, 
Pocock SJ. Statistical guidelines for contributors to medical journals. Br Med 
J 1983: 7; 1489–1493.). Information on the statistical analysis process of the 
study should be provided within the main text.

When a drug, product, hardware, or software mentioned within the main 
text product information, the name and producer of the product should be 
provided in parenthesis in the following format: “Discovery St PET/CT scanner 
(GE Healthcare).”
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All references, tables, and figures should be referred to within the main text 
and they should be numbered consecutively in the order they are referred to 
within the main text.

Initial evaluation and peer review process

Manuscripts submitted to Diagnostic and Interventional Radiology will first 
go through a technical evaluation process where the editorial office staff will 
ensure that the manuscript is prepared and submitted in accordance with the 
journal’s guidelines. Submissions that do not conform the journal’s guidelines 
will be returned to the submitting author with technical correction requests.

All submissions are screened by a similarity detection software (iThenticate 
by CrossCheck), and those with an overall similarity index of greater than 
20%, or duplication rate at or higher than 5% with a single source are returned 
back to authors without further evaluation along with the similarity report.

Manuscripts meeting the requirements mentioned in journal’s guideline will 
go under the review process. The initial review will be performed by Editor-in-
Chief and the Section Editor, which include the evaluation of the manuscript 
for its originality, importance of the findings, scientific merit, interest to 
readers and compliance with the policy of the journal in force. Manuscripts 
with insufficient priority for publication are not sent out for further review 
and rejected promptly at this level to allow the authors to submit their work 
elsewhere without delay. 

Manuscripts that pass through the initial review are sent to peer review, which 
is performed in a blinded manner by least two external and independent 
reviewers. During the review process, all original articles are evaluated by at 
least one senior consultant of statistics for proper handling and consistency 
of data, and use of correct statistical method. The Section Editor and / or 
Editor-in-Chief are the final authority in the decision-making process for all 
submissions.

Revisions

When submitting a revised version of a paper, the author must submit a 
detailed “Response to reviewers” that states point by point how each issue 
raised by the reviewers has been covered and where it can be found (each 
reviewer’s comment followed by the author’s reply and line numbers where 
the changes have been made) as well as an annotated copy, and a clear copy 
of the main document.

Revised manuscripts must be submitted within 30 days from the date of 
the decision letter. If the revised version of the manuscript is not submitted 
within the allocated time, the revision option will be automatically cancelled 
by the submission system. If the submitting author(s) believe that additional 
time is required, they should request an extension before the initial 30-day 
period is over.

Proofs and DOI Number

Accepted manuscripts are copy-edited for grammar, punctuation, and format 
by professional language editors. Following the copyediting process, the 
authors will be asked to review and approve the changes made during the 

process. Authors will be contacted for a second time after the layout process 
and will be asked to review and approve the PDF proof of their article for 
publication. Once the production process of a manuscript is completed it is 
published online on the journal’s webpage as an ahead-of-print publication 
before it is included in its scheduled issue.

Publication Fee Policy

Diagnostic and Interventional Radiology (DIR) applies an Article Processing 
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PURPOSE
When a suspected hepatic alveolar echinococcosis (AE) lesion is detected on a contrast enhanced 
computed tomography (CT) scan, an additional triphasic or non-enhanced CT scan is required to 
determine the presence of calcification and enhancement. As a result, imaging costs and exposure 
to ionizing radiation will increase. We can create a non-enhanced series from routine contrast-en-
hanced images using dual-energy CT (DECT) and virtual non-enhanced (VNE) images. This study’s 
objective is to assess virtual non-enhanced DECT reconstruction as a potential diagnostic tool for 
hepatic AE.

METHODS
Triphasic CT scans and a routine dual energy venous phase were acquired using a third-generation 
DECT system. A commercially available software package was used to generate VNE images. Indi-
vidual evaluations were conducted by two radiologists.

RESULTS
The study population consisted of 100 patients (30 AE, 70 other solid liver masses). All AE cases were 
diagnosed [no false positives/negatives, 95% confidence interval (CI) sensitivity: 91.3%–100%; 95% 
CI specificity: 95.3%–100%]. Interrater agreement was k: 0.79. In total, 33 (33.00%) of the patients 
had AE, which was detected using both true non-enhanced (TNE) and VNE images. The mean dose-
length product of a standard triphasic CT was significantly higher than biphasic dual-energy VNE 
images. 

CONCLUSION
In terms of diagnostic confidence, VNE images are comparable with actual non-enhanced imaging 
when evaluating hepatic AE. Further, VNE images could replace TNE images with a substantial radi-
ation dose reduction. Advances in knowledge: hepatic cystic echinococcosis and AE are serious and 
severe diseases with high fatality rates and a poor prognosis if managed incorrectly, especially AE. 
Moreover, VNE images produce equal diagnostic confidence to TNE images for assessing liver AE, 
with a significant reduction in radiation dose.

KEYWORDS
DECT, virtual non-enhanced, alveolar echinococcosis, DLP, radiation

Echinococcosis is a largely global zoonotic illness caused by Echinococcus-genus family 
cestodes. Both Echinococcus granulosus and Echinococcus multilocularis (E. granulosus) 
are medically and publicly significant because they cause cystic echinococcosis (CE) and 

alveolar echinococcosis (AE), respectively. Both hepatic CE and AE are severe disorders with 
significant mortality rates and a poor prognosis if improperly treated, especially AE. The prev-
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alence of AE is highest in the northern hemi-
sphere, specifically in Central Europe, Turkey, 
Russia, Japan, Alaska, North America, and 
China. Approximately 18,000 new cases of 
AE are reported annually across the globe.1-3 

Untreated hepatic AE is invariably fatal, 
and the therapeutic response is difficult to 
evaluate once detected. Importantly, radiol-
ogists must guarantee rapid referral to ex-
perts and imaging follow-up; however, due 
to the variability of AE imaging findings, ini-
tial misinterpretation is prevalent, particular-
ly in non-endemic regions. Imaging methods 
such as ultrasonography, computed tomog-
raphy (CT), and magnetic resonance imaging 
work well together to aid in the diagnosis, 
morphology, and treatment choices of AE 
lesions.4,5 Typical hepatic AE calcifications 
are best seen on non-enhanced CT images. 
Moreover, demonstrating the absence of en-
hancement in AE lesions is a critical diagnos-
tic feature for differentiating AE from hepatic 
tumors.

When a suspected hepatic AE lesion is 
detected on a contrast-enhanced CT scan, 
an additional triphasic or non-enhanced CT 
scan is required to determine the presence 
of calcification and enhancement. As a re-
sult, imaging costs and exposure to ionizing 
radiation will increase. It is possible to create 
a non-enhanced series from routine con-
trast-enhanced images using dual energy 
CT (DECT) and virtual non-enhanced (VNE) 
images with a significantly reduced radiation 
dose.6 Previously, DECT was evaluated for the 
diagnosis of hepatic AE. Previous studies pri-
marily emphasized DECT’s ability to define 
the micro-perfusion status of the peripara-
sitic granulomatous reaction and the consis-
tency of DECT findings with positron emis-
sion tomography-CT results.7,8 Consequently, 
the objective of this study is to investigate 
the diagnostic potential of VNE DECT recon-
struction for hepatic AE.

Methods

Study population

A database search was conducted using 
electronic archives for patients who were im-
aged for liver mass characterization between 
December 2016 and December 2021 for this 
retrospective cohort study. Approval from 
the Ethics Committee was acquired (Erzincan 
Binali  Yıldırım University Clinical Research 
Ethics Committee, EBYU-KAEK-2022- 01.003-
28). Patients were included if they had the 
following: I) liver mass; and II) a multiphasic/
triphasic CT exam. Exclusion criteria includ-
ed the following: I) mono- or biphasic CT 
examinations; and II) multiphase CT exam-
inations without the use of dual energy. The 
study included only those patients with an 
AE diagnosis. To avoid selection bias and to 
create a more diverse study group, patients 
with non-AE liver masses (twice the number 
of patients with an AE diagnosis) were also 
randomly selected and included in the study 
group. One author formed the study group 
independently of the authors who evaluated 
the images.

Imaging protocol: triphasic CT scans with 
ADMIRE strength 2 (advanced modeled itera-
tive reconstruction) and routine dual energy 
venous phase were obtained via a third-gen-
eration dual-source dual-energy 2x192 
slice-CT system (Siemens Somatom Force, 
Siemens Healthcare, Erlangen, Germany). 

True non-enhanced (TNE) images scan pa-
rameters were as follows: the reference tube 
voltage was 120 kVp, the effective tube cur-
rent was adapted to the patient’s body mass, 
the quality reference mAs was 147 QrefmAs, 
the dose modulation was CARE dose 4D, the 
CARE kV was turned on, the slice thickness 
was 3 mm, and the reconstruction kernel was 
Br40. For contrast-enhanced phases, the fol-
lowing scan parameters were used: reference 
tube voltage: 100 kVp, effective tube current: 
patient body mass adjusted, quality refer-
ence mAs: 190 QrefmAs, dose modulation: 
CARE dose 4D, CARE kV: on, slice thickness: 
3 mm, reconstruction kernel: Bf40 (venous), 
and Br40 (venous) (arterial).

Iohexol was injected at a flow rate of 
4 mL/s and adapted to the patients’ body 
weight (1 mL/kg body weight), followed by 
a saline flush. TNE images were acquired first, 
followed by arterial and venous phase im-
ages 20 and 80 seconds after contrast agent 
injection, respectively.

VNE image calculation

A commercially available software pack-
age (SyngoVia VB20A, Siemens Healthcare, 
Forchheim, Germany) was used to generate 
VNE datasets (Figures 1, 2). Reconstruction 
was performed axially with the same slice 
thickness of 3 mm as for TNE images to ob-
tain identical images.

Main points

•	 Virtual non-enhanced (VNE) images can be 
used effectively in place of true non-en-
hanced images to diagnose hepatic alveolar 
echinococcosis (AE).

•	 Using VNE images reduces exposure to ion-
izing radiation.

•	 Despite a considerable drop in noise, 
sharpness, and image quality in VNE, both 
non-enhanced scans detect liver AE com-
parably. Figure 2. True non-enhanced (a) and virtual non-enhanced (b) images of a hepatic alveolar echinococcosis 

with typical calcification pattern (circle), necrotic areas (N), and irregular contours with normal parenchyma 
(P).

Figure 1. Arterial (a), portal venous (b), hepatic venous (c), axial computed tomography images of a hepatic 
alveolar echinococcosis with typical calcification pattern (circle), necrotic areas (N), and irregular contours 
with normal parenchyma (P).
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Assessment of image quality

Two radiologists with 8 and 25 years’ ex-
perience in abdominal imaging evaluated 
the image quality independently. If two 
independent readers disagreed on the di-
agnosis of an adverse event, a consensus 
reading was conducted. To reduce recall bias, 
all cases were evaluated randomly and anon-
ymously in two sessions separated by eight 
weeks. The following datasets were provided 
by the studying supervisor for these sessions: 
1. venous, arterial, and VNE images; and 2. 
venous, arterial, and TNE images. The vari-
ous datasets were distributed randomly and 
blindly to both readers during the initial ses-
sion. During the second session, the non-en-
hanced phase of the dataset was evaluated 
for the first time. Both readers scored TNE 
and VNE images on a 5-point Likert scale for 
overall image quality, noise, artefacts, and 
sharpness (5 being the best outcome of the 
evaluated category and 1 being the worst).

Diagnostic performance

The researchers were asked to make a di-
agnosis of AE or non-AE based on the pres-
ence and absence of calcification enhance-
ment. With TNE or VNE images in conjunction 
with the arterial and venous phases and a 
5-point Likert scale, diagnostic confidence in 
the presence or absence of AE was evaluated 

(1 not confident, 2 low confidence, 3 moder-
ate confidence, 4 confident, and 5 high con-
fidence).

Radiation dose

To evaluate the reduction in X-ray expo-
sure, the total dose-length product (DLP) of 
all three phases (TNE, arterial, and venous) 
and the total DLP of only the arterial and 
venous phases were determined for each 
patient.

Statistical analysis

SPSS was used to conduct the statistical 
analysis (IBM SPSS Statistics 24). To evaluate 
the normally distributed data, the Kolmog-
orov–Smirnov test was utilized. Continu-
ous variables with normal distribution [age, 
Hounsfield units (HU) values, and DLP val-
ues] were represented by their mean and 
standard deviation, numerical variables with 
non-normal distribution were given as the 
median (min−max) (image quality, noise, 
sharpness, diagnostic confidence, and arte-
fact elimination scores), while the categorical 
variables (gender) were represented by their 
percentage (%). The Wilcoxon paired test was 
used to compare the overall image quality, 
noise, sharpness, artefact elimination, and 
diagnostic confidence. Sensitivity and spec-
ificity were calculated using cross tabulation 

and expressed in percent (%), including the 
95% confidence interval (CI). The paired 
t-test was utilized to determine the DLP’s 
significance. Cohen’s kappa coefficient was 
used to determine the interrater agreement 
for the image quality, noise, sharpness, arte-
fact elimination, and diagnostic confidence. 
Kappa values (k) of agreement were defined 
as poor between 0.01 and 0.20, fair between 
0.21 and 0.40, moderate between 0.41 and 
0.60, substantial between 0.61 and 0.80, and 
nearly perfect between 0.81 and 1.00.9

The level of significance was accepted as 
α: 0.05. 

Results
The study population consisted of 100 

patients (30 AE, 70 other solid liver masses). 
The mean age of the population was 56.23 ± 
11.72 years (min − max, 31–78 years). A total 
of 63 (63%) of the patients were male and 37 
(37%) were female (Table 1). 

Image quality

A comparison of the TNE and VNE im-
age quality revealed statistically significant 
variations (P < 0.001). In terms of the over-
all image quality, noise, and sharpness, TNE 
images outperformed VNE images, whereas 
VNE images exceeded TNE images in terms 
of artefact elimination. Interrater agreement 
was substantial for the aforementioned cat-
egories (k: 0.63–0.75) (Figure 3) (Tables 2, 3).

Diagnostic performance

Both non-enhanced series had excellent 
diagnostic confidence, with TNE images in-
dicating statistically significant superiority 
(P = 0.030). Significant interrater agreement 
was observed (k: 0.79, P = 0.006) (Tables 4, 5). 
In total, 33% of the enrolled individuals had 
adverse events that were recognized using 
both TNE and VNE images. All AE cases were 
detected (no false positives or negatives), re-
sulting in a sensitivity and specificity of 100% 
(95% CI sensitivity: 91.3%–100%; 95% CI 
specificity: 95.3%–100%). Perfect agreement 
existed between the researchers regarding 
the detection of AE (k: 1, P = 0.001).

The ROIs positioned in the solid portions 
of the lesions had a substantially higher 
mean HU values for TNE than VNE images (P 
= 0.03), and the measurement error was 21.1 
± 10.30 (45.3 ± 11.8 vs. 61.7 ± 10.4 HU).

Radiation dose

Biphasic dual-energy CT with VNE images 
had a mean DLP of 1613.8 ± 421.7 mGy cm, 

Table 1. Characteristics of the study population

Characteristic Value

Number of patients 100

Distribution of the lesions 30 alveolar echinococcosis, 70 other solid liver masses

Mean age 56.23 ± 11.72 years

Number of males and females M: 63 (63%), F: 37 (37%)

M, male; F, female.

Table 2. Median quality parameters

Image quality parameters Median score P value

TNE
n = 100

VNE
n = 100

Overall image quality 4 (1–5) 3 (1–4) 0.001

Noise 4 (1–5) 2 (1–5) 0.001

Sharpness 4 (1–5) 2 (2–5) 0.001

Artefact elimination 2 (2–5) 4 (1–4) 0.001

TNE, true non-enhanced; VNE, virtual non-enhanced.

Table 3. Interobserver reliability data for quality parameters

Image quality parameters Kappa value (k) P value

Overall image quality 0.63 0.004

Noise 0.69 0.010

Sharpness 0.75 0.020

Artefact elimination 0.71 0.008
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indicating a significant reduction in radiation 
exposure in comparison with standard tri-
phasic CT, where the DLP was 1,985.3 ± 343 
mGy cm (P < 0.001).

Discussion
The objective of this investigation was 

to compare VNE DECT reconstruction with 
actual non-enhanced CT scans for the diag-
nosis of hepatic AE. The authors demonstrat-
ed that VNE images can be used effectively 
in place of TNE images to diagnose hepatic 
AE. Additionally, using VNE images reduces 
exposure to ionizing radiation.

Despite a considerable drop in noise, 
sharpness, and image quality in VNE, this 
study revealed that both non-enhancedscans 
detect liver AE comparably. The authors were 
able to demonstrate that compared with TNE 
images, VNE images significantly reduced ar-
tefacts.

As a result of these findings, the authors 
believe that the genuine non-enhanced 
phase can be substituted with VNE images, 

which enables a substantial reduction in 
radiation dose. If an elimination can be suc-
ceeded in artefacts of VNE images, this meth-
od may provide even more information than 
TNE images. Although VNE attenuation is be-
lieved to be comparable with that of TNE im-
ages, the literature has already showed dis-
crepancies between 5 and 15 HU.10-12 Toepker 
et al.13 found a mean difference of -3.6 ± 8.3 
HU between the non-enhanced and en-
hanced datasets. Consequently, comparable 
attenuation values are observed between 
TNE and VNE images.13 Additional studies 
demonstrated that organ-specific attenu-
ation values exist. Renal parenchyma, liver, 
and aorta all exhibited statistically significant 
variations; however, spleen and fat attenua-
tion did not.14 We believe that by achieving 
perfect interrater agreement between VNE 
and TNE images, we can overcome the lim-
itations imposed by HU differences.

Sun et al.15 examined dual-source DECT 
versus TNE images in 112 suspected gastro-
intestinal bleeding cases and stated that VNE 
had lower image quality and noise levels 

than TNE. These results contradict those of 
this study, which demonstrated a significant 
change in the image quality and an increase 
in noise levels in VNE images.15 Nonetheless, 
the findings were consistent regarding the 
use of VNE images.

Overall, CT was commonly emphasized as 
the best imaging modality to diagnose he-
patic AE, as it enables anatomic and morpho-
logic characterization of lesions and provides 
the most accurate representation of the cal-
cification pattern. Along with the calcifica-
tion pattern, enhancement characteristics 
are critical, particularly when differentiating 
tumoral lesions. After administration of an 
intravenous contrast medium, no significant 
enhancement was observed within the he-
patic AE lesion; however, the fibroinflamma-
tory component surrounding the parasitic 
tissue may have been slightly enhanced in 
the delayed phase.3,16 The primary issue with 
CT examinations in clinical practice, particu-
larly triphasic CT examinations, is the expo-
sure to high doses of radiation.8,16

Although the role of DECT in liver AE has 
been studied recently, previous research has 
focused on the perfusion characteristics of 
hepatic AE lesions, the use of perfusion dif-
ferences to differentiate AE from hepatic 
malignancies, the role of perfusion imaging 
in monitoring treatment response, and the 
presence of periparasitic granulomatous tis-
sue as increased prefusion.16,17 There are no 
prior studies that the authors are aware of 
that examines the diagnostic success of VNE 
images in the diagnosis of liver AE.

Other abdominal pathologies have been 
studied to determine the diagnostic success 
of VNE imaging. When comparing the detec-
tion rates of diseases in VNE and TNE images 
in 15 patients with “acute abdominal pain”, 
Im et al.18 discovered that the detection rates 
and visual quality of the unmodified photo-
graphs were practically comparable. Flors et 
al.19 observed equivalent results while evalu-
ating the presence of endoleak in 48 patients 
following endovascular aortic repair (EVAR). 
By comparing a standard triphasic proce-
dure with actual non-enhanced images and 
a monophasic and biphasic protocol to VNE 
images, they concluded that VNE images 
plus a delayed phase can be employed in 
place of the usual triphasic protocol for post-
EVAR CT examinations.19

This study is not without limitations. First, 
the retrospective nature of the study may 
have introduced a selection bias. However, 
the study included randomly selected pa-
tients to ensure a representative sample. Sec-

Figure 3. Subjective image analysis and diagnostic confidence as rated by the primary reader for TNE and 
VNE. The data are expressed as the mean (range). IQ, image quality; TNE, true non-enhanced; VNE, virtual 
non-enhanced.

Table 4. Diagnostic performance of both methods

Diagnostic performance Median score P value

TNE
n = 100

VNE
n = 100

Diagnostic confidence according to presence of 
calcification 5 (3–5) 4 (2–5) 0.030

TNE, true non-enhanced; VNE, virtual non-enhanced.

Table 5. Interobserver reliability for diagnostic performance of the methods

Diagnostic performance Kappa value (k) P value

Diagnostic confidence according to presence of 
calcification 0.79 0.006
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ond, due to the transferable clinical setting, 
image quality was only subjectively assessed. 
Third, the authors simulated non-enhanced 
images using a single piece of software with-
out comparing it with other pieces of soft-
ware. As a result, more advanced software 
may exist. As in previous studies, VNE images 
had lower HU values than TNE images. When 
compared with enhanced images, it is possi-
ble that this situation will be misinterpreted 
as contrast enhancement. However, because 
this HU change occurs in normal liver paren-
chyma as well, comparing the HU values of 
normal parenchyma and the lesion together 
will resolve the previously mentioned poten-
tial confusion. To confirm these preliminary 
results, a larger cohort or external cross-val-
idation is required.

In conclusion, the findings show that VNE 
images produce equal diagnostic confidence 
and perfect agreement with TNE images for 
assessing liver AE. This implies that VNE im-
ages could replace TNE images, resulting in 
a significant reduction in the radiation dose.
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A model incorporating clinicopathologic and liver imaging reporting 
and data system-based magnetic resonance imaging features to 
identify hepatocellular carcinoma in LR-M observations
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PURPOSE
To evaluate the predictive value of a combination model of Liver Imaging Reporting and Data Sys-
tem (LI-RADS)-based magnetic resonance imaging (MRI) and clinicopathologic features to identify 
atypical hepatocellular carcinoma (HCC) in LI-RADS category M (LR-M) observations.

METHODS
A total of 105 patients with HCC based on surgery or biopsy who underwent preoperative MRI were 
retrospectively reviewed in the training group from hospital-1 between December 2016 and No-
vember 2020. The LI-RADS-based MRI features and clinicopathologic data were compared between 
LR-M HCC and non-HCC groups. Univariate and least absolute shrinkage and selection operator 
regression analyses were used to select the features. Binary logistic regression analysis was then 
conducted to estimate potential predictors of atypical HCC. A predictive nomogram was estab-
lished based on the combination of MRI and clinicopathologic features and further validated using 
an independent external set of data from hospital-2.

RESULTS
Of 113 observations from 105 patients (mean age, 61 years; 77 men) in the training set, 47 (41.59%) 
were classified as LR-M HCC. Following multivariate analysis, aspartate aminotransferase >40 U/L 
[odds ratio (OR): 4.65], alpha-fetoprotein >20 ng/mL (OR: 13.04), surface retraction (OR: 0.16), en-
hancing capsule (OR: 5.24), blood products in mass (OR: 8.2), and iso/hypoenhancement on delayed 
phase (OR: 10.26) were found to be independently correlated with LR-M HCC. The corresponding 
area under the curve for a combined model-based nomogram was 0.95 in the training patients (n = 
113) and 0.90 in the validation cohort (n = 53).

CONCLUSION
The combined model incorporating clinicopathologic and MRI features demonstrated a satisfacto-
ry prediction result for LR-M HCC.
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imaging, model
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The Liver Imaging Reporting and Data 
System (LI-RADS) is a comprehensive, 
dynamic system that is constantly up-

dated with user feedback, evolving knowl-
edge, and technological advancements for 
patients with or at risk of hepatocellular 
carcinoma (HCC).1,2 In the most  recent  ver-
sion, published in 2018 (v2018), the LI-RADS 
M category (LR-M) represents observations 
that are probably or definitely malignant but 
not specific to HCC. However, based on cur-
rent LI-RADS data, approximately one-third 
of all LR-M lesions are categorized as HCC, 
approximately two-thirds are categorized as 
non-HCC malignancies, and approximately 
5% are categorized as benign.1,3 HCC with 
atypical features in the LR-M category should 
be diagnosed early to determine treatment 
options, as the biological behavior and prog-
noses differ between HCC and non-HCC ma-
lignancies.1,4 However, more importantly, dis-
tinguishing HCC from non-HCC malignancies 
remains extremely challenging,1,5 especially 
under the assumption that the presence of 
any LR-M features indicates LR-M. Due to the 
partial overlap between LR-M HCC and LR-M 
non-HCC malignancies with respect to the 
pathological components, clinical  presenta-
tions, and imaging features, a biopsy is re-
quired for diagnosis.5-7 Additionally, imaging 
is usually required for guidance.5

For the diagnosis of HCC, multimodal-
ity  imaging  in  cross-sections, especially 
dynamic contrast-enhanced magnetic res-
onance imaging (MRI), is one of the most 
effective tools due to the diagnostic in-
formation obtained from different MRI se-
quences.1,5,7,8 The LR-M diagnosis criteria are 

composed of non-targetoid and targetoid 
masses. The latter represents intrahepat-
ic  cholangiocarcinoma (ICC), combined he-
patocellular-cholangiocarcinoma, or HCC 
with atypical features. In addition, there are 
many other features, such as major and an-
cillary features, that favor HCC specifically or 
that are not included in LI-RADS.1 Therefore, 
if support can be found for LR-M HCC in nu-
merous features not restricted to LR-M crite-
ria, it may not be necessary for some patients 
with a high risk of LR-M malignancies to un-
dergo a biopsy. In this way, it may be possi-
ble to optimize the discrimination of HCC 
from non-HCC in LR-M lesions and to avoid 
significant  complications by invasive tissue 
sampling. Following the identification of 
discriminative features, relative models were 
developed based on a variety of feature sets. 
Previous studies have focused on the dis-
crimination of LR-M categories with different 
imaging features.9-13 However, few studies 
have proposed a non-invasive and compre-
hensive contrast-enhanced MRI model for 
the status of LR-M HCC with serology  tests 
that are reasonably priced and readily avail-
able.

Based on these gaps in the literature, this 
study aimed to evaluate the predictive value 
of a combined model of MRI and clinicopath-
ological features for identifying atypical HCC 
in LR-M observations.

Methods

Training patients

The protocol for this retrospective study 
was approved by the Shanghai General Hos-
pital Institutional Review Board [(2023) 171, 
5/16/2023] of the two hospitals in the study, 
and the requirement for informed consent 
was waived. A total of 375 consecutive pa-
tients were first identified from the first 
center [Hospital-1, Shanghai General Hospi-
tal-North (city center)] between December 
2016 and November 2020. The inclusion cri-
teria based on the LI-RADS v2018 diagnostic 
algorithm were as follows: (a) adult patients 
(≥18 years old), (b) patients with cirrhosis 
and/or chronic hepatitis B viral infection, (c) 
patients who had undergone a preoperative 
contrast-enhanced MRI within 3 weeks be-
fore surgery or biopsy, and (d) patients with 
LR-M features based on MRIs.1 A total of 160 
patients without eligible clinical and imag-
ing data were excluded for the following rea-
sons: (a) they had prior hepatic malignancies 
(n = 25), (b) important clinical data relating 
to them, such as levels of alpha-fetoprotein 
(AFP), carbohydrate antigen-199, carcinoem-

bryonic antigen, and aspartate aminotrans-
ferase (AST) were not available (n = 78), (c) 
they had received oncological treatment be-
fore undergoing MRI (n = 50), or (d) their MRI 
were of insufficient quality (n = 7), including 
5 patients without the optimal timing arteri-
al phase. Additionally, after imaging analysis, 
110 patients were excluded for the following 
reasons: (e) they had coexisting LR-4 (prob-
able HCC) and/or LR-5 (definite HCC) lesions 
(n = 78) for the reason that there was no way 
to determine either LR-M lesions or the coex-
isting LR-4 and/or LR-5 lesions contributing 
to serum tumor marker levels, (f ) they had 
tumors in the vein (n = 30), or (g) they had 
cirrhosis due to a vascular disorder or diffuse 
nodular regenerative hyperplasia based on 
LI-RADS v2018 (n = 2). Ultimately, 105 pa-
tients were included in the study, and each 
patient was categorized into the LR-M HCC 
group (n = 43) or the non-HCC group (n = 62) 
(Figure 1).

Magnetic resonance image acquisition

All MRI abdominal images were obtained 
on a 3.0-Tesla clinical scanner [Philips Inge-
nia (Philips Healthcare) or General Electrical 
(GE) Discovery 750W (GE Healthcare)] using 
a body phased-array coil. The convention-
al abdominal MRI protocol consisted of the 
following sequences: T1-weighted (in-phase 
and out-of-phase), T2-weighted, and diffu-
sion-weighted imaging (DWI) (b = 0, 500, 
1,000 s/mm2). Corresponding maps of the 
apparent diffusion coefficient (ADC) were 
automatically calculated by the MRI system. 
For dynamic contrast-enhanced imaging, a 
three-dimensional gradient echo sequence 
with T1 high-resolution isotropic volume ex-
amination or liver acquisition with volume 
acceleration was performed before and af-
ter intravenous injection of gadopentetate 
dimeglumine. The contrast media (Magnev-
ist; Bayer Healthcare, Germany, 0.1 mmol/
kg) was injected at a rate of 1–2 mL/sec fol-
lowed by a flush with a maximum dose of 20 
mL saline. Hepatic arterial (early and late), 
portal, and equilibrium phase images were 
obtained at 15–25, 60–80, and 180 sec after 
contrast medium injection, respectively. The 
hepatobiliary agents were not used for ab-
dominal MRI. Detailed MRI scanner parame-
ters are shown in Supplementary Table 1.

Imaging analysis

All MRIs were assessed using the same pic-
ture archiving and communication system 
(Pathspeed, GE Medical Systems Integrated 
Imaging Solutions, Prospect, IL). An analysis 
of the images was performed independent-

Main points

•	 This retrospective study of 113 hepatocellu-
lar carcinomas (HCCs) at dynamic-enhanced 
magnetic resonance imaging (MRI) evaluat-
ed the predictive value to identify Liver Im-
aging Reporting and Data System (LI-RADS) 
M (LR-M) HCC in a combination model in-
corporating LI-RADS-based MRI and clinico-
pathologic features.

•	 In the combined model, aspartate amino-
transferase >40 U/L [odds ratio (OR): 4.65)], 
alpha-fetoprotein >20 ng/mL (OR: 13.04), 
surface retraction (OR: 0.16), enhancing cap-
sule (OR: 5.24), blood products in mass (OR: 
8.2) and iso/hypoenhancement on delayed 
phase (OR: 10.26) were independent predic-
tors of LR-M HCC. 

•	 The nomogram-based model had satisfac-
tory performance to discriminate LR-M HCC 
from LR-M non-HCC (area under the curve: 
0.95 for the training set and 0.90 for the val-
idation set).
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Table 1. The clinicopathologic characteristics of training and validation patients

Characteristics Training patients Comparison with validation patients

HCC group Non-HCC group P value Training set Validation set P value

No. of patients* 43 (40.95) 62 (59.05)  105 50

Sex* (no. of male/female) 31 (72.09)/12 (27.91) 46 (74.19)/16 (25.81) 0.682 77 (73.33)/28 (26.67) 36 (72)/14 (28) 0.141

Mean age (years)^ 57 ± 14 63 ± 13 0.034 61 ± 14 59 ± 13 0.182

Etiology of liver disease* 1.000 0.262

Hepatitis B virus 41 (95.35) 57 (91.94) 98 (93.33) 47 (94)

Hepatitis C virus 1 (2.33) 0 (0) 1 (0.95) 0 (0)

Alcoholic liver disease 0 (0) 1 (1.61) 1 (0.95) 0 (0)

None or other virus 1 (2.33) 4 (6.45) 5 (4.76) 3 (6)

Cirrhosis* 25 (58.14) 23 (37.10) 0.146 48 (45.71) 21 (42) 0.431

Blood tests

Total bilirubin level (umol/L)# 18.0 (6.0–76.0) 14.7 (6.3–119.5) 0.206 16.0 (6.0–119.5) 18.0 (32.1–151.0) 0.986

Albumin level (g/L)^ 38.6 ± 5.2 38.6 ± 7.7 0.994 38.6 ± 6.8 36.6 ± 6.1 0.098

AST level (U/L)* (≤40/>40) 24 (51.06)/23 (48.94) 55 (83.33)/11 (16.67) 0.002 79 (69.91)/34 (30.09) 36 (67.92)/17 (32.08) >0.999

ALT level (U/L)* (≤50/>50) 30 (63.83)/17 (36.17) 50 (75.76)/16 (24.24) 0.169 80 (70.80)/33 (29.20) 39 (73.58)/14 (26.42) >0.999

Alkaline phosphatase level (U/L)# 87.0 (35.0–215.0) 99.6 (27.0–354.0) 0.625 90.0 (27.0–354.0) 81.0 (29.0–300.0) 0.613

Blood platelet level (x109/L)^ 174.0 ± 84.6 182.5 ± 62.6 0.539 179.0 ± 72.4 181.4 ± 79.6 0.695

Serum tumor markers*

AFP (ng/mL) (≤20/>20) 20 (42.55)/27 (57.45) 57 (86.36)/9 (13.64) <0.001 77 (68.14)/36 (31.86) 32 (60.38)/21 (39.62) 0.972

CA19-9 (U/mL) (≤37/>37) 37 (78.72)/10 (21.28) 44 (66.67)/22 (33.33) 0.161 81 (71.68)/32 (28.32) 39 (73.58)/14 (26.42) 0.494

CEA (μg/mL) (≤5/>5) 41 (87.23)/6 (12.77) 45 (68.18)/21 (31.82) 0.019 86 (76.11)/27 (23.89) 43 (81.13)/10 (18.87) 0.969

Pathologic diagnosis* 0.447 0.088

Figure 1. A flowchart illustrating the inclusion and exclusion criteria used in enrolling our Liver Imaging Reporting and Data System M observations of training (a) 
and validation (b) sets. LR-4, probable HCC; LR-5, definite HCC; LI-RADS v2018, LI-RADS version published in 2018; HCC, hepatocellular carcinoma; LI-RADS, Liver 
Imaging Reporting and Data System.
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ly by two abdominal radiologists, X-X.H. and 
L.Z., who had 7 and 23 years of experience 
in hepatic imaging, respectively. They were 
both blinded to any outcome information of 
patients, and disagreements were resolved 
by discussion based on bookmarked images, 
which were used as a guide.

The MRI morphological features were 
evaluated according to the LI-RADS v2018, 
including major, ancillary, and LR-M signs. 
The threshold growth was not included be-
cause there was only one examination per 
patient in the analysis. Moreover, the MRI sig-
nal intensity was evaluated at T1-weighted, 
T2-weighted, DWI, and postcontrast phase 
for the whole observation. Furthermore, the 
enhancement pattern of each observation 
was evaluated at the postcontrast phase. To 
avoid the influence of variable internal nod-
ules, compartments, or septations on signal 
intensity in mosaic architecture, the hyper/
iso/hypo signal intensity was defined as 
>50% of the whole observation showing vi-
sually assessed hyper/iso/hypo signal in the 
dynamic enhancement MRI and DWI within 
an observation. 

Model building

First, for LR-M HCC, screening the risk fac-
tors consisting of clinicopathology and MRI 

was performed using univariate analysis. 
Second, the least absolute shrinkage and se-
lection operator (LASSO) regression was used 
for further screening of the selected variables 
to discourage the  use  of  overfit  data in the 
model. Additionally, as a result of constraints, 
those variables with a prevalence (<5% or 
>95%) were also discarded, considering their 
limited application in identifying different 
LR-M observations to ease model overfitting. 
Finally, a binary logistic regression analysis 
was conducted with backward stepwise se-
lection. Variables with P values <0.05 were 
recognized as potential risk factors for LR-M 
HCC, and corresponding models were simul-
taneously established (Figure 2).

Validation patients

Another retrospective validation study 
consisting of 50 patients from the second 
center [Hospital-2, Shanghai General Hospi-
tal-South (Songjiang new city)] between De-
cember 2020 and March 2022 was available to 
verify the proposed predictive model. Patients 
were included and excluded using the same 
criteria as those in the training set, which were 
then used to validate (Figures 1, 2).

Statistical analysis

The descriptive statistics of data were 
given as mean ± standard deviation for nor-

malized variables and median (min–max) 
for non-normalized variables after a normal-
ity analysis of continuous variables using 
the Shapiro–Wilk test. For the categorical 
variables, descriptive statistics were report-
ed as numbers and percentages (n, %). Con-
tinuous variables were compared using Stu-
dent’s t-test or the Mann–Whitney  U  test. 
Categorical variables were analyzed with 
the χ2 test or Fisher’s exact test where appli-
cable. Univariate analysis and LASSO regres-
sion analysis were performed to identify the 
risk factors to discriminate LR-M HCC and 
LR-M non-HCC. Binary logistic regression 
analysis was then conducted to build clin-
icopathologic, MRI, and combined models. 
Receiver operating characteristics (ROC) 
analysis was finally performed with cor-
responding areas under the curve (AUCs) 
computed. Inter-observer agreement analy-
sis for MRI features was performed using Co-
hen’s kappa statistics (slight, 0.00–0.20; fair, 
0.21–0.40; moderate, 0.41–0.60; substantial, 
0.61–0.80; perfect, 0.81–1.00). Values of P < 
0.05 were considered statistically significant. 
All data analyses were performed using 
MedCalc  software (MedCalc  20.022;  Med-
Calc, Mariakerke, Belgium) and R software 
(version 3.4.1).

Table 1. Continued

Characteristics Training patients Comparison with validation patients

HCC group Non-HCC group P value Training set Validation set P value

HCC 47 (100) 0 (0) 47 (41.59) 20 (37.74)

Non-HCC malignancies ND 56 (84.85) 56 (49.56) 32 (60.38)

ICC ND 34 (51.52) 27 (50.94)

cHCC-CCA ND 7 (16.67) 2 (3.77)

Metastasis ND 10 (15.15) 2 (3.77)

Other primary liver malignancies ND 5 (7.58) 1 (1.89)

Benign lesions* ND 10 (15.15) 10 (8.85) 1 (1.89)

No. of LR-M observations 47 66 0.714 113 53

One/two 39 (90.70)/4 (9.30) 58 (93.55)/4 (6.45) 97 (92.38)/8 (7.62) 47 (94)/3 (6)

Maximum diameter of tumor (mm)# 46.0 (12.0–148.0) 56.5 (12.0–76.0) 0.616 52.0 (12.0–176.0) 38.0 (5.0–106.6)  0.747

Subgroup (mm)* (<20/≥20) 7 (14.89)/40 (85.11) 5 (7.58)/61 (92.42) 0.350 12 (10.62)/101 (89.38) 7 (13.21)/46 (86.79) >0.999

MRI morphology type* 0.205 0.995

Round or oval 20 (42.55) 30 (45.45) 50 (44.25) 27 (50.94)

Round or oval with focal 
protrusions 6 (12.77) 2 (3.03) 8 (6.19) 4 (7.55)

Lobulated 4 (8.51) 10 (15.15) 14 (12.39) 5 (9.43)

Irregular growth 17 (36.17) 24 (36.36) 41 (36.28) 17 (32.08)

All P values less than 0.05 are bold. Except where indicated, data are the number of patients or observations. *Numbers in parentheses are percentages; ^data are means 
± standard deviations; #date are median (min–max). ND, stands for not done; No.; number of training or validation patients; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; AFP, alfa-fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; 
cHCC-CCA, combined HCC-cholangiocarcinoma; MRI, magnetic resonance imaging.
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Results

Clinicopathologic characteristics

A total of 105 patients (mean age, 61 ± 14 
years; 77 men) with 113 liver observations 
were classified as the training set, which 
comprised 47 (41.59%) LR-M HCC malignan-
cies, 56 (49.56%) LR-M non-HCC malignan-
cies, and 10 (8.85%) benign lesions. Seven 
patients were diagnosed by biopsy, and each 
patient had one observation. A total of 50 pa-
tients (mean age, 59 ± 13 years; 36 men) with 

53 liver observations were classified as the 
validation set. The training set comprised an 
HCC group (mean age, 57 ± 14 years; 31 men, 
12 women) and a non-HCC group (mean age, 
63 ± 13 years; 46 men, 16 women) (P = 0.03 ). 
There was no significant difference between 
the sex distributions of the two groups (P = 
0.682), but there was a statistically significant 
difference in the ages of the two groups (P 
= 0.034). In the training set, hepatitis B virus 
infection was observed in most patients, 
whether in the HCC group [41 (95.35%)] or 
in the non-HCC group [57 (91.94%9], where-

as other etiologies occurred rarely. The AST 
levels >40 U/L and serum AFP levels >20 ng/
mL were both significantly higher (P = 0.002, 
P < 0.001, respectively) in the HCC group [23 
(48.94%); 27 (57.45%)] than in the non-HCC 
group [11 (16.67%); 9 (13.64%)]. However, se-
rum carcinoembryonic antigen levels ≤5 μg/
mL were more likely to be lower in the HCC 
group [41 (87.23%)] than in the non-HCC 
group [45 (68.18%)] (P = 0.019). There were 
no significant differences in the remaining 
demographic variables between the two 
groups. Additionally, no variables were sig-
nificantly different between the training and 
validation sets. An overview of the data is 
presented in Table 1.

Univariate analysis of magnetic resonance 
imaging features

The MRI features of the LR-M HCC and non-
HCC groups are summarized in Table 2. Fif-
teen MRI features remained after univariate 
analysis. For the LR-M targetoid appearance, 
14 (29.79%) cases had peripheral washout 
in the HCC group compared with 6 (9.09%) 
in the non-HCC group (P = 0.004), whereas 
only 3 (6.38%) cases had delayed central en-
hancement in the HCC group compared with 
16 (24.24%) cases in the non-HCC group (P = 
0.012). For LR-M nontargetoid appearance, 
marked diffusion restriction [11 (23.40%) cas-
es], surface retraction [6 (12.77%) cases] and 
peritumoral bile duct dilatation [5 (10.64%) 
cases] were less frequent in the HCC group 
than in the non-HCC group [28 (42.42%), 32 
(48.48%), and 29 (43.94%) cases, respective-
ly] (P = 0.036, P < 0.001, P < 0.001, respec-
tively). In regard to major features, capsular 
enhancement was more frequent in the HCC 
group [25 (53.19%) cases] than in the non-
HCC group [15 (22.73%) cases] (P = 0.001). 
Regarding the ancillary features favoring 
HCC, all variables were significantly different 
between the two groups. For the signal in-
tensity and enhancement pattern, washout 
or isoenhancement on the portal venous or 
delayed phase (DP) was present among 21 
cases in the HCC group (44.68%) and only 
4 cases in the non-HCC group (6.06%) (P < 
0.001). Hyperenhancement was not signifi-
cantly more common in the portal venous 
phase or DP in the HCC group than in the 
non-HCC group. The hyperintensity on DWIs 
constituted the majority of observations in 
both groups, with P = 0.016.

Feature selection

The results of the selection algorithm are 
detailed in Figure 2. A total of 19 variables 
related to clinicopathology and MRI met the 

Figure 2. A workflow for creating clinicopathologic, MRI, and combined diagnostic models identifying 
Liver Imaging Reporting and Data System M hepatocellular carcinoma. LI-RADS v2018, LI-RADS version 
published in 2018; AFP, alpha-fetoprotein; AST, aspartate aminotransferase; CEA, carcinoembryonic antigen; 
LASSO, least absolute shrinkage and selection operator; DWI, diffusion-weighted imaging; MRI, magnetic 
resonance imaging; LI-RADS, Liver Imaging Reporting and Data System.
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Table 2. MRI Features based on LI-RADS for identifying LR-M HCC and non-HCC: univariate analysis

MRI features HCC group (n = 47) Non-HCC group (n = 66) Kappa 
value

Prevalence P value

LR-M

Targetoid appearance^

Rim APHE 36 (76.60) 51 (77.27) 0.91 0.933

Peripheral washout 14 (29.79) 6 (9.09) 0.89 0.18 0.004

Delayed central enhancement 3 (6.38) 16 (24.24) 0.90 0.17 0.012

Targetoid restriction 15 (31.91) 22 (33.33) 0.84 0.874

Non-targetoid appearance^

Infiltrative appearance 20 (42.55) 24 (36.36) 0.78 0.506

Marked diffusion restriction 11 (23.40) 28 (42.42) 0.86 0.35 0.036

Necrosis or severe ischemia 16 (34.04) 21 (31.82) 0.80 0.804

Surface retraction 6 (12.77) 32 (48.48) 0.95 0.34 <0.001

Peritumoral bile duct dilatation 5 (10.64) 29 (43.94) 0.87 0.30 <0.001

Major features^

Non-rim APHE 5 (10.64) 3 (4.55) 0.81 0.274

Non-peripheral washout 1 (2.13) 0 (0) 0.67 0.416

Enhancing capsule 25 (53.19) 15 (22.73) 0.92 0.35 0.001

Ancillary features^
Favoring HCC

Non-enhancing capsule 5 (10.64) 0 (0) 0.70 0.04 0.011

Nodule-in-nodule architecture 7 (14.89) 1 (1.52) 0.81 0.07 0.009

Mosaic architecture 16 (34.04) 10 (15.15) 0.88 0.23 0.019

Fat in mass, more than adjacent liver 15 (31.91) 0 (0) 0.96 0.13 <0.001

Blood products in mass 19 (40.43) 6 (9.09) 0.91 0.22 <0.001

Favoring malignancy

Corona enhancement 7 (14.89) 17 (25.76) 0.81 0.164

Fat sparing in solid mass 2 (4.26) 4 (6.06) 0.79 1.000

Iron sparing in solid mass 1 (2.13) 1 (1.52) 0.72 1.000

Restricted diffusion 46 (97.87) 65 (98.48) 0.95 1.000

Mild-moderate T2 hyperintensity 42 (89.36) 57 (86.36) 0.96 0.634

Other features

Enhancement pattern^ 0.80 <0.001 

Progressive or persistent/washout or iso enhancement on 
PVP or DP 26 (55.32)/21 (44.68) 62 (93.94)/4 (6.06) 0.78/0.22

Signal intensity on AP^ 
Hyper/(iso/hypo) 40 (85.11)/7 (14.89) 56 (84.85)/10 (15.15) 0.97 0.97

Signal intensity on PVP^ 
Hyper/(iso/hypo) 26 (55.32)/21 (44.68) 56 (84.85)/10 (15.15) 0.93 0.73/0.27 0.001

Signal intensity on DP^
Hyper/(iso/hypo) 21 (44.68)/26 (55.32) 59 (89.39)/7 (10.61) 0.91 0.71/0.29 <0.001

Signal intensity on T1-weighted images* 
Hyper/iso/hypo 3 (6.38)/2 (4.26)/42 (89.36) 1 (1.52)/3 (4.55)/62 (93.94) 0.96 0.355

Signal intensity on T2-weighted images* 
Hyper/iso/hypo 44 (93.62)/2 (4.26)/1 (2.13) 64 (96.97)/2 (3.03)/0 (0) 0.96 0.299

Signal intensity on DWI images* 
Hyper/iso/hypo 43 (91.49)/2 (4.26)/2 (4.26) 66 (100)/0 (0)/0 (0) 0.90 0.96/0.02/0.02 0.016

All P values less than 0.05 are bold. Data are numbers of observations, with percentages in parentheses. ^Chi-square test; *Mann–Whitney U test; LI-RADS, Liver Imaging 
Reporting and Data System; HCC, hepatocellular carcinoma; APHE, arterial phase hyperenhancement; PVP, portal venous phase; DP, delayed phase; AP, arterial phase; DWI, 
diffusion-weighted imaging; MRI, magnetic resonance imaging.
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criteria for univariate analysis. By performing 
a LASSO regression analysis, 14 variables with 
non-zero coefficients were then entered into 
the training set (λ: 0.017655622). Finally, two 
variables (non-enhancing capsule and signal 
on DWIs) were removed from the model due 
to the prevalence being too high or low.

Multivariate analysis

Detailed results are presented in Table 3. 
The diagnostic model of LR-M HCC based 
on only clinicopathological  characteristics 
showed that both AST [odds ratio (OR): 6.72; 
95% confidence interval (CI): 2.44, 18.49; P < 
0.001] and AFP (OR: 11.19; 95% CI: 4.05, 30.90; 
P < 0.001) were significant risk factors for 

HCC. The second model based on only MRI 
features showed that surface retraction (OR: 
0.11; 95% CI: 0.03, 0.40; P < 0.001), capsular 
enhancement (OR: 6.69; 95% CI: 2.13, 21; P = 
0.001), blood products in mass (OR: 6.25; 95% 
CI: 1.7, 23; P = 0.006), and iso/hypoenhance-
ment on DP (OR: 12.76; 95% CI: 3.67, 44.36; P 
< 0.001) were significant risk factors for HCC. 
The combined model consisting of clinico-
pathological and MRI factors showed that all 
of the abovementioned variables with differ-
ent ORs and 95% CIs were associated with 
HCC (Figure 3). As a final step, a forest plot 
and nomogram were developed after identi-
fying those factors.

Diagnostic performance of different mod-
els from the training and validation sets

An assessment of diagnostic test results 
using ROC curve analysis was further per-
formed to identify LR-M HCC for different 
models (Figure 4). The AUCs with 95% CIs 
were 0.81 (0.72, 0.88), 0.89 (0.81, 0.94), and 
0.95 (0.89, 0.98) for the clinicopathological 
model, MRI model, and combined model in 
the training set, respectively. The AUCs with 
95% CIs were 0.74 (0.61, 0.85), 0.88 (0.76, 
0.95), and 0.90 (0.76, 0.97) for the clinicopath-
ological model, MRI model, and combined 
model in the validation set, respectively. The 
corresponding sensitivities, specificities, pos-
itive predictive values, negative predictive 
values, positive likelihood ratios, negative 
likelihood ratios, and cut-off values are de-
tailed in Table 4.

Prediction of the nomogram and construc-
tion of external validation

A ROC curve was also drawn to assess the 
diagnostic accuracy of LR-M HCC in the val-
idation set (Figure 4). The AUC value of the 
combined model [OR (95% CI), 0.90 (0.76, 

Table 3. Clinicopathologic and MRI features associated with LR-M HCC: binary logistic regression analysis

Features Clinicopathologic model MRI model Combined model

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Clinicopathologic

AST (>40)* 6.72 (2.44, 18.49) 0.002 4.65 (1.09, 19.92) 0.038

AFP (> 20)* 11.19 (4.05, 30.90) <0.001 13.04 (3.16, 53.90) <0.001

MRI

Surface retraction (non)* 0.11 (0.03, 0.40) <0.001 0.16 (0.04, 0.62) 0.008

Enhancing capsule (no)^ 6.69 (2.13, 21.00) 0.001 5.24 (1.47, 18.64) 0.012

Blood products in mass (non)* 6.25 (1.70, 23.00) 0.006 8.20 (1.71, 39.22) 0.008

Signal intensity on DP (iso/hypo)* 12.76 (3.67, 44.36) <0.001 10.26 (2.38, 44.22) 0.002

*/^Contents in parentheses are reference categories. Non/no stands for the negative of the variables. “No” refers to only no enhancing capsule, but not refers to non-enhancing 
capsule, which was removed from the analysis due to low prevalence. Hosmer and Lemeshow goodness of fit test was performed for the combined model with a P value of 0.370, 
illustrating no evidence of poor fit. LI-RADS M, Liver Imaging Reporting and Data System M; HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence intervals; AST, aspartate 
aminotransferase; AFP, alpha-fetoprotein; DP, delayed phase, MRI, magnetic resonance imaging.

Figure 3. A forest plot (a) used to display the prognostic factors of the Liver Imaging Reporting and Data 
System (LI-RADS) M (LR-M) hepatocellular carcinoma (HCC) in the combined model. A nomogram (b) 
for predicting the LR-M HCC probabilities based on the combined model. The points were obtained by 
drawing a vertical line from the single variable axis to the point axis for each factor. The total points were 
then projected onto the bottom axis to obtain a personalized probability of LR-M HCC risk. AFP, alpha-
fetoprotein; AST, aspartate aminotransferase; DP, delayed phase; HCC, hepatocellular carcinoma; OR, odds 
ratio; CI, confidence interval.
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0.97)] was greater than that of both the clin-
icopathological [0.74 (0.61, 0.85)] and MRI 
models [0.88 (0.76, 0.95)] in the validation 
set, similar to the results mentioned earlier 

in the training set. Overall, the combined 
model had the strongest predictive value in 
both the training and validation sets, with 
a concordance index (C-index) of 0.948 and 

0.899, respectively. As shown by the calibra-
tion  plots (Figure 4), both the training and 
validation sets showed good consistency be-
tween the predictions and the actual obser-

Figure 4. A receiver operating characteristic curve used to evaluate the diagnostic value for the Liver Imaging Reporting and Data System M hepatocellular 
carcinoma of clinicopathologic, MRI, and combined model in the training (a) and validation (b) sets. A calibration curve was used to evaluate the calibration 
performance of the combined model in the training (c) and validation (d) sets. ROC, receiver operating characteristic; AUC, area under the curve; HCC, hepatocellular 
carcinoma; MRI, magnetic resonance imaging.

Table 4. The diagnostic performance of the clinicopathologic, MRI, and combined model for identifying LR-M HCC and non-HCC

Model Training patients Validation patients

Clinicopathologic 
model

MRI model Combined 
model

Clinicopathologic 
model

MRI model Combined model

AUC (95% CI)
P value

0.81 (0.72, 0.88)
<0.001

0.89 (0.81, 0.94)
<0.001

0.95 (0.89, 0.98)
<0.001

0.74 (0.61, 0.85)
0.003

0.88 (0.76, 0.95)
<0.001

0.90 (0.76, 0.97)
<0.001

Sensitivity (95% CI) 83.0 (69.2, 92.4) 85.1 (71.7, 93.8) 93.6 (82.5, 98.7) 70.0 (45.7, 88.1) 90.0 (68.3, 98.8) 95.0 (75.1, 99.9)

Specificity (95% CI) 71.2 (58.7, 81.7) 84.9 (73.9, 92.5) 87.9 (77.5, 94.6) 78.8 (61.1, 91.0) 78.8 (61.1, 91.0) 75.8 (57.7, 88.9)

PPV (95% CI) 67.2 (57.9, 75.4) 80.0 (69.1, 87.8) 84.6 (74.1, 91.4) 66.7 (49.4, 80.4) 72.0 (56.7, 83.5) 70.4 (56.3, 81.4)

NPV (95% CI) 85.5 (75.4, 91.8) 88.9 (80.0, 94.1) 95.1 (86.6, 98.3) 81.2 (68.4, 89.6) 79.5 (69.2, 87.0) 96.2 (78.6, 99.4)

PLR (95% CI) 2.88 (1.93, 4.30) 5.62 (3.13, 10.1) 7.72 (4.02, 14.9) 3.3 (1.61, 6.76) 4.2 (2.16, 8.32) 3.92 (2.13, 7.22)

NLR (95% CI) 0.24 (0.12, 0.46) 0.18 (0.09, 0.35) 0.07 (0.02, 0.22) 0.38 (0.19, 0.76) 0.43 (0.25, 0.73) 0.07 (0.01, 0.45)

Cut-off value 0.15 0.24 0.33 0.19 0.10 0.07

LI-RADS M, Liver Imaging Reporting and Data System M; HCC, hepatocellular carcinoma; AUC, area under the curve; CI, confidence intervals; PPV, positive predictive value; NPV, 
negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; MRI, magnetic resonance imaging.
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vations. The clinical use of decision curve 
analysis for the LR-M HCC nomogram is pre-
sented in Figure 5. Ultimately, two examples 
of a nomogram application in practice are 
presented in Figure 6.

Discussion
Recently, various prognostic models for 

LR-M lesions have been described,11-15 but 
an ideal model combining clinicopathologic 
and MRI features for discriminating LR-M HCC 
from other observations has not been devel-
oped. In a previous study,12 targetoid tumors 
and enhancing capsules were combined to 
identify LR-M HCC, which showed high spec-
ificity (93.8%) but low sensitivity (76.6%). In 
this study, the authors established a nomo-
gram-based combined model including AST, 
AFP, and MRI (surface retraction, enhancing 
capsule, blood products in mass, and iso/hy-
poenhancement on DP) features to classify 
LR-M HCC. The model had a high sensitivity 
(training, 93.6%; validation, 95%) for iden-
tifying LR-M HCC with specificity (training, 
87.9%; validation, 75.8%). The nomogram 

for identifying LR-M HCC yielded satisfactory 
results in the training (C-index 0.948) and val-
idation (C-index 0.899) datasets.

High AFP levels [OR: 13.04; 95% CI: (3.16, 
53.9)] had the strongest association with 
LR-M HCC and had the highest weight  in 
the  nomogram-based model. AFP levels 
played an important role in distinguish-
ing  LR-M HCC  from other observations in 
previous studies,16-18 and AFP expression was 
also higher in cytokeratin 19-positive pa-
tients with HCC who were more coincident 
with imaging features for LR-M HCCs.13,19 
Thus, AFP levels may be used to identify LR-M 
HCCs, but with the consideration that AFP 
levels were also high in patients with com-
bined HCC-cholangiocarcinoma (cHCC-CCA). 
In our current study, cHCC-CCA was com-
prised of only 10.61% of LR-M non-HCC in the 
training set and only 6.06% in the validation 
set. A relatively small amount of cHCC-CCA 
may have had an impact on the significance 
of AFP. Therefore, discrimination between 
LR-M HCCs and LR-M non-HCCs based on 
AFP levels remains to be further confirmed in 

a larger study. The AST levels [OR: 4.65; 95% 
CI, (1.09, 19.92)] were of minimal importance 
for our model, even though it was regarded 
as a predictor for LR-M HCC. It is possible that 
the microenvironment of the chronic inflam-
matory response of the liver and subsequent 
liver damage contributed to HCC,7,20,21 which 
resulted in clinically higher AST levels among 
patients with impaired hepatic function.

As the strongest contributor to the MRI 
model, iso/hypoenhancement on DP [OR: 
10.26; 95% CI, (2.38, 44.22)] ranked second 
only to AFP levels for identifying LR-M HCC 
in the combined model. Previous studies 
showed that hyperintensity on DP was more 
common in ICC than in atypical HCC.6,15 These 
findings were similar to the authors’ findings 
that hyperintense lesions accounted for most 
LR-M non-HCC lesions (89.39%), of which 
more than half were ICC. The reason may be 
linked to the relatively abundant pathologi-
cal fibrosis of ICC compared with LR-M HCC, 
which can mimic conventional HCC.22,23 On 
the contrary, sparing fibrosis in LR-M HCC 
makes a relatively weak contribution to the 
prolonged retention of extracellular gado-
linium contrast  agent, which results in iso-
intense or hypointense on DP in LR-M HCC.

In addition to iso/hypoenhancement on 
DP, both enhancing capsule [OR: 5.24; 95% 
CI: (1.47, 18.64)] and surface retraction [OR: 
0.16; 95% CI, (0.04, 0.62)] were correlated 
with LR-M HCC. Enhancing capsule suggest-
ed more fibrous tissue peripherally, which 
represented expansile growth in atypical 
HCC.14,22 In contrast, more than half (51.52%) 
of the non-HCC cases in the study were ICC 
cases, which contained a higher proportion 
of tumor cells peripherally, manifesting an 
uncommon capsule appearance.24 Although 
a small fraction of HCCs may mimic patho-
logical findings of ICCs based on similar bili-
ary differentiation,25,26 enhancing capsule still 
reliably predicted LR-M HCC. Conversely, sur-
face retraction occurred less frequently [6/47 
(12.77%)] in the LR-M patients with HCC. It 
is possible that surface retraction was fre-
quently observed in mass-forming ICC with a 
relatively fibrotic component instead of HCC, 
as described in previous studies.15,27 

Blood products in mass [OR: 8.2; 95% CI, 
(1.71, 39.22)] was associated with LR-M HCC. 
This feature accounted for 40.43% of LR-M 
HCC lesions, similar to a 50% proportion 
reported by Jiang et al.13 Another study in-
dicated that blood products in mass may 
be useful for differentiating LR-M HCC from 
non-HCC malignancies.28 Usually, hemor-
rhage represents rapidly  growing  tumors Figure 5. A decision curve analysis performed to characterize the potential decision thresholds in the 

training (a) and validation (b) sets. HCC, hepatocellular carcinoma.
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with an increasing level of malignancy, and 
the tumor vasculature is corresponding-
ly disrupted. Compared with conventional 
HCC, LR-M patients with HCC experienced a 
worse prognosis and were also characterized 
by abundant blood supply.19,25,29 This may 

explain why LR-M HCC cases had a signifi-
cantly higher incidence of blood products 
than non-HCC cases with a relatively insuffi-
cient blood supply.

The study’s predictive model of LR-M HCC 
was developed using univariate, LASSO, and 

multivariate analysis, which effectively en-
abled the feature selection. For the training 
cohort, the prediction model that contained 
six selected factors yielded an AUC of 0.95. 
The calibration curve results showed satis-
factory agreement between the predicted 
LR-M HCC rates and observed probability. 
The validation of the nomogram-based 
model is crucial in avoiding overfitting and 
determining the generalization.30 Thus, ex-
ternal experimental data were validated in 
our combined model. The AUC reached 0.90 
for the validation set when distinguishing 
LR-M HCC and demonstrated a good calibra-
tion power in which the bias-corrected curve 
was close to the ideal curve. Additionally, the 
combined model with the decision curve 
provided more benefits for making clinical 
decisions within a range of 0.01–0.94 and 
0.02–0.90 threshold probability in the train-
ing and validation sets, respectively. By using 
the nomogram-based model, clinicians can 
accurately predict the HCC risk of individuals 
with LR-M observations.

Several limitations were identified in this 
study. First, it was done retrospectively. Sec-
ond, a relatively small sample was used in 
the multivariate  analysis; however, another 
study demonstrated that relaxing the rule of 
ten events for one variable in logistic regres-
sion was acceptable in certain contexts.31 
Third, the authors could not evaluate MRI 
features in the transitional and hepatobili-
ary phases without performing gadoxetic 
acid-enhanced MR imaging due to medical 
insurance considerations. Fourth, a large 
prevalence of hepatitis B virus infection 
might limit the utility in Western countries. 
Fifth, there was a limited number of com-
bined-type HCC-CCA lesions, which made it 
particularly challenging to differentiate LR-M 
observations. Sixth, patients diagnosed by 
biopsy may not exclude the possibility of 
cHCC-CCA, even though only seven patients 
were involved. Finally, it was not possible to 
perform quantitative measurements for ADC 
value and contrast-enhanced MRI parame-
ters due to the use of different MRI scanners.

In conclusion, the overall analysis of this 
combined nomogram-based model incor-
porating clinicopathologic and MRI items 
demonstrated a satisfactory prediction result 
for LR-M HCC, and data are easily available 
via routine blood tests and MRI examination. 
The model may have substantial clinical util-
ity not only in terms of individualized risk 
estimation but also in terms of its clinical 
application for minimizing or eliminating the 
need for biopsy.

Figure 6. Illustration of the nomogram for clinical application. (a) Surgically confirmed hepatocellular 
carcinoma (HCC) with LI-RADS M (LR-M) features in a 60-year-old man who had an aspartate 
aminotransferase (AST) level of 120 U/L and an alpha-fetoprotein (AFP) level of 300 ng/mL. The tumor 
showed no blood products sign on precontrast T1-weighted imaging (top, left), slight hyperenhancement 
(white arrow) peripherally on arterial phase (bottom, left), enhancing capsule (red arrow) on both portal 
venous phase (top, middle) and coronal delayed phase (top, right), hypoenhancement on coronal delayed 
phase (top, right), and no surface retraction sign on all images. Total points of 388 represented an LR-M 
HCC risk >0.9 (bottom, right). (b) Surgically confirmed intrahepatic cholangiocarcinoma with LR-M features 
in a 55-year-old woman who had an AST level of 80 U/L and an AFP level of 12 ng/mL. The tumor showed 
no blood products sign on precontrast T1-weighted imaging (top, left), heterogeneous hyperenhancement 
peripherally (white arrow) on arterial phase (bottom, left), no enhancing capsule on both portal venous 
phase (top, middle) and coronal delayed phase (top, right), heterogeneous hyperenhancement on coronal 
delayed phase (top, right) and surface retraction (yellow arrow) on precontrast T1-weighted imaging (top, 
left) and coronal delayed phase (top, right). Total points of 60 represented an LR-M non-HCC risk of <0.1 
(bottom, right).
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Prostate zones and tumor morphological parameters on magnetic 
resonance imaging for predicting the tumor-stage diagnosis of prostate 
cancer

Shanshan Xu 
Xiaobing Liu 
Xiaoqin Zhang 
Huihui Ji 
Runyuan Wang 
Huilin Cui 
Jinfeng Ma 
Yongjian Nian 
Yi Wu 
Ximei Cao 

PURPOSE
To determine whether the morphological parameters of prostate zones and tumors on magnetic 
resonance imaging (MRI) can predict the tumor-stage (T-stage) of prostate cancer (PCa) and estab-
lish an optimal T-stage diagnosis protocol based on three-dimensional reconstruction and quanti-
zation after image segmentation.

METHODS
A dataset of the prostate MRI scans and clinical data of 175 patients who underwent biopsy and 
had pathologically proven PCa from January 2018 to November 2020 was retrospectively analyzed. 
The authors manually segmented and measured the volume, major axis, and cross-sectional area 
of the peripheral zone (PZ), transition zone, central zone (CZ), anterior fibromuscular stroma, and 
tumor. The differences were evaluated by the One-Way analysis of variance, Pearson’s chi-squared 
test, or independent samples t-test. Spearman’s correlation coefficient and receiver operating char-
acteristic curve analyses were also performed. The cut-off values of the T-stage diagnosis were gen-
erated using Youden’s J index.

RESULTS
The prostate volume (PV), PZ volume (PZV), CZ volume, tumor’s major axis (TA), tumor volume (TV), 
and volume ratio of the TV and PV were significantly different among stages T1 to T4. The cut-off 
values of the PV, PZV, CZV, TA, TV, and the ratio of TV/PV for the discrimination of the T1 and T2 stag-
es were 53.63 cm3, 11.60 cm3, 1.97 cm3, 2.30 mm, 0.90 cm3, and 0.03 [area under the curves (AUCs): 
0.628, 0.658, 0.610, 0.689, 0.724, and 0.764], respectively. The cut-off values of the TA, TV, and the 
ratio of TV/PV for the discrimination of the T2 and T3 stages were 2.80 mm, 8.29 cm3, and 0.12 (AUCs: 
0.769, 0.702, and 0.688), respectively. The cut-off values of the TA, TV, and the ratio of TV/PV for the 
discrimination of the T3 and T4 stages were 4.17 mm, 18.71 cm3, and 0.22 (AUCs: 0.674, 0.709, and 
0.729), respectively.

CONCLUSION
The morphological parameters of the prostate zones and tumors on the MRIs are simple and valu-
able diagnostic factors for predicting the T-stage of patients with PCa, which can help make accu-
rate diagnoses and lateral treatment decisions.

KEYWORDS
Magnetic resonance imaging, prostate neoplasms, prostate zones, tumor volume, neoplasm-stage

You may cite this article as: Xu S, Liu X, Zhang X, et al. Prostate zones and tumor morphological parameters on magnetic resonance imaging for predicting 
the tumor-stage diagnosis of prostate cancer. Diagn Interv Radiol. 2023;29(6):753-760.

Prostate cancer (PCa) is the second most frequent cancer with the fifth highest mortality 
rate worldwide.1 The prostate is an anatomically heterogeneous organ, mainly including 
the peripheral zone (PZ), transition zone (TZ), central zone (CZ), and anterior fibromuscu-

lar stroma (AFMS).2 On pathological biopsies, PCa is often a multifocal cancer with histologic 
heterogeneity of different tumor foci, with most tumors in the PZ. As the disease progresses, 
the tumor invades the adjacent zones and the surrounding fat, seminal vesicles (SV), bladder, 
and rectum, causing distant metastasis. Thus, PCa can rapidly progress from local inertia to 
fatal metastatic disease. Furthermore, as the aging population has increased, the incidence of 
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PCa has also considerably increased, posing 
an important diagnostic challenge.

Traditionally, patients with suspected PCa 
after a digital rectal examination (DRE) or 
prostate-specific antigen (PSA) test require 
a trans-rectal ultrasound (TRUS)-guided sys-
tematic biopsy, which is the current gold 
standard for diagnosing PCa.3 However, mag-
netic resonance imaging (MRI) examinations 
have become the preferred option since they 
reduce the number of biopsies carried out 
and allow more patients to be enrolled in 
active surveillance programs. There are also 
many benefits of using MRI for diagnosis. 
First, unlike DRE and TRUS, MRI is non-inva-
sive.4 Second, MRI displays the anatomical 
regions of the prostate better than com-
puted tomography exams. Third, MRI is the 
gold standard for delineating tumor volume 
(TV) in PCa, which directly contributes to the 
tumor-node-metastasis stage (TNM) diag-
nosis; the TNM stage is critical for selecting 
the treatment strategy, improving the prog-
nosis, and avoiding or reducing side effects.5 
Fourth, the prostate volume (PV) calculated 
from a three-dimensional (3D) reconstruc-
tion model based on slide-by-slide, manually 
segmented MRIs is more accurate than the 
PV calculated from the commonly used ellip-
soid formula based on ultrasound images.6

Accurately measuring the morpholog-
ical parameters of the prostate zones and 
the tumor is necessary for diagnosing and 
treating PCa.7-9 For example, the PV helps to 
determine the appropriate radiotherapy, and 
the TV has been associated with clinical man-
ifestations of PCa. In addition, some studies 
have reported the relationship between 
some morphological parameters (PZ vol-
ume, TZ volume, and PV) and benign prostat-
ic hyperplasia (BPH) and PCa. However, few 
anatomical or pathological studies on the 
four prostate zones (PZ, TZ, CZ, and AFMS) 
exist.10-12 However, to the best of the authors’ 
knowledge, there is little research on the 
morphological parameters and tumor-stage 

(T-stage) diagnosis of PCa in the literature 
that the authors have retrieved.

Herein, the authors investigated the diag-
nostic roles of the morphological parameters 
of the prostate zones and prostate tumor 
on the PCa T-stage to assist clinicians with 
T-stage diagnoses, prognostic judgments, 
and the surgical selection of patients with 
PCa.

Methods

Study population and data acquisition

Patients

This retrospective study was approved by 
the Medical Ethics Committee of Shanxi Can-
cer Hospital (2021051) and The Second Af-
filiated Hospital of Army Medical University, 
PLA (2022-YD 460-01). The informed consent 
requirement was waived since these MRI 
scans were acquired during routine clinical 
care.8

For this study, the authors obtained the 
detailed medical histories of 221 patients 
with PCa treated at the Shanxi Cancer Hos-
pital (n = 42) and The Second Affiliated Hos-
pital of Army Medical University (n = 179) 
from January 2018 to November 2020. The 
inclusion criteria were (1) patients who had 
had an MRI scan due to an increase of PSA 
and/or the suspicion of PCa by DRE and (2) 
had undergone multiparametric MRI (mp-
MRI) with subsequent 12-core TRUS–guid-
ed biopsy and an MRI/TRUS fusion biopsy. 
The exclusion criteria were patients (1) with 
a history of (a) endocrine therapy (n = 13), 
(b) laparoscopic radical prostatectomy (n = 
10), and/or (c) transurethral resection (n = 

16), and / or (2) who had substandard image 
quality where the PZ, TZ, CZ, and AFMS were 
unidentifiable (n = 7). Finally, a total of 175 
patients were enrolled in the study. Figure 1 
shows the patient selection process.

Magnetic resonance imaging protocol

MRI exams were performed using a 
Philips 3 Tesla scanner (Philips Intera, release 
10.3; Philips Medical Systems Nederland B.V., 
Best, the Netherlands) and a General Electric 
1.5 Tesla scanner (Signa Horizon EchoSpeed, 
version 5.8; General Electric Healthcare, Mil-
waukee, WI, USA). All patients received a rou-
tine scan and an enhanced scan. Foam pads 
were placed in the lower abdomen to reduce 
breathing and motion artifacts.

The T2-weighted turbo spin-echo se-
quence was used in the transverse plane 
with the following parameters in the Shanxi 
Cancer Hospital: repetition time (RT): 3,590 
ms; time to echo (TE): 120 ms; matrix: 432 × 
432 mm; slice thickness: 4 mm; pixel spacing: 
0.46 mm × 0.46 mm; series number: 602; and 
pixel bandwidth: 74 Hz/pixel. In The Second 
Affiliated Hospital of Army Medical Universi-
ty, the parameters were: RT: 4,000 ms; TE: 103 
ms; matrix: 512 × 512 mm; slice thickness: 4 
mm; pixel spacing: 0.50 mm × 0.50 mm; se-
ries number: 7; and pixel bandwidth, 122 Hz/
pixel. 

The parameters of the diffusion-weighted 
imaging (DWI) in the Shanxi Cancer Hospi-
tal were as follows: RT: 2,750 ms; TE: 50 ms; 
matrix: 256 × 256 mm; slice thickness: 5 mm; 
pixel spacing: 1.46 mm × 1.46 mm; series 
number: 901; and pixel bandwidth: 3,641 
Hz/pixel. In The Second Affiliated Hospital 
of Army Medical University, the parameters 
were: RT: 5,600 ms; TE: 65 ms; matrix: 256 × 

Main points

•	 A positive correlation exists between the tu-
mor-stage (T-stage) and quantitative mor-
phological parameters of prostate cancer 
(PCa).

•	 The tumor’s major axis, tumor volume, and 
volume ratio of the tumor and prostate can 
be used as important factors to diagnose 
the T-stage of PCa.

•	 The quantitative morphological parame-
ters of the tumor are valuable in improving 
prognostic and lateral treatment decisions. Figure 1. Flowchart of patient inclusion and exclusion. PCa, prostate cancer; T2WI, T2-weighted imaging; 

MRI, magnetic resonance imaging.
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256 mm; slice thickness: 4 mm; pixel spacing: 
1.56 mm × 1.56 mm; series number: 7; and 
pixel bandwidth: 1.953 Hz/pixel.

Clinical information

The authors collected clinical informa-
tion on each patient from their medical re-
cords, including age, body mass index (BMI), 
free-PSA and total-PSA (f-PSA/t-PSA) levels, 
pathological T-stage, SV invasion or not, in-
vasion of the surrounding structures, such as 
the bladder, rectum, or neurovascular bun-
dles (NVB), and the tumor location.

Image pre-processing and segmentation 

The patients were divided into four 
groups based on their pathological T-stage 
(T1–T4). To obtain a PCa 3D reconstruction 
model for further analysis, the authors up-
loaded the MRI images in Digital Imaging 
and Communications in Medicine (DICOM) 
format from the workstation to Amira soft-
ware (Vision 2019, Thermo Fisher Scientific 
Inc., Waltham, MA, USA). The window level 
and window width were adjusted to opti-
mize the visualization of the prostate zones. 
The segmentation of each MRI image in this 
study was performed by a junior urological 
surgeon with 3 years of working experience, 
and the segmentation result was further 
reviewed and corrected, if necessary, by a 
senior radiologist with 14 years of working 
experience, with the modified results be-
ing used for the morphological parameter 
calculations. The segmentation process was 
based on the division theory of prostate ana-
tomical zones proposed by McNeal2, and the 
recording of the tumor location refers to the 
sequences of apparent diffusion coefficient 
and DWI (b = 1000 s/mm2) (Figure 2).

Three-dimensional prostate cancer recon-
struction 

After image segmentation, the 3D PCa 
models were reconstructed through the 
Generate Surface module of the Amira soft-

ware. In this software, the models can move, 
scale, and rotate in all directions.

Data measurement based on the two-di-
mensional plane and three-dimensional 
prostate cancer reconstruction

According to the guidelines of the Euro-
pean Society of Urogenital Radiology, all im-
ages in the two-dimensional (2D) plane were 
retrospectively analyzed by a senior radiol-
ogist (with 14 years of working experience) 
who was unaware of the pathological results 
and all the clinical information.13 The staging 
of the mpMRI was performed using the ex-
tracapsular extension (ECE) score introduced 
by Mehralivand et al.14 The ECE score criteria 
were as follows: (a) grade 0, no suspicion of 
pathological ECE; (b) grade 1, either a curved 
contact length ≥1.5 cm or an irregular cap-
sule or bulge; (c) grade 2, both of the above 
in grade 1; and (d) grade 3, obvious envelope 
breakthrough. The tumor’s major axis (TA) 
was the maximal value of the tumor’s diame-
ter in three-axis planes using a MicroDICOM 
viewer (Solvusoft Corporation, Las Vegas, NV, 
USA).

In the 3D PCa reconstruction model, the 
PV, PZ volume (PZV), TZ volume (TZV), CZ 
volume (CZV), AFMS volume (AFMSV), and 
TV were measured using the surface area 
volume module in the Amira software. These 
were then used to analyze the relationship 
between the volume and T-stage. After that, 
the PZV/PV, TZV/PV, CZV/PV, and AFMSV/PV 
ratios were obtained by individually dividing 
PZV, TZV, CZV, and AFMSV by PV.

Statistical analysis

All statistical analyses were performed 
using the Statistical Package for the Social 
Sciences Statistics, version 25.0 (IBM Corp., 
Armonk, NY, USA). The number of PCa lesions 
was expressed as frequencies (percentages). 
Categorical data were analyzed using Pear-
son’s chi-squared test and continuous data 

with the One-Way analysis of variance and 
independent samples t-test. Spearman’s rank 
correlation coefficient was used to analyze 
the relationship between the multivariate 
parameters and the T-stage. All P values were 
two-sided, and those P < 0.050 were consid-
ered statistically significant.15

The receiver operating characteristic 
(ROC) curves analysis was used to determine 
the cut-off values of the different T-stages 
and evaluate the predictive performance 
of the morphological parameters for the 
T-stage diagnosis. The performance charac-
teristics, including the area under the curve 
(AUC) of the ROC curve, sensitivity, and 
specificity, were also analyzed. The optimal 
cut-off values were calculated according to 
the formula (Youden’s J index = sensitivity + 
specificity - 1), which is meaningful when its 
AUC >0.6.16,17

Results

Baseline characteristics

In this study, the authors enrolled 175 pa-
tients with PCa treated at the Shanxi Cancer 
Hospital (n = 40) and The Second Affiliated 
Hospital of Army Medical University (n = 
135). According to the eighth edition of the 
American Joint Committee on Cancer stag-
ing criteria, the patients were divided into 
T1 (n = 25), T2 (n = 80), T3 (n = 36), and T4 
(n = 34) stages. Age and BMI did not differ 
among the T-stage groups (P = 0.261 and P 
= 0.315), but the f-PSA/t-PSA levels signifi-
cantly decreased from T1 to T4 (P < 0.001), 
51.43% of patients (126/175) had a Gleason 
score (GS) of 4 + 4 or greater (P < 0.001), and 
the ECE score increased in accordance with 
the pathological T-stage (P < 0.001) (Table 1).

Tumor location

Table 2 presents the tumor locations 
based on the T-stage. In all patients, most tu-
mors were in the PZ (45.7%), followed by the 
PZ and TZ (33.7%), then the TZ (7.6%). No tu-
mors were in the CZ or AFMS. Approximate-
ly 24.0% of T1 and 10.0% of T2 tumors were 
difficult to identify on MRI. Furthermore, 
58.3% (21/36) of T3 and 76.5% (26/34) of T4 
tumors had invaded the SV. Approximately 
50.0% (17/34) of T4 tumors had invaded the 
urethra, bladder, rectum, NVB, or other sur-
rounding structures. Figure 3 illustrates the 
tumor changes in randomly selected, rep-
resentative cases from each T-stage; these 
images show how the tumor area gradually 
increased from T1 to T4, indicating an overall 
increase in tumor aggressiveness.

Figure 2. Tumor segmentation (dashed box) on different magnetic resonance imaging sequences, 
including T2WI (a), DWI (b = 1000 s/mm2) (b), and ADC map (c) (Software: Syngo Quick Brower). fT2WI, 
fat-suppressed T2 weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion 
coefficient.

a b c



 

756 • November 2023 • Diagnostic and Interventional Radiology Xu et al.

Table 1. Demographic information of patients with prostate cancer at different tumor stages

T1 (n = 25) T2 (n = 80) T3 (n = 36) T4 (n = 34) P Total

Age (y) 73.88 ± 9.50 70.61 ± 10.53 71.47 ± 7.98 71.48 ± 9.16 0.261a 71.67 ± 8.88

BMI (kg/m2) 21.86 ± 3.26 24.63 ± 3.44 23.48 ± 3.09 23.28 ± 2.95 0.315a 22.15 ± 3.53

f-PSA/t-PSA (ng/mL) 0.20 ± 0.07 0.18 ± 0.12 0.15 ± 0.10 0.11 ± 0.08 0.000a 0.16 ± 0.13

MRI-based ECE score 0.000b

0 25/25(100.00%) 74/80 (92.50%) 0/36 (0.00%) 0/34 (0.00%) - 99/175 (56.57%)

1 0/25 (0.00%) 6/80 (7.50%) 7/36 (19.44%) 0/34 (0.00%) - 13/175 (7.43%)

2 0/25 (0.00%) 0/80 (0.00%) 29/36 (80.56%) 6/34 (17.65%) - 35/175 (20.00%)

3 0/25 (0.00%) 0/80 (0.00%) 0/36 (0.00%) 28/34 (100.00%) - 28/175 (16.00%)

Biopsy GS 0.000b

GS = 3 + 3 13/25 (52.94%) 9/80 (11.25%) 1/36 (2.12%) 0/34 (0.00%) - 23/175 (13.14%)

GS = 3 + 4 12/25 (47.06%) 14/80 (17.50%) 5/36 (14.89%) 0/34 (0.00%) - 31/175 (17.71%)

GS = 4 + 3 0/25 (0.00%) 17/80 (21.25%) 8/36 (21.27%) 6/34 (17.39%) - 31/175 (17.71%)

GS ≥ 4 + 4 0/25 (0.00%) 40/80 (50.00%) 22/36 (61.70%) 28/34 (82.61%) - 90/175 (51.43%)

Unless indicated otherwise, the data specifies the number of cases, with percentages in parentheses. a, One-Way analysis of variance; b, Pearson’s chi-squared test. T, tumor; BMI, 
body mass index; PSA, prostate-specific antigen; f-PSA/t-PSA, free-PSA/total-PSA; MRI, magnetic resonance imaging; ECE, extracapsular extension; GS, Gleason score.

Table 2. Tumor distributions of patients with prostate cancer at different tumor stages

Distribution of cancer foci (number of patients, ratio)
T-stage of PCa

Total
T1 (n = 25) T2 (n = 80) T3 (n = 36) T4 (n = 34)

Tumors located only in the PZ 16 (64.0%) 43 (53.8%) 12 (33.3%) 10 (26.5%) 81 (46.3%)

Tumors located only in the TZ 2 (8.0%) 7 (8.7%) 4 (11.1%) 0 (0.0%) 13 (7.4%)

Tumors located in the PZ and TZ 1 (4.0%) 22 (27.5%) 20 (55.6%) 24 (67.6%) 67 (38.3%)

Tumors invading the SV 0 (0.0%) 0 (0.0%) 21 (58.3%) 26 (76.5%) 47 (26.9%)

Tumors invading adjacent structures 0 (0.0%) 0 (0.0%) 0 (0.0%) 17 (50.0%) 17 (9.7%)

Tumors that are difficult to identify 6 (24.0%) 8 (10.0%) 0 (0.0%) 0 (0.0%) 14 (8.0%)

The data specifies the number of cases, with percentages in parentheses. T, tumor; PCa, prostate cancer; PZ, peripheral zone; TZ, transition zone; SV, seminal vesicles.

Figure 3. Three-dimensional reconstruction, spatial relationship, and location of prostate cancer lesions in different T-stages. Column A1–D1, three-dimensional 
reconstruction of the prostate and adjacent structures in the left view. Column A2–D2, A3–D3, and A4–D4, three-dimensional reconstruction of the tumor and 
prostate in the left, front, and upper views, in which the prostate, seminal vesicles, and bladder are semi-transparent. Column A5–D5, tumor segmentation in axial 
magnetic resonance images. Row A1–A5, T1 PCa; row B1–B5: T2 PCa; row C1–C5, T3 PCa; row D1–D5, T4 PCa. PCa, prostate cancer; PZ, peripheral zone; TZ, transition 
zone; CZ, central zone; AFMS, anterior fibromuscular stroma; B, bladder; SV, seminal vesicles; R, rectum; U, urethral canal; P, prostate; T-stages, tumor-stages.
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Measurement and comparison of different 
tumor-stage three-dimensional models of 
prostate cancer

The PV, PZV, CZV, TA, TV, and TV/PV signifi-
cantly differed as the T-stage increased (Ta-
ble 3). The mean PZV value initially decreased 
and then increased from T1 to T4 (P = 0.001), 
and T2 was the inflection point. The mean PV 
and CZV values continuously decreased from 
T1 to T4 (rs: -0.213, P = 0.005 and rs: -0.288, P 
= 0.006). The TZV, AFMSV, PZV/TZV, PZV/PV, 

TZV/PV, CZV/PV, and AFMSV/PV did not differ 
based on the T-stage. Figure 4 demonstrates 
the prostatic zone changes in a random-
ly selected, representative case from each 
T-stage. The mean TA, TV, and TV/PV values 
significantly and continuously increased 
from T1 to T4 (P < 0.050) (Table 3).

The PV, PZV, CZV, TA, TV, and TV/PV sig-
nificantly differed in the T1 to T2 group (P 
= 0.001, P < 0.001, P = 0.021, P = 0.008, P = 
0.003, and P < 0.001, respectively). Further-

more, the TA, TV, and TV/PV significantly 
differed in the T2 to T3 group (P < 0.001, P = 
0.020, and P = 0.005, respectively). Finally, the 
TA, TV, and TV/PV significantly differed in the 
T3 to T4 group (P = 0.004, P = 0.010, and P = 
0.008, respectively) (Table 4).

Receiver operating characteristic curve 
analysis

A ROC curve analysis was used to pre-
dict the performance of the morphological 

Figure 4. Anatomic morphology, three-dimensional shape, and spatial relationship of prostatic zones in different tumor stages. Column A1–D1, three-dimensional 
reconstruction of the prostate and adjacent structures in the left view. Column A2–D2, A3–D3, and A4–D4, three-dimensional reconstruction of the PZ, TZ, CZ, 
and AFMS in the left, upper, and front view, in which the PZ and TZ are semi-transparent. Column A5–D5, PZ, TZ, CZ, and AFMS segmentation in axial magnetic 
resonance imaging. Row A1–A5, T1 PCa; row B1–B5, T2 PCa; row C1–C5, T3 PCa; row D1–D5, T4 PCa. PCa, prostate cancer; PZ, peripheral zone; TZ, transition zone; 
CZ, central zone; AFMS, anterior fibromuscular stroma; B, bladder; SV, seminal vesicle; R, rectum; U, urethral canal; P, prostate.

Table 3. Morphological parameter comparisons among the tumor stages of prostate cancer

T-stage of PCa
Total (n = 175)

T1 (n = 25) T2 (n = 80) T3 (n = 36) T4 (n = 34) P

PV (cm) 47.83 ± 18.80 38.39 ± 21.64 36.35 ± 28.72 34.17 ± 15.87 0.040 37.41 ± 20.95

PZV (cm) 17.42 ± 9.77 11.47 ± 5.22 11.57 ± 10.02 12.95 ± 7.29 0.003 12.33 ± 7.56

TZV (cm) 25.76 ± 14.39 18.41 ± 13.36 22.97 ± 22.14 22.43 ± 18.67 0.204 21.18 ± 16.83

CZV (cm) 2.28 ± 1.60 1.76 ± 1.53 1.50 ± 1.49 0.94 ± 1.24 0.006 1.62 ± 1.54

AFMSV (cm) 2.38 ± 1.13 2.53 ± 1.74 2.16 ± 1.73 1.81 ± 1.20 0.153 2.29 ± 1.59

PZV/TZV 0.89 ± 0.47 1.22 ± 2.11 0.77 ± 0.60 0.64 ± 0.60 0.219 0.28 ± 0.14

PZV/PV 0.38 ± 0.12 0.36 ± 0.17 0.35 ± 0.18 0.36 ± 0.19 0.992 0.36 ± 0.17

TZV/PV 0.50 ± 0.14 0.49 ± 0.17 0.53 ± 0.19 0.52 ± 0.23 0.732 0.51 ± 0.18

CZV/PV 0.05 ± 0.04 0.05 ± 0.04 0.05 ± 0.05 0.04 ± 0.05 0.357 0.05 ± 0.05

AFMSV/PV 0.05 ± 0.03 0.07 ± 0.04 0.05 ± 0.04 0.07 ± 0.08 0.115 0.07 ± 0.05

TA (mm) 1.55 ± 0.84 2.23 ± 1.13 3.39 ± 1.25 4.45 ± 1.67 0.000 2.80 ± 1.59

TV (cm) 1.91 ± 2.68 7.10 ± 14.13 15.52 ± 18.5 29.93 ± 25.14 0.000 12.52 ± 19.45

TV/PV 0.04 ± 0.04 0.14 ± 0.16 0.25 ± 0.24 0.42 ± 0.20 0.000 0.20 ± 0.21

Bold are the results of good predictive performance. P, One-Way analysis of variance. T, tumor; PV, prostate volume; PZV, peripheral zone volume; TZV, transition zone volume; CZV, 
central zone volume; AFMSV, anterior fibromuscular stroma volume; PZV/TZV, the ratio of PZV and TZV; PZV/PV, the ratio of PZV and PV; TZV/PV, the ratio of TZV and PV; CZV/PV, 
the ratio of CZV and PV; AFMSV/PV, the ratio of AFMSZV and PV; TA, tumor’s major axis; TV, tumor volume; TV/PV, the ratio of TV and PV.
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parameters in the T-stage diagnosis (Figure 
5). Table 5 summarizes the performance 
characteristics, such as the AUC, sensitivity, 
and specificity. The cut-off values of the PV, 
PZV, CZV, TA, TV, and the ratio of TV/PV for 
discrimination of T1 and T2 were 53.63 cm3, 
11.60 cm3, 1.97 cm3, 2.30 mm, 0.90 cm3, and 
0.03 (AUCs: 0.628, 0.658, 0.610, 0.689, 0.724, 
and 0.764), respectively. The cut-off values 
of the TA, TV, and the ratio of TV/PV for dis-
crimination of T2 and T3 were 2.80 mm, 8.29 
cm3, and 0.12 (AUCs: 0.769, 0.702, and 0.688), 
respectively. The cut-off values of the TA, TV, 
and the ratio of TV/PV for discrimination of 
T3 and T4 were 4.17 mm, 18.71 cm3, and 0.22 
(AUCs: 0.674, 0.709, and 0.729), respectively.

Discussion
ECE (stage T3a or more) is associated with 

a higher risk of positive surgical margins, bio-
chemical recurrence (BCR), and metastasis, 

and a lower cancer-specific survival rate.18 Ac-
curate detection of ECE is essential to main-
taining urinary continence and sexual abili-
ty.19 Therefore, it is necessary to diagnose the 
PCa T-stage before surgery correctly. In this 
study, the authors retrospectively analyzed 
the relationships between the morphologi-
cal parameters and PCa T-stage based on 3D 
reconstructions after manually segmenting 
the MRI images. The study’s results showed 
that the morphology of the prostate zones 
and tumors could predict the PCa T-stage.

Previous authors have pointed out that 
3D-based scores better define the complex-
ity of tumors and have higher predictive ac-
curacy for postoperative complications than 
2D-based ones.20 However, the potential ap-
plications of 3D reconstruction are yet to be 
fully studied, and the information that can be 
extracted from 3D virtual models and their 
refinement has yet to be explored. The au-

thors have identified new morphological and 
volumetric parameters from the 3D model.

In this study, 46.3% of tumors were only in 
the PZ. In contrast, 7.4% of tumors were only 
in the TZ. Yang et al.21 also reported many 
more tumors in the PZ than in the TZ, with a 
high-grade GS of 8 and 9 (38.5% vs. 24.3%). 

Additionally, Ali et al.22 suggested that PCa in 
the TZ had better clinical outcomes than PCa 
in the PZ and CZ. Similarly, Sato et al.23 indi-
cated that conservative treatment could be 
used for PCa in the TZ and that these patients 
had a better prognosis than those with PCa 
in the PZ and CZ. The authors hypothesize 
that this may be related to increased andro-
gen dependency within the PZ, leading to 
the occurrence and development of PCa in 
the PZ.24

This study found that the PV gradually 
decreased from stage T1 to T4 (P < 0.050), 
consistent with studies that found that the 

Table 4. Morphological parameter comparisons among the consequent tumor stages of prostate cancer

T1 (n = 25) T2 (n = 80) P T2 (n =8 0) T3 (n = 36) P T3 (n = 36) T4 (n = 34) P

PV (cm3) 47.83 ± 18.80 38.39 ± 21.64 0.001 38.39 ± 21.64 36.35 ± 28.72 0.317 53.87 ± 34.06 68.04 ± 38.56 0.749

PZV (cm3) 17.42 ± 9.77 11.47 ± 5.22 0.000 11.47 ± 5.22 11.57 ± 10.02 0.864 11.57 ± 10.02 12.95 ± 7.29 0.808

TZV (cm3) 25.76 ± 14.39 18.41 ± 13.36 0.167 18.41 ± 13.36 22.97 ± 22.14 0.173 22.97 ± 22.14 22.43 ± 18.67 0.913

CZV (cm3) 2.28 ± 1.60 1.76 ± 1.53 0.121 1.76 ± 1.53 1.50 ± 1.49 0.4 1.50 ± 1.49 0.94 ± 1.24 0.097

AFMSV (cm3) 2.38 ± 1.13 2.53 ± 1.74 0.688 2.53 ± 1.74 2.16 ± 1.73 0.294 2.16 ± 1.73 1.81 ± 1.20 0.329

PZV/TZV 0.89 ± 0.47 1.22 ± 2.11 0.44 1.22 ± 2.11 0.77 ± 0.60 0.222 0.77 ± 0.60 0.64 ± 0.60 0.398

PZV/PV 0.38 ± 0.12 0.36 ± 0.17 0.623 0.36 ± 0.17 0.35 ± 0.18 0.745 0.24 ± 0.12 0.18 ± 0.10 0.93

TZV/PV 0.50 ± 0.14 0.49 ± 0.17 0.855 0.49 ± 0.17 0.53 ± 0.19 0.312 0.41 ± 0.18 0.32 ± 0.16 0.921

CZV/PV 0.05 ± 0.04 0.05 ± 0.04 0.833 0.05 ± 0.04 0.05 ± 0.05 0.647 0.03 ± 0.04 0.02 ± 0.03 0.292

AFMSV/PV 0.05 ± 0.03 0.07 ± 0.04 0.057 0.07 ± 0.04 0.05 ± 0.04 0.130 0.05 ± 0.03 0.03 ± 0.02 0.349

TA (mm) 1.55 ± 0.84 2.23 ± 1.13 0.008 2.23 ± 1.13 3.39 ± 1.25 0.000 3.39 ± 1.25 4.45 ± 1.67 0.004

TV (cm3) 1.91 ± 2.68 7.10 ± 14.13 0.003 7.10 ± 14.13 15.52 ± 18.5 0.020 15.52 ± 18.5 29.93 ± 25.14 0.010

TV/PV 47.83 ± 18.80 38.39 ± 21.64 0.000 38.39 ± 21.64 36.35 ± 28.72 0.005 0.25 ± 0.24 0.42 ± 0.20 0.008

P, independent samples t-test. T, tumor; PV, prostate volume; PZV, peripheral zone volume; TZV, transition zone volume; CZV, central zone volume; AFMSV, anterior fibromuscular 
stroma volume; PZV/TZV, the ratio of PZV and TZV; PZV/PV, the ratio of PZV and PV; TZV/PV, the ratio of TZV and PV; CZV/PV, the ratio of CZV and PV; AFMSV/PV, the ratio of 
AFMSZV and PV; TA: tumor’s major axis; TV, tumor volume; TV/PV, the ratio of TV and PV.

Figure 5. Receiver operating characteristic curves of the morphological parameters of the tumors for discrimination of T1 and T2 (a), T2 and T3 (b), and T3 and T4 (c). 
TA, tumor’s major axis; TV, tumor volume; TV/PV, the volume ratio of TV and PV; ROC, receiver operating characteristic; AUC, area under the curve.

a b c
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PV negatively correlated with the incidence 
rate and aggressiveness of PCa.25-27 Previous 
histo-anatomical studies showed that TZ 
growth leads to secondary atrophy and PZ 
tissue apoptosis and necrosis, which may ex-
plain why increased TZV inhibits PCa. Howev-
er, the authors found no differences among 
the T-stages for TZV or the TZV/PZV ratio, per-
haps due to an insufficient sample size.

The hypothesis that the TV is the most 
important PCa prognostic indicator remains 
controversial.28 Some studies have reported 
a strong correlation between the TV and BCR, 
and the authors of these studies thought that 
the clinical failure (CF) rate of patients with 
PCa with a TV of less than 0.5 cc is low.29,30 
However, Mayer et al.31 reported that histol-
ogy-based TV is related to the GS (r = 0.498, 
P = 0.0098), and Baba et al.9 suggested that 
the optimal TV cut-off value for predicting 
BCR was 2.8 cc (AUC: 0.690). Moreover, Cas-
tiglione et al.32 concluded that for high-risk 
patients with PCa, a TV >6.29 cc (AUC: 0.722) 
leads to CF, and Dong et al.33 reported that 
the optimal cut-off value for identifying the 
best maximum standardized uptake value 
(SUVmax) for high-risk patients with PCa was 
9.61 (AUC: 0.828). Furthermore, Jiao et al.34 
established and prospectively verified that 
the optimal SUVmax cut-off value for discrimi-
nating clinically significant PCa from BPH was 
5.30, with AUCs of 0.893 in the training and 
0.853 in the prospective validation cohorts. 
However, no prior studies have analyzed the 
diagnostic value of the TA, TV, and TV/PV for 
the T-stage diagnoses of PCa. 

Finally, the authors assessed the relation-
ships between the tumor’s morphological 

parameters and the T-stage. They found that 
the TA, TV, and TV/PV gradually increased 
from stage T1 to T4 (P < 0.050), which agreed 
with Yuk et al.’s35 study. The authors also 
found that the higher the T-stage, the greater 
the cut-off value, indicating that the tumor’s 
morphological parameters are important in-
dicators for the T-stage diagnosis. Therefore, 
the authors considered that the TA, TV, and 
TV/PV can predict the T-stage in patients 
with PCa.

This study has four limitations. First, the 
study population only included the Asian 
population, whose PCa incidence rates, 
mortality rates, and PV are lower than those 
of Western populations. Therefore, more in-
stitutions should be involved in any future 
study. Second, the authors evaluated the 
correlations between the morphological 
parameters in MRI and the T-stage, ignoring 
the microscopic pathological changes. Thus, 
further genomics and pathological analysis 
are needed.34 Third, manual segmentation 
is time-consuming and labor-intensive, re-
sulting in a small sample size. In the future, 
artificial intelligence should be used to assist 
in segmentation to reduce the segmentation 
time. Fourth, there are some errors in manual 
segmentation due to fatigue and personal 
subjectivity. As a next step, the authors will 
invite more experts to verify the segmenta-
tion in this study.

In conclusion, the morphological parame-
ters of the prostate zones and prostate tumor 
significantly differed among the T-stages, in-
cluding the PV, PZ’s volume, CZ’s volumes, 
TA, TV, and the TV/PV ratio. Based on MRI 3D 
reconstruction, the TA, TV, and TV/PV are the 

key indicators of the PCa T-stage diagnosis, 
which can help to make accurate diagnoses 
and lateral treatment decisions.
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Intraoperative radiotherapy (IORT) is an adjuvant treatment option for selected cases of ear-
ly-stage breast cancer. It is applied using either electron beams [intraoperative electron ra-
diotherapy (IOeRT)] or X-ray, and it can be used alone as primary radiotherapy or as a boost 

followed by external whole breast radiotherapy (WBRT).1-6 The advantages of IORT include 
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PURPOSE
This study aims to describe imaging findings in patients treated with intraoperative electron ra-
diotherapy and compare them with those detected in patients treated with external whole breast 
radiotherapy (WBRT).

METHODS
The study population consisted of 25 patients who received intraoperative radiotherapy [IORT (21 
Gy)] as single-dose radiotherapy and a control group of 25 patients who received WBRT at the same 
institution. Mammography and ultrasound (US) findings were divided into three groups: minor, 
intermediate, and advanced. On mammography, mass lesions were considered advanced, and 
asymmetries or architectural distortions were considered intermediate. Oil cysts, linear scars, and 
the increase in parenchymal density were considered minor findings. On US, irregular non-mass 
lesions were considered advanced, and circumscribed hypoechoic lesions or planar irregular scars 
with shadowing were considered intermediate. Oil cysts, fluid collections, or linear scars were con-
sidered minor findings. 

RESULTS
On mammography, skin thickening (P = 0.001), edema (P < 0.001), increased parenchymal density 
(P < 0.001), dystrophic calcifications (P = 0.045), and scar/distortion (P = 0.005) were significantly 
more common in the WBRT group. On US, irregular non-mass lesions, which made interpretation 
considerably difficult, were significantly more common in the IORT group (P = 0.004). Dominant 
US findings were fluid collections and postoperative linear or planar scars in the WBRT group. Mi-
nor findings were more common in low-density breasts, and major findings (intermediate and ad-
vanced) were more common in high-density breasts on both mammographies (P = 0.011) and US 
(P = 0.027) in the IORT group.

CONCLUSION
Ill-defined non-mass lesions detected on US in the IORT group have not been defined previously. 
Radiologists should be aware of these lesions because they can be confusing, especially in early 
follow-up studies. This study has found that minor findings are seen more frequently in low-density 
breasts, while major findings are more common in high-density breasts in the IORT group. This has 
not been reported before, and further studies with more cases are needed to verify these results.
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the direct visualization of the tumor bed, re-
duced skin doses, and patient convenience.

There are only a few reports on the ra-
diological findings in patients treated with 
IORT.7-15 Some of them have reported that 
postoperative changes in mammography 
and ultrasound (US) are more pronounced 
in patients treated with IORT compared with 
those treated conventionally with WBRT.7-

9,11,13 However, radiological findings, especial-
ly sonographic results, after IORT are not well 
documented. During the radiological fol-
low-up of these patients, some findings were 
different from those seen in patients treated 
with WBRT. This study’s aim was to describe 
early and late imaging findings in patients 
treated with IORT as single-dose radiothera-
py and compare them with those detected in 
a conventionally-treated WBRT group.

Methods

Intraoperative radiotherapy group

Between October 2012 and August 2021, 
94 patients with breast cancer underwent IO-
eRT in the clinic. Forty-four of these patients 
received IOeRT as single-dose radiotherapy 
(21 Gy). Nineteen patients were excluded 
from this study either because they received 
additional WBRT after the operation, had 
less than six months follow-up, had previous 
breast surgery, or their radiological images 
were not available in the picture archiving 
and communication system. The remaining 
25 patients made up the study population. 
IOeRT was performed using the Sordino IO-
eRT technologies-LIAC mobile IOeRT device. 
Electron energies of 12 MeV were given with 
80% isodose. Applicators with different di-
ameters (4–8 mm) were selected based on 
tumor size, breast volume, and flap volume. 

In the institution, the patient selection cri-
teria for IOeRT were based on the American 
Society for Radiation Oncology guidelines, 
which were published in 2009 and updat-
ed in 2017.16,17 Patients with histologically 
proven unifocal ductal invasive cancer of <2 
cm or non-high grade ductal carcinoma in 
situ of <2.5 cm in size and who were at least 
50 years old were chosen. For this group of 
patients, additional states of (–) lymphovas-
cular invasion, (–) axillary lymph nodes, (–) 
grade 3 status, (+) estrogen receptor, and >2 
mm clean surgical margins were required.

Whole breast radiotherapy group	

The control group consisted of 25 patients 
with breast cancer who were treated with 
breast-conserving surgery (BCS) followed 
by WBRT in the same institution between 
November 2010 and July 2018. WBRT was 
applied using a linear accelerator (varian true 
beam) with a total dose of 50 Gy and a boost 
dose of 10–16 Gy in 5–8 fractions or with a 
hypofractionated schedule with a total dose 
of 42.5 Gy in 16 fractions with a boost dose 
of 10–12.5 Gy in 4–8 fractions. Patients in the 
WBRT group were selected in chronological 
order from the radiation oncology patient list 
using the same exclusion criteria.

Evaluation of imaging findings

Follow-up mammography and US images 
were retrospectively evaluated by two breast 
radiologists (with 10 and 25 years of experi-
ence) in consensus, and they were blinded 
to the treatment protocol. Digital mammog-
raphy (Pristina, General Electric, Chicago, 
Il, United States) and US (Logic S8, General 
Electric, Wauwatosa, WI, United States) ex-
aminations were performed using the same 
equipment in all patients. At the institution, 
patients treated with BCS were routinely 
scheduled for US examination at six-month 
intervals and mammographic examination 
at 12-month intervals for follow-up during 
the first five years and at yearly intervals af-
terward. All mammography and US images 
that were available were evaluated sequen-
tially. The examinations performed in the first 
24 months were considered short-term fol-
low-ups, while those taken after 24 months 
were considered long-term follow-ups.

On mammograms, breast density, the 
presence or absence of masses (Figure 1), 
asymmetries (Figure 2), oil cysts, postop-
erative scars, architectural distortion, cal-
cifications (dystrophic or rim-like), edema 
(minimal, moderate, and advanced), skin 
thickening (localized or generalized), and the 

increase in parenchymal density compared 
with the contralateral breast (regional or 
diffuse) were evaluated. Breast density was 
assessed according to the breast parenchy-
ma types (a–d) stated in the BI-RADS atlas 5th 
edition of the American College of Radiolo-
gy.18 On US images, the presence or absence 
of fluid collections, ill-defined, non-mass hy-
poechoic lesions (Figures 3, 4), circumscribed 
hypoechoic masses (Figure 1), oil cysts, and 
postoperative linear or planar scars were as-
sessed. Planar scars were defined as irregu-
lar scars with shadowing that looked suspi-
cious in one plane but were elongated and 
changed in shape in the orthogonal plane 
and usually continuous with skin incision 
(Figure 5). All focal lesions were measured, 
and if the patient had sequential examina-
tions, the time of appearance of the findings 
was recorded.

Mammography and US findings were 
divided into three groups: minor, interme-
diate, and advanced, based on the degree 
to which they made interpretation difficult. 
On mammography, masses were considered 
advanced; asymmetries and architectural 
distortions were considered intermediate; 
oil cysts, linear postoperative scars, and the 
increase in parenchymal density were con-
sidered minor findings. On US, ill-defined, 
non-mass hypoechoic lesions were consid-
ered advanced; circumscribed hypoechoic 
lesions or planar irregular scars with shadow-
ing were considered intermediate; oil cysts, 
fluid collections, or linear postoperative scars 
were considered minor findings.

The institutional review board granted 
approval for this retrospective study (ATA-
DEK) (decision number: 2020-05/26, date: 
09.04.2020), and patient consent was waived.

Statistical analysis

For statistical purposes, breast parenchy-
ma types A and B were grouped as low den-
sity, and types C and D were grouped as high 
density. Moderate and advanced edema 
were grouped together as marked edema. 
Overall findings were dichotomized as minor 
versus major (intermediate or advanced). The 
software SPSS v23.0 (IBM Corp., Armonk, NY) 
was used for data analysis. The Shapiro–Wilk 
test was used to test the normality of data. 
Continuous data were presented using mean 
± standard deviation for normally distributed 
data and median (interquartile range: 25%–
75%) for non-normally distributed data. Cat-
egorical variables were given by n (%) and 
compared with Pearson’s chi-square test and 
Fisher’s exact test. The Mann–Whitney U test 

Main points

•	 Mammography revealed more diffuse 
changes in the whole breast radiothera-
py (WBRT) group as opposed to localized 
findings in the intraoperative radiotherapy 
(IORT) group in terms of skin thickening, 
edema, and the increase in parenchymal 
density. 

•	 Ultrasound (US) demonstrated more cir-
cumscribed masses and suspicious ill-de-
fined non-mass lesions in the IORT group, 
while fluid collections and linear and planar 
scars were more typical for WBRT. 

•	 Minor findings were seen significantly 
more frequently in low-density breasts, 
while major findings were more common in 
high-density breasts on both mammogra-
phy and US in the IORT group.
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and the independent t-test were performed 
for non-parametric and parametric compar-
isons of continuous data between groups, 
respectively. A two-sided P value of less than 
0.05 was considered statistically significant.

Results
WBRT was given in full doses to 7 patients 

and was hypofractionated in 18 patients. 
Patients in the IORT group (mean age: 59.6 
± 6.41) were significantly older than those 
in the WBRT group (53.36 ± 8.94) (P = 0.007), 
which was expected since only patients old-
er than 50 years of age were eligible for IORT. 
The most common tumor type was infiltrat-
ing ductal carcinoma in both groups, and 
24/25 cases treated with IORT and 23/25 cas-
es treated with WBRT were invasive cancers.

Tumors were mostly located in the right 
breast (IORT: 20/25, WBRT: 15/25) and in the 
upper outer quadrant (IORT: 14/25, WBRT: 
18/25) in both groups. There was no statis-
tically significant difference in tumor size. 
Follow-up time was significantly shorter in 
the IORT group (P = 0.012) because all eligi-
ble and more recent cases were included in 
this study. Six patients in the IORT group and 
two patients in the WBRT group had only ear-
ly follow-ups. None of the patients had any 
local recurrences or systemic metastases 
during the follow-up period. Patients’ charac-
teristics are described in Table 1.

Imaging findings

The distribution of each finding, size of 
the lesions, and development time can be 
seen in Table 1. The most dominant findings 

in the initial examinations can be seen in Ta-
ble 2. The distribution of minor versus major 
findings in breasts with low density versus 
high density can be seen in Table 3.

Mammographic evaluation

In the initial mammograms obtained af-
ter therapy, masses, asymmetries, and oil 
cysts were more common in the IORT group, 
while increased parenchymal density, ede-
ma, architectural distortion, and postopera-
tive scars were the most dominant findings 
in the WBRT group (Table 2). Calcifications 
and some oil cysts appeared later during fol-
low-up.

Statistically, there was a significant differ-
ence between the two groups for the follow-
ing findings: skin thickening (P = 0.001), ede-

Figure 1. (a-f) Mammography and US images of a 54-year-old patient treated with IORT: initial mammograms (a, b) show a heterogeneous 
mass (arrows) in the left breast, which persists without any change on follow-up mammograms (c, d) taken three years after therapy. Initial US 
image of the same patient (e) shows a heterogeneous oval circumscribed mass (arrows). This lesion also persists three years after therapy (f).  
IORT, intraoperative radiotherapy; US, ultrasound.

a

e f

b c d
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ma (P < 0.001), distrophic calcifications (P = 
0.045), scar/distortion (P = 0.005), oil cysts (P 
= 0.047), and increased parenchymal density 
(P < 0.001) (Table 1).

Skin thickening was either not present 
or localized in most of the patients in the 
IORT group (8% and 68%, respectively), 
while generalized skin thickening was much 

more common (76%) in patients in the WBRT 
group (P = 0.001). Edema was either not pres-
ent or minimal (84% and 12%, respectively) 
in patients in the IORT group, while 80% of 
the patients had edema in the WBRT group, 
and it was advanced in half of them (P < 
0.001). The increase in parenchymal density 
compared with the contralateral breast was 
significantly more common in patients in the 
WBRT group (62.5% vs. 40%); it was mostly 
regional in the IORT group but diffuse in the 
WBRT group (P < 0.001) (Figure 6). Parenchy-
mal distortion or scar formation was more 
common among patients in the WBRT group 
(72% vs. 32%) (P = 0.005). Dystrophic calcifi-
cations were significantly more common in 
the WBRT group (56% vs. 28%) (P = 0.045). 
Calcifications appeared earlier during fol-
low-up in the IORT group, but the difference 
was not significant. Oil cysts were significant-
ly more common in the IORT group (62% 

Figure 2. (a-c) Craniocaudal (a) and mediolateral oblique (b) mammograms of a 59-year-old patient treated with IORT show an asymmetry in the right breast. It 
resolves during follow-up and only a minor linear scar remains four years after therapy (c). IORT, intraoperative radiotherapy.

a

c

b

Figure 3. Early US image of a patient treated with IORT demonstrates a suspicious-looking ill-defined non-
mass hypoechoic lesion at the operation site. IORT, intraoperative radiotherapy; US, ultrasound.



 

Imaging findings of intraoperative electron radiotherapy versus external whole breast radiotherapy after breast-conserving surgery • 765

vs. 32%) (P = 0.047). Cysts were larger in the 
IORT group; however, differences between 
the median size and median time to develop 
were not significant. 

There was no difference in the number 
of patients with masses or asymmetries. The 
sizes of both lesions were larger in patients 

in the IORT group, although the difference 
between the median sizes was significant 
only for asymmetries (P = 0.031). Minor find-
ings were more common in the WBRT group, 
while major findings were more common in 
the IORT group. However, the difference was 
not significant. 

Ultrasound evaluation

Most dominant findings in the first US 
examinations obtained after therapy were 
ill-defined, non-mass hypoechoic lesions 
and circumscribed hypoechoic masses in 
the IORT group. Dominant US findings were 
mostly in the form of fluid collections and 

Figure 4. (a-g) US images of a 58-year-old patient treated with IORT, which was taken six months (a) and one year (b) after therapy show a suspicious-looking ill-
defined non-mass lesion at the operation site in the right breast. However, mammograms taken at the first follow-up (c, d) show only minor changes compatible 
with fat necrosis (arrows). Mammograms (e, f) and US image (g) taken five years later show that the lesion turns into a calcified oil cyst on both examinations. IORT, 
intraoperative radiotherapy; US, ultrasound.

a b

c d e f

g
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postoperative linear or planar scars in the 
WBRT group. The differences were statistical-
ly significant (Table 2).

Ill-defined, non-mass hypoechoic lesions 
were significantly more common (44% vs. 
8%) (P = 0.004), and the median size of these 
lesions was significantly larger (45 mm vs. 
16.5 mm) in the IORT group (P = 0.026). Cir-
cumscribed mass lesions were also more 
common in the IORT group (28% vs. 4%) (P = 
0.049). Patients in the IORT group had signifi-
cantly fewer scars (12% vs. 80%), and planar 
scars were especially typical in patients in the 
WBRT group (0% vs. 36%) (P < 0.001). Fluid 
collections were exclusively seen in patients 
treated with WBRT (P = 0.049). There was no 
difference in the number of cases with oil 
cysts, but they were significantly larger in the 
IORT group (26 ± 14.08 mm vs. 15.1 ± 8.9 mm) 
(P = 0.043). Minor findings were significantly 
more common in the WBRT group, while ma-
jor findings were significantly more common 
in the IORT group (P = 0.014) (Table 1).

Overall findings

This study analyzed the relationship be-
tween parenchymal density and the rate of 
minor and major findings. For mammog-
raphy and US, minor findings were signifi-
cantly more common in low-density breasts, 
and major findings were more common 
in high-density breasts in the IORT group 
(mammography: P = 0.011, US: P = 0.027) (Ta-
ble 3). There was no difference in the WBRT 
group.

Follow-up findings

Results were obtained from the follow-up 
data of major findings. For mammography, 
9/10 patients with major findings had a 
late follow-up in the WBRT group, and all of 
them turned into minor findings. Further-
more, 11/13 patients with major findings 
had a late follow-up in the IORT group, and 
only 6 (54.55%) turned into minor findings. 
The difference was statistically significant (P 
= 0.038). For US, 11/12 patients in the WBRT 
group and 18/18 patients in the IORT group 
with major findings had a late follow-up. They 
turned into minor findings in seven patients 
(63.64%) in the WBRT group and in six pa-
tients (33.33%) in the IORT group at the end 
of follow-up. The difference was not statisti-
cally significant. Most of the circumscribed 
masses and ill-defined non-mass lesions per-
sisted as circumscribed masses, which were 
probably compatible with fat necrosis but 
not in the typical form of an oil cyst. 

Figure 5. (a, b) US images of a 50-year-old patient treated with WBRT show a planar scar. The lesion is 
irregular with shadowing on one plane (a), but it is elongated on the orthogonal plane (b) and is easily 
diagnosed as a scar. US, ultrasound; WBRT, whole breast radiotherapy.

Table 1. Distribution of clinical, histopathological, and radiological findings

Variables IORT (n = 25) WBRT (n = 25) P value

Clinical findings

Mean age (years) 59.6 ± 6.41 53.36 ± 8.94 0.007

Median tumor size (mm) 11.5 (8–16.5) 11 (6–15) 0.767

Follow-up

Median follow-up time (months) 46 (29–72) 67 (56–74) 0.012

Median of mammograms 3 (1–6) 5 (3–6) 0.041

Median of US exams 4 (2–7) 7 (5–9) 0.023

Mammography

Breast parenchyma

Low density (type A + B) 16 (64) 10 (40) 0.089

High density (type C + D) 9 (36) 15 (60)

Skin thickening 

None 2 (8)a 0 (0)a 0.001

Localized 17 (68)a 6 (24)b

Generalized 6 (24)a 19 (76)b

Median skin thickness (mm) 2.9 (2.4–3.3) 3.1 (2.6–4.6) 0.080

Edema

None 21 (84)a 5 (20)b <0.001

Minimal 3 (12)a 10 (40)b

Advanced 1 (4)a 10 (40)b

Calcifications

Patients with calcifications 13 (52) 17 (68) 0.248

Dystrophic 7 (28) 14 (56) 0.045

Rim 10 (40) 6 (24) 0.225

Median time to develop (months) 20 (19–33) 30 (20–44) 0.300

<24 months 7 (53.8) 8 (47.1) 0.713

>24 months 6 (46.2) 9 (52.9)

Scar/distortion 8 (32) 18 (72) 0.005

Masses

Number of cases 4 (16) 1 (4) 0.349

Median size (mm) 42.5 (35.5–65.5) 25 0.400

Asymmetry

Number of cases 9 (36) 7 (28) 0.544

Median size (mm) 50 (42–60) 30 (20–46) 0.031

Oil cysts

Number of cases 15 (60) 8 (32) 0.047

a b
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Discussion
This study compared mammography and 

US findings of breast cancer patients who 
were treated with IORT with the findings of 
patients treated with WBRT. It was found that 
mammography demonstrated significant-
ly more diffuse changes in the form of skin 
thickening, edema, and increased parenchy-
mal density in patients in the WBRT group. 
Focal findings such as masses, asymmetries, 
and oil cysts were more common in patients 
in the IORT group. On US, irregular non-mass 

lesions or circumscribed masses were the 
dominant findings in patients in the IORT 
group, while postoperative scars and fluid 
collections were typical for patients in the 
WBRT group. Major findings, some of which 
could lead to diagnostic problems, were 
more common after IORT.

There are only a few articles in the liter-
ature about imaging findings in patients 
treated with IORT.7-15 Most of these studies 
are more than 10 years old and have been 
performed by a few groups involved in the 

early clinical trials comparing IORT and 
WBRT. A limited number of findings have 
been evaluated, and conflicting results were 
reported. After IORT was implemented in the 
clinic, ill-defined non-mass hypoechoic le-
sions with indistinct margins were found in 
some cases on US examination. This was very 
different from the findings usually found in 
patients treated with WBRT. Because most of 
the previous reports failed to mention such a 
lesion, it was decided to conduct this study 
and describe its findings. 

In this study, US revealed non-mass irreg-
ular lesions in the tumor bed of 11 patients in 
the IORT group (44%) but in only 2 patients in 
the WBRT group (8%), and the difference was 
statistically significant. The differential diag-
nosis of an irregular lesion at the surgical site 
included residual or recurrent tumors as well 
as fat necrosis. Magnetic resonance imaging 
and/or US-guided core needle biopsy may 
be needed for the final diagnosis if the lesion 
seems suspicious. Short-term follow-up was 
performed instead of biopsy as these lesions 
were present in the first follow-up examina-
tions, making the timing unlikely for a malig-
nant process. A similar finding has been men-
tioned only by Della Sala et al.11 The biopsy 
revealed fat necrosis in their study, and le-
sions either persisted or turned into oil cysts 
over time. In this study, most of these lesions 
turned into circumscribed masses, probably 
compatible with fat necrosis. Similar cases 
were probably categorized as fat necrosis or 
unorganized scars in other studies.11,13 Some 
authors have reported that mammography 
revealed more distinct changes after IORT 
and that US can be used as a problem-solving 
modality.7-9,11,13 This study found the opposite: 
US findings were more confusing compared 
with mammography in many cases, as seen 
in Figure 4. Furthermore, mammography 
can help in the differential diagnosis of such 
cases because it can clearly demonstrate the 
fatty content of the lesion, enabling the diag-
nosis of fat necrosis.

Another interesting finding of this study 
was that minor findings were significant-
ly more common in fatty breasts, and ma-
jor findings were more common in dense 
breasts in the IORT group but not in the 
WBRT group. It is thought that this may be 
due to the localized and confined nature of 
fat necrosis in the dense breast tissue, which 
causes a suspicious appearance, especially in 
the early follow-up period. Moreover, more 
diffuse changes or more typical liquefaction 
may be the dominant findings in the fatty 
breast tissue, which do not usually lead to 
diagnostic problems. Another explanation 

Table 1. Continued

Median size (mm) 39 (23–45) 20 (13.5–27.5) 0.070

Median time to develop (months) 8 (7–20) 8.5 (6.5–22.5) 0.999

<24 months 12 (85.7) 6 (75) 0.602

>24 months 2 (14.3) 2 (25)

Increased parenchymal density

None 15 (60)a 9 (37.5)b <0.001

Regional 9 (36)a 2 (8.3)b

Diffuse 1 (4)a 13 (54.2)b

Ultrasonography

Non-mass ill-defined lesion

Number of cases 11 (44) 2(8) 0.004

Median size (mm) 45 (36–50) 16.5 (15–18) 0.026

Circumscribed mass lesion

Number of cases 7 (28) 1 (4) 0.049

Median size (mm) 45 (30–55) 35 0.750

Scar/distortion

None 22 (88)a 5 (20)b <0.001

Linear scar/distortion 3 (12)a 11 (44)b

Planar scar 0 (0)a 9 (36)b

Fluid collection

Number of cases 0(0) 5 (20) 0.049

Median size (mm) - 22 (13–38) -

Oil cysts

Number of cases 14 (56) 10 (40) 0.258

Mean size (mm) 26 ± 14.08 15.1 ± 8.9 0.043

Median time to develop (months) 14 (7–43) 12 (7–19) 0.437

Overall findings

Mammography 

Minor 12 (48) 15 (60) 0.430

Intermediate 9 (36) 9 (36)

Advanced 4 (16) 1 (4)

Ultrasonography 

Minor 7 (28)a 13 (52)a 0.014

Intermediate 7 (28)a 10 (40)a

Advanced 11 (44)a 2 (8)b

Values are expressed as means ± standard deviation, median interquartile range, or n (%). The independent 
t-test, Mann–Whitney U test, Pearson chi-square test, and Fisher’s exact test were used. The same letters in a row 
(a,b) denote the lack of statistically significant differences. IORT, intraoperative radiotherapy; WBRT, whole breast 
radiotherapy.
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may be the difference in vascular support 
in fatty and dense breasts. Apparently, this 
difference is only valid for the local effects 
of IORT and not for the diffuse effects of ex-
ternal WBRT. The correlation between breast 
density and the type of imaging findings has 
not been reported previously. 

IORT was used with varying indications 
(as single-dose radiotherapy, as a boost fol-
lowed by WBRT, or mixed) in different stud-
ies. Patients who received IORT as a boost 
were excluded from this study to achieve 
more uniform results that are not complicat-
ed by the additional effects of WBRT applied 

after the operation. A study comparing the 
imaging findings of IORT applied as a boost 
prior to WBRT with those of WBRT alone re-
ported that more pronounced findings were 
detected in the IORT group.7 This shows that 
the focal effects of IORT in the breast tissue 
are apparent, even if it is followed by WBRT. 
In this study, skin thickening, edema, and in-
creased parenchymal density on mammog-
raphy were significantly more common and 
more diffuse after WBRT. These early mam-
mographic findings are all related to each 
other and are as expected since external ra-
diotherapy applied to the whole breast caus-
es more diffuse changes. These results agree 
with those of Della Sala et al.11 and Elsberger 
et al.15, who have also included only patients 
who received single-dose IORT in their stud-
ies. Other studies where IORT was used as a 
boost before WBRT have not reported simi-
lar findings, probably because both groups 
demonstrated diffuse changes. 

This study detected calcifications in more 
than half of the patients in both groups, and 
there was no significant difference in the devel-
opment time for calcifications. This is similar to 
the results of Ruch et al.13 and Elsberger et al.15, 
and all calcifications were typically benign. 
Although some of them seemed non-uniform 
in the beginning, they developed into typical 
rim calcifications eventually. Similar to the 
findings of Ruch et al.13, dystrophic calcifica-
tions were more common in the WBRT group, 
and rim calcifications were more common in 
the IORT group. However, other authors have 
reported that calcifications were significantly 
more common in the IORT group.8,11,12 Jalagu-
ier-Coudray et al.14 have stated that non-uni-
form calcifications can also be associated with 
tungsten deposits due to the use of shielding 
devices composed of this material.

Oil cysts were more common after IORT 
on both mammography and US, but the dif-
ference was significant only for mammog-
raphy. There were fewer typical oil cysts on 
US because some of the fat necrosis cases 
probably appeared as well-circumscribed 
hypoechoic masses or ill-defined non-mass 
lesions in early examinations. Circumscribed 
masses may also represent organized hema-
toma. Some of these lesions turned into oil 
cysts during follow-up, while the rest persist-
ed as circumscribed masses. Mammography 
was superior in diagnosing oil cysts due to 
its ability to demonstrate inner fatty content. 
They were larger in the IORT group, but this 
was not statistically significant. Other studies 
have also reported more frequent oil cysts 
and fat necroses as well as larger lesions in 
patients who received IORT.8,11,13,15

Table 2. Dominant imaging findings in the early mammography and ultrasound 
examinations

Findings, n (%) IORT (n = 25) WBRT (n = 25) P value

Dominant findings in early mammograms

Increased density 1 (4) 3 (12) 0.609

Mass-like opacity 4 (16) 2 (8) 0.667

Heterogeneous non-mass opacity 9 (36) 6 (24) 0.355

Oil cysts 7 (28) 4 (16) 0.306

Scar/distortion 4 (16) 8 (32) 0.185

Spiculated scar 0 (0) 2 (8) 0.490

Dominant findings in early US examinations

Scar/distortion 1 (4) 4 (16) 0.349

Ill-defined non-mass lesion 11 (44) 2 (8) 0.004

Circumscribed mass 7 (28) 1 (4) 0.049

Oil cyst 6 (24) 4 (16) 0.480

Planar scar 0 (0) 9 (36) 0.002

Fluid collection 0 (0) 4 (16) 0.110

Pearson chi-square test and Fisher’s exact test were used. IORT, intraoperative radiotherapy; WBRT, whole breast 
radiotherapy; US, ultrasound.

Table 3. Distribution of overall imaging findings according to breast density

Findings, n (%) Low density High density P value

All patients (n = 50)

Mammography	

Minor 17 (65.4) 10 (41.7) 0.093

Major (intermediate/advanced) 9 (34.6) 14 (58.3)

Ultrasound

Minor 14 (53.8) 6 (25) 0.038

Major (intermediate/advanced) 12 (46.2) 18 (75)

IORT (n = 25)

Mammography	

Minor 11 (68.8) 1 (11.1) 0.011

Major (intermediate/advanced) 5 (31.3) 8 (88.9)

Ultrasound

Minor 7 (43.8) 0 (0) 0.027

Major (intermediate/advanced) 9 (56.3) 9 (100)

WBRT (n = 25)

Mammography	

Minor 6 (60) 9 (60) 0.999

Major (intermediate/advanced) 4 (40) 6 (40)

Ultrasound

Minor 7 (70) 6 (40) 0.226

Major (intermediate/advanced) 3 (30) 9 (60)

Pearson chi-square test and Fisher’s exact test were used. IORT, intraoperative radiotherapy; WBRT, whole breast 
radiotherapy.
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Scars and distortion were significantly 
more frequent in the mammograms of pa-
tients in the WBRT group in this study, which 
was contrary to other studies.8,11,15 On US, 
fluid collections were more common in the 
WBRT group, which was in contrast to other 
studies.7,11,13 This is probably because the sur-
geons kept surgical drains longer in patients 
in the IORT group because more extensive 
dissection was needed to place the applica-
tor. Linear (44% vs. 12%) or planar scars (36% 
vs. 0%) were other dominant US findings 
in the WBRT group. Although planar scars 
seemed suspicious in one plane because 
of ill-defined margins and shadowing, they 
were elongated in the other plane along the 
incision line and did not cause diagnostic 
challenges.

This is the only study in the literature 
where both early and late mammography 
and US findings were evaluated to deter-
mine the changes that take place over time. 
This study has shown that major focal find-
ings such as masses and ill-defined non-mass 
lesions tend to persist in the late period in 
patients in the IORT group, but they usually 
turn into minor findings in the WBRT group. 
Furthermore, diffuse changes such as skin 

thickening, increased parenchymal density, 
and edema regressed completely or partially 
in both groups over time.

Major limitations in this study include the 
small number of patients. In the clinic, IORT 
was performed in a very selective manner, 
and only single-dose therapy cases were 
included. The control group was not homo-
geneous and consisted of both standard and 
hypofractionated regimens because hypof-
ractionation has been preferred whenever 
possible during recent years. Follow-up ex-
aminations were not available in every case 
due to the retrospective design of the study. 
Furthermore, the classification of radiolog-
ical findings as “minor or major” was some-
what subjective as there are no standardized 
criteria for this classification. However, two 
experienced breast radiologists interpret-
ed the findings in consensus. Although the 
readers were unaware of the treatment pro-
tocol, surgical markers placed at the tumor 
bed in some patients inevitably indicated 
WBRT on mammography. Finally, this study 
did not evaluate the rate of false positive 
findings leading to magnetic resonance im-
aging or biopsy.

In conclusion, mammography revealed 
more diffuse changes in the WBRT group as 
opposed to localized findings in the IORT 
group in terms of skin thickening, edema, 
and the increase in parenchymal density. US 
demonstrated significantly more ill-defined 
non-mass lesions and circumscribed mass-
es in the IORT group, while fluid collections 
and linear and planar scars were more typical 
for WBRT. Radiologists should especially be 
aware of ill-defined non-mass lesions, which 
are considerably more common in patients 
who received IORT, because they can be con-
fusing, especially in early follow-up studies. 
This study found that minor findings were 
seen more frequently in low-density breasts, 
while major findings were more common in 
high-density breasts on both mammography 
and US in the IORT group. This has not been 
reported before, and further studies with 
more cases are needed to verify these results.
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Nomogram based on clinical characteristics and radiological features 
for the preoperative prediction of spread through air spaces in patients 
with clinical stage IA non-small cell lung cancer: a multicenter study
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PURPOSE
To investigate the value of clinical characteristics and radiological features for predicting spread 
through air spaces (STAS) in patients with clinical stage IA non-small cell lung cancer (NSCLC).

METHODS
A total of 336 patients with NSCLC from our hospital were randomly divided into two groups, i.e., 
the training cohort (n = 236) and the internal validation cohort (n = 100) (7:3 ratio). Furthermore, 
69 patients from two other hospitals were collected as the external validation cohort. Eight clinical 
patient characteristics were recorded, and 20 tumor radiological features were quantitatively mea-
sured and qualitatively analyzed. In the training cohort, the differences in clinical characteristics 
and radiological features were compared using univariate and multivariate analysis. A nomogram 
was created, and the predictive efficacy of the model was evaluated in the validation cohorts. The 
receiver operating characteristic curve and area under the curve (AUC) value were used to evaluate 
the discriminative ability of the model. In addition, the Hosmer–Lemeshow test and calibration 
curve were used to evaluate the goodness-of-fit of the model, and the decision curve was used to 
analyze the model’s clinical application value.

RESULTS
The best predictors included gender, the carcinoembryonic antigen (CEA), consolidation-to-tumor 
ratio (CTR), density type, and distal ribbon sign. Among these, the tumor density type [odds ratio 
(OR): 6.738] and distal ribbon sign (OR: 5.141) were independent risk factors for predicting the STAS 
status. Moreover, three different STAS prediction models were constructed, i.e., a clinical, radiologi-
cal, and combined model. The clinical model comprised gender and the CEA, the radiological mod-
el included the CTR, density type, and distal ribbon sign, and the combined model comprised the 
above two models. A DeLong test results revealed that the combined model was superior to the 
clinical model in all three cohorts and superior to the radiological model in the external validation 
cohort; the cohort AUC values were 0.874, 0.822, and 0.810, respectively. The results also showed 
that the combined model had the highest diagnostic efficacy among the models. The Hosmer–
Lemeshow test showed that the combined model showed a good fit in all three cohorts, and the 
calibration curve showed that the predicted probability value of the combined model was in good 
agreement with the actual STAS status. Finally, the decision curve showed that the combined mod-
el had a better clinical application value than the clinical and radiological models.

CONCLUSION
The nomogram created in this study, based on clinical characteristics and radiological features, has 
a high diagnostic efficiency for predicting the STAS status in patients with clinical stage IA NSCLC 
and may support the creation of personalized treatment strategies before surgery.
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The global cancer incidence statistics for 
2020 reported lung cancer as one of 
the leading causes of cancer-induced 

death, with non-small cell lung cancer (NS-
CLC) accounting for approximately 80–85% 
of lung cancers.1 According to the latest 
National Comprehensive Cancer Network 
guidelines,2 lobectomy has been the stan-
dard surgical procedure for clinical-stage IA 
NSCLC; however, sublobar resection, includ-
ing segmentectomy and wedge resection, is 
considered acceptable for lower-risk patients 
in early stages of the disease, such as those 
with a tumor diameter ≤2 cm, a ground-glass 
opacity (GGO) component and other stan-
dards.3-5

In 2015, the World Health Organization 
(WHO) formally defined “spread through air 
spaces (STAS)” as tumor cells appearing in 
the form of micropapillary cell clusters, solid 
cancer nests, or single tumor cells in the lung 
tissue surrounding the main tumor. It further 
identified STAS as the fourth type of invasion 
mode in lung adenocarcinoma.6 Recent stud-
ies showed that STAS was a prognostic factor 
of poor outcomes for sublobar resection in 
patients with clinical or pathological stage 
IA lung cancer.7,8 The presence of STAS was 
an independent risk factor for recurrence in 
patients with stage IA part-solid adenocar-
cinoma after sublobar resection.9 Therefore, 
the use of relatively radical surgery, such as 
lobectomy rather than sublobar resection, 
as well as a wider surgical resection mar-
gin may be appropriate in the presence of 
STAS.7-10 Effective preoperative evaluation of 
the STAS status may help to improve patient 
outcomes. 

At present, postoperative pathological 
section,6 which does not facilitate preop-
erative surgical planning, remains the gold 
standard for STAS diagnosis. However, pre-
operative puncture and intraoperative fro-
zen pathological examinations are limited by 

their low sensitivity, small tissue sample size, 
and short diagnosis time.11,12 Therefore, accu-
rate assessment of the STAS status using pre-
operative imaging methods and other valu-
able clinical information could significantly 
impact surgical plans.

Scholar-led studies on the STAS status of 
lung cancer based on preoperative computed 
tomography (CT) results revealed a correla-
tion between certain radiological features of 
lung cancer and the STAS status.13-19 Through 
the use of different multiple regression mod-
els, these studies showed an association be-
tween STAS and larger tumor size,13,14 larger 
solid component size,13-16 a larger ratio of solid 
component size to total tumor size [consoli-
dation-to-tumor ratio (CTR)],13,14,16-18 air bron-
chogram sign,13 vacuole sign,15 spiculation 
sign,15 lobulation sign,18 and notch sign.19 
Additionally, Kim et al.17 found that STAS was 
absent in pure GG lesions. Most existing stud-
ies included lesions in any stage of lung ade-
nocarcinoma;15-17,19 only two studies included 
stage IA lung adenocarcinoma,13,18 and one 
study included only part-solid nodules.14 Fur-
thermore, the above-described studies only 
included histologic adenocarcinoma tumors. 
However, STAS was reportedly associated with 
the poor prognosis of other types of lung can-
cer, such as lung squamous cell carcinoma,20 
lung pleomorphic carcinoma,21 and lung neu-
roendocrine tumors.22 Jia et al.23 also showed 
that clinical characteristics, such as age, gen-
der, and the carcinoembryonic antigen (CEA), 
were predictors of STAS in lung cancer. To 
the best of the present authors’ knowledge, 
studies focusing on clinical stage IA NSCLC 
[excluding pure GG nodules (pGGNs)] and 
incorporating the relevant CT radiological 
features and valuable clinical information for 
predicting the STAS status are rare. Therefore, 
the current study explored the risk factors of 
STAS in clinical stage IA NSCLC with a focus 
on clinical characteristics and radiological 
features. A prediction model was constructed, 
and a nomogram was produced. The model 
underwent internal and external validation 
to provide a basis for accurately assessing the 
presence or absence of STAS in patients with 
preoperative clinical stage IA NSCLC.

Methods

Patients

The present study was approved by the 
Ethics Committee of Changzheng Hospital, 
Naval Medical University (decision number: 
CZ-20220712-03). Due to the retrospective 
nature of this study, the need for informed 
consent was waived.

A retrospective patient analysis was per-
formed; the included patients (1) had a clin-
ical stage IA NSCLC status assessed by post-
operative pathology and (2) had undergone 
a preoperative chest CT examination one 
week before surgical resection at our hospi-
tal and two other hospitals between Septem-
ber 2019 to September 2022. The authors 
collected 290 patients presenting as pGGNs, 
none of which were positive for STAS. As re-
ported in the references,17 these pGGNs were 
excluded.

The inclusion criteria were as follows: pa-
tients with (i) a thin-slice (≤1.5 mm) chest CT 
with no artifacts within one week before sur-
gery; (ii) complete clinical and pathological 
data; (iii) clinical stage IA NSCLC (cT1N0M0, 
with a maximum tumor diameter of ≤3 cm); 
and (iv) solid or mixed GG nodules (mGGNs). 

The exclusion criteria were as follows: 
patients with (i) poor image quality; (ii) in-
complete clinical and pathological data; (iii) 
a maximum tumor diameter of >3 cm; (iv) tu-
mors with lymph node or distant metastasis; 
(v) a pathological type other than NSCLC; (vi) 
a history of preoperative neoadjuvant treat-
ment and chemotherapy; and (vii) pGGNs.

A total of 336 patients from our hospital 
(hospital 1) were included in the study and 
randomly divided into two groups, i.e., the 
training cohort (n = 236) and the internal 
validation cohort (n = 100) (7:3 ratio). Fur-
thermore, 69 cases from two other hospitals 
(hospital 2 and hospital 3) were used as the 
external validation cohort, including 30 pa-
tients from hospital 2 and 39 patients from 
hospital 3. The detailed patient inclusion pro-
cedure is shown in Figure 1.

If multiple lesions in the same patient 
were surgically removed and met the inclu-
sion criteria, the research conducted by Der-
cle et al.24 was referred to for the selection of 
a representative lesion with the largest tu-
mor size for analysis.

Clinical and pathological data collection

Patient data were collected, including 
gender, age, clinical symptoms, smoking 
status, family history of lung cancer, history 
of malignant tumors, history of multiple pri-
mary lung cancer, surgical type, pathological 
type, and CEA levels.

Equipment and parameters

Patients from hospital 1 underwent pre-
operative chest CT examinations with four 
types of CT machines, including the Toshiba 
Aquilion16 row, GE Light Speed VCT64 row, 

Main points

•	 The density type and distal ribbon sign were 
independent risk factors for predicting the 
spread through air spaces (STAS) status in 
patients with clinical stage IA non-small cell 
lung cancer.

•	 The designed nomogram based on clinical 
characteristics and radiological features has 
a high diagnostic efficiency in predicting 
the STAS status.

•	 Compared with the clinical and radiological 
models, the nomogram showed a better 
discriminative ability and clinical applica-
tion value.
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Philips Ingenuity 64 row, and Brilliance iCT 
128 row CT machines, from three vendors. 
In the external cohort, patients from hospi-
tal 2 were assessed with the American Light 
Speed 16, Light Speed VCT64 row, and Dutch 
Philips iCT 256-row CT machines. Hospital 3 
utilized the German SOMATOM Definition 
Flash and SOMATOM Drive 64-row CT ma-
chines. The patients were instructed to lie 
down during the scan. The scanning range 
was set from the thoracic inlet to the middle 
portion of the kidneys; the tube voltage was 
set to 120 kVp, with a tube current of 150–
250 mAs or automatic tube current regula-
tion; the scanning slice thickness and slice in-
crement were 5 mm; the reconstruction slice 
thickness and slice increment were (1) 1 mm 
in hospital 1 and hospital 2 and (2) 1.3 mm in 
hospital 3. The lung or standard algorithm re-
construction was selected, and non-contrast 
enhanced images were used for analysis.

Image evaluation

The CT images were imported into soft-
ware (RadiAnt DICOM Viewer 4.2.1, Medix-
ant, Poland) and analyzed by two indepen-
dent radiologists with 2 and 10 years of 
experience, respectively, who were blinded 
to the pathological information. The lung 
window [width:  1500 Hounsfield scale (HU), 
level: −500 HU], mediastinal window (width: 
300 HU, level: 50 HU), multiplanar reforma-
tion (MPR), and maximal intensity projection 
were used to analyze the lesion. For quanti-
tative measures, the average measurements 
of two independent radiologists were used 
as the final data. For qualitative indicators, 
disagreements were discussed until a con-
sensus was reached.

First, the longest diameter of the entire 
tumor and the consolidation part were mea-
sured at the lung window on the MPR imag-
es, and the proportion of the consolidation 
part (CTR) was calculated.13 Clinical T-staging 
was performed according to the maximum 
diameter of the solid components of the tu-
mor.25 

Second, the following qualitative CT ra-
diological features were assessed: the tumor 
location, density type (solid and mGGN), 
shape (round and irregular), tumor–lung in-
terface (well-defined and ill-defined), margin 
(lobulation and spiculation), internal features 
(vacuole sign and cavity/cystic airspace), and 
external features (vascular convergence, 
bronchial change, pleural tags, pleural in-
dentation, halo sign, satellite lesions, distal 
ribbon sign, and combination with emphy-
sema).

The definitions of CT radiological features 
are described in Supplementary Table 1, and 
the CT radiological features are shown in 
Supplementary Figures 1-4. Most of the defi-
nitions concerning the pulmonary nodules’ 
radiological features have previously been 
reported.17,26-29

Pathological diagnosis

The pathological diagnosis of each pa-
tient included in the present study was es-
tablished, respectively, by two pathologists, 
a junior pathologist and a senior pathologist 
with more than 10 years of work experience 
collectively, based on the 2015 WHO defini-
tion of STAS.6 The classification of lung can-
cer was based on the WHO’s classification of 
lung cancer (2015 edition),6 and the clinical 
and pathological staging was based on the 
TNM staging standard of lung cancer (8th 
edition),25 as the pathological diagnosis was 
determined as part of routine clinical prac-
tice, and the specimens were not reviewed 
specifically for this study.

Statistical analysis

The SPSS (v.20.0) and R (v.4.2.2) statistical 
software programs were used for analyzing 
all statistical tests. The classified data were 
represented by the number of cases, and the 
comparison between the two groups was 
performed using Pearson’s chi-square test, 
Yate’s correction for continuity, or Fisher’s 
exact test. A P value of <0.05 was considered 
statistically significant in the univariate anal-
ysis. Variables with P < 0.1 in the univariate 
analysis were included in the multivariate lo-
gistic regression analysis, backward stepwise 
selection was applied using the likelihood 
ratio test, with Akaike’s information crite-
rion as the stopping rule to select the best 
combination of variables for building the 
prediction model in the training cohort, and 
a corresponding nomogram was construct-
ed. The interobserver agreement of numeric 
and categorical variables was assessed using 
intraclass correlation coefficients (ICCs) and 
κ-statistics, respectively. The receiver op-
erating characteristic (ROC) curve with the 

Figure 2. The nomogram for the preoperative prediction of the spread through air spaces status based 
on clinical characteristics and radiological features in clinical stage IA non-small cell lung cancer. CEA, 
carcinoembryonic antigen; CTR, consolidation-to-tumor ratio; STAS, spread through air spaces, mGGN, 
mixed ground-glass nodule.

Figure 1. The flow chart for patient selection. NSCLC, non-small cell lung cancer; CT, computed tomography;  
STAS, spread through air spaces.
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corresponding area under the curve (AUC) 
value was used to evaluate the discrimina-
tive ability of the prediction models for pre-
dicting STAS in the training and validation 
cohorts. The DeLong test was used to assess 
AUC differences between models. Calibration 
curves and the Hosmer–Lemeshow test were 
used to evaluate the goodness-of-fit of the 
prediction model; a P value of >0.05 indicat-
ed a high goodness-of-fit. The decision curve 
analysis (DCA) was used to evaluate the clin-
ical utility of the nomogram. Multivariate bi-
nary logistic regression, nomograms, and cal-
ibration plots were performed with the “rms” 
package of the R software. The ROC was per-
formed using the “pROC” package. Validation 
was performed by the “rms” package. DCA 
was performed using the “gg.DCA” function. 

Results

Clinicopathological characteristics of the 
study cohorts

Of the 405 patients with NSCLC included 
in the present study, 118 were STAS-positive 
and 287 were STAS-negative. Statistically sig-
nificant gender differences were observed in 
the training and external validation cohorts 
(P < 0.05). Furthermore, the surgical method 
showed statistically significant differences in 
the training and internal validation cohorts 
(P < 0.05), whereas smoking status, CEA, and 
pathological type demonstrated statistically 
significant differences in the training cohort 
(P < 0.05). Additionally, there were statistical-
ly significant differences concerning clinical 
symptoms in the external validation cohort 
(P < 0.05) (Table 1).

Univariate and multivariate logistic regres-
sion analysis

For radiological features, good consis-
tency was observed in terms of quantitative 

parameters between two observers (ICC: 
0.934–0.935), with a strong consistency in 
qualitative indicators (Kappa value: 0.852–
1.000). The interobserver agreement assess-
ment results of each index are shown in Sup-
plementary Table 2.

In the training cohort, univariate analysis 
showed statistically significant differences in 
gender, smoking status, CEA, clinical T-stage, 
CTR, density type, spiculation, bronchial 
change, vascular convergence, halo sign, 
distal ribbon sign, pleural indentation, and 
pleural tags between the STAS-positive and 
the STAS-negative groups (P < 0.05) (Table 
2). No multicollinearity was observed (see 
Supplementary Table 3). The best combi-
nation of variables selected by multivariate 
logistic regression analysis included gender, 
the CEA, CTR, density type, and distal ribbon 
sign, among which the tumor density type 
[odds ratio (OR: 6.738] and distal ribbon sign 
(OR: 5.141) were independent risk factors for 
predicting the STAS status (Table 3). 

Model development and evaluation

Based on the best combination of vari-
ables selected by multivariate logistic regres-
sion analysis, three different models were 
constructed: (1) a clinical model comprising 
gender and the CEA; (2) a radiological model 
comprising the CTR, density type, and dis-
tal ribbon sign; and (3) a combined model 
including of all the above variables. Then, 
predictive diagnostic efficacy was compared 
among the different models. The results in-
dicated that the AUC values in the three 
cohorts were 0.874, 0.822, and 0.810 in the 
combined model, 0.862, 0.821, and 0.738 
in the radiological model, and 0.639, 0.505, 
and 0.685 in the clinical model. The predic-
tive efficacy is shown in Table 4, and the ROC 
curves are shown in Figures 3-5. The DeLong 
test demonstrated that the combined mod-

el was superior to the clinical model in the 
three cohorts (Z = 6.315, 4.969, and 2.085; 
P < 0.05) and that the combined model was 
superior to the radiological model in the 
external validation cohort (Z = 2.529; P < 
0.05). The radiological model was superior 
to the clinical model in the training cohort 
and the internal validation cohort (Z = 5.065 
and 4.306; P < 0.05). Based on the regres-
sion coefficients of the variables selected 
by multivariate logistic regression analysis, a 
nomogram was constructed to evaluate the 
STAS risk intuitively, as shown in Figure 2. The 
regression equation was ln (P/1−P) = −3.97 
+ 0.74 × gender + 1.25 × CEA + 1.49 × CTR 
+ 1.90 × density type + 1.64 × distal ribbon 
sign, where P represents the probability of 
predicting the occurrence of STAS. The Hos-
mer–Lemeshow test showed that the com-
bined model was a good fit in all three co-
horts (P = 0.22, 0.94, and 0.51, respectively). 
Moreover, the calibration curve showed that 
the predicted probabilities of the combined 
model were in acceptable  agreement with 
the actual probabilities in the three cohorts 
(Figures 6-8). The DCA showed that the com-
bined model had a better clinical application 
value than the clinical and radiological mod-
els (Figures 9-11).

Discussion
With the extensive application of low-

dose CT screening for lung cancer, the de-
tection and surgical rates of the disease 
have been continuously improving.30 STAS is 
a risk factor for postoperative tumor recur-
rence and metastasis in patients with early 
lung cancer, and lobectomy can achieve a 
better clinical prognosis than sublobecto-
my.7,8,31 Therefore, an accurate prediction of 
the STAS status before surgery has import-
ant guiding significance for the selection of 
the surgical procedure. This study revealed 
that the tumor density type and distal 

Figures 3-5. The receiver operation characteristic curve analysis of the clinical, radiological, and combined models in the three cohorts. (Figure 3) The training 
cohort, (Figure 4) the internal validation cohort, and (Figure 5) the external validation cohort. AUC, area under the curve.
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Table 1. The clinical and pathological characteristics of patients in the training cohort and the two validation cohorts

Characteristics

Training cohort (n = 236) Internal validation cohort (n = 100) External validation cohort (n = 69)

STAS (−)
(n = 177)

STAS (+)
(n = 59)

P value STAS (−)
(n = 71)

STAS (+)
(n = 29)

P value STAS (−)
(n = 39)

STAS (+)
(n = 30)

P value

Gender

Male 66 (37.3%) 32 (54.2%)
0.022a

49 (69.0%) 21 (72.4%)
0.736a

12 (30.8%) 20 (66.7%)
0.003a

Female 111 (62.7%) 27 (45.8%) 22 (31.0%) 8 (27.6%) 27 (69.2%) 10 (33.3%)

Age (year)

<65 125 (70.6%) 35 (59.3%)
0.108a

50 (70.4%) 17 (58.6%)
0.255a

30 (76.9%) 19 (63.3%)
0.217a

≥65 52 (29.4%) 24 (40.7%) 21 (29.6%) 12 (41.4%) 9 (23.1%) 11 (36.7%)

Clinical symptoms

Absent 124 (70.1%) 47 (79.7%)
0.153a

49 (69.0%) 16 (55.2%)
0.188a

31 (79.5%) 17 (56.7%)
0.041a

Present 53 (29.9%) 12 (20.3%) 22 (31.0%) 13 (44.8%) 8 (20.5%) 13 (43.3%)

Smoking status

Non-smoker 151 (85.3%) 42 (71.2%)
0.015a

62 (87.3%) 25 (86.2%)
1.000b

34 (87.2%) 21 (70.0%)
0.079a

Smoker 26 (14.7%) 17 (28.8%) 9 (12.7%) 4 (13.8%) 5 (12.8%) 9 (30.0%)

Family history of lung cancer

Absent 164 (92.7%) 57 (96.6%)
0.441b

67 (94.4%) 28 (96.6%)
1.000b

39 (100.0%) 30 (100.0%)
N/A

Present 13 (7.3%) 2 (3.4%) 4 (5.6%) 1 (3.4%) 0 (0.0%) 0 (0.0%)

History of malignancy

Absent 151 (85.3%) 51 (86.4%)
0.831a

60 (84.5%) 25 (86.2%)
1.000b

35 (89.7%) 29 (96.7%)
0.528b

Present 26 (14.7%)  8 (13.6%) 11 (15.5%) 4 (13.8%) 4 (10.3%) 1 (3.3%)

History of multiple primary lung cancer

Absent 145 (81.9%) 51 (86.4%)
0.423a

55 (77.5%) 25 (86.2%)
0.321a

32 (82.1%) 26 (86.7%)
0.851b

Present 32 (18.1%)  8 (13.6%) 16 (22.5%) 4 (13.8%) 7 (17.9%) 4 (13.3%)

CEA (μg/L)

<5 173 (97.7%) 49 (83.1%)
<0.001b

67 (94.4%) 26 (89.7%)
0.685b

36 (92.3%) 25 (83.3%)
0.438b

≥5 4 (2.3%) 10 (16.9%) 4 (5.6%) 3 (10.3%) 3 (7.7%) 5 (16.7%)

Surgery type

Sublobectomy 80 (45.2%) 14 (23.7%)
0.004a

25 (35.2%) 3 (10.3%)
0.023b

12 (30.8%) 3 (10.0%)
0.075b

Lobectomy 97 (54.8%) 45 (76.3%) 46 (64.8%) 26 (89.7%) 27 (69.2%) 27 (90.0%)

Pathological type

MIA 14 (7.9%)  0 (0.0%)

0.021c

7 (9.9%) 0 (0.0%)

0.069c

1 (2.6%) 0 (0.0%)

0.588c

IA 154 (87.0%) 53 (89.8%) 64 (90.1%) 28 (96.6%) 37 (94.8%) 28 (93.3%)

IMA 5 (2.8%)  4 (6.8%) 0 (0.0%) 0 (0.0%) 1 (2.6%) 0 (0.0%)

SCC 3 (1.7%)  0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

ASC 1 (0.6%) 2 (3.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (3.4%)

NSCLC-NOS 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (3.4%) 0 (0.0%) 1 (3.4%)

The P value represents the univariate analysis; data are presented as n (%). a, Pearson’s chi-square; b, Yates’ correction for continuity; c, Fisher’s exact test; STAS, spread through air 
spaces; STAS (−), STAS-negative; STAS (+), STAS-positive; CEA, carcinoembryonic antigen; MIA, minimally invasive adenocarcinoma; IMA, invasive mucinous adenocarcinoma; SCC, 
squamous cell carcinoma; ASC, adenosquamous carcinoma; NSCLC-NOS: non-small cell lung cancer, not otherwise specified.
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Table 2. Radiological features of the tumor in the training cohort and the two validation cohorts

Features

Training cohort (n = 236) Internal validation cohort (n = 100) External validation cohort (n = 69)

STAS (−)
(n = 177)

STAS (+)
(n = 59)

P value STAS (−)
(n = 71)

STAS (+)
(n = 29)

P value STAS (−)
(n = 39)

STAS (+)
(n = 30)

P value

Clinical T-stage

cT1mi 17 (9.6%) 0 (0.0%)

<0.001c

5 (7.0%) 0 (0.0%)

<0.001c

1 (2.6%) 0 (0.0%)

<0.001c
cT1a 75 (42.4%) 11 (18.6%) 28 (39.4%) 1 (3.4%) 11 (28.2%) 1 (3.3%)

cT1b 69 (39.0%) 22 (37.3%) 32 (45.1%) 9 (31.0%) 25 (64.1%) 18 (60.0%)

cT1c 16 (9.0%) 26 (44.1%) 6 (8.5%) 19 (65.6%) 2 (5.1%) 11 (36.7%)

CTR (%)

<50 63 (35.6%) 2 (3.4%)
<0.001a

19 (26.8%) 1 (3.4%)
0.008a

6 (15.4%) 0 (0.0%)
0.032c

≥50 114 (64.4%) 57 (96.6%) 52 (73.2%) 28 (96.6%) 33 (84.6%) 30 (100.0%)

Density type

mGGN 154 (87.0%) 19 (32.2%)
<0.001a

63 (88.7%) 11 (37.9%)
<0.001a

21 (53.8%) 3 (10.0%)
<0.001b

Solid 23 (13.0%) 40 (67.8%) 8 (11.3%) 18 (62.1%) 18 (46.2%) 27 (90.0%)

Location

RUL 58 (32.8%) 12 (20.3%)

0.174a

19 (26.8%) 11 (37.9%)

0.783a

11 (28.2%) 8 (26.7%)

0.737a

RML 16 (9.0%) 5 (8.6%) 7 (9.9%) 3 (10.5%) 4 (10.3%) 2 (6.7%)

RLL 27 (15.3%) 16 (27.1%) 17 (23.9%) 5 (17.2%) 7 (17.9%) 6 (20.0%)

LUL 53 (29.9%) 16 (27.1%) 17 (23.9%) 5 (17.2%) 10 (25.7%) 5 (16.6%)

LLL 23 (13.0%) 10 (16.9%) 11 (15.5%) 5 (17.2%) 7 (17.9%) 9 (30.0%)

Shape

Irregular 26 (14.7%) 12 (20.3%)
0.307a

12 (16.9%) 5 (17.2%)
1.000b

20 (51.3%) 14 (46.7%)
0.704a

Round/oval 151 (85.3%) 47 (79.7%) 59 (83.1%) 24 (82.8%) 19 (48.7%) 16 (53.3%)

Tumor-lung interface

 Well-defined 167 (94.4%) 51 (86.4%)
0.089b

68 (95.8%) 23 (79.3%)
0.026b

34 (87.2%) 25 (83.3%)
0.653a

 Ill-defined 10 (5.6%) 8 (13.6%) 3 (4.2%) 6 (20.7%) 5 (12.8%) 5 (16.7%)

Lobulation

Absent 32 (18.1%) 6 (10.2%)
0.152a

18 (25.4%) 3 (10.3%)
0.095a

14 (35.9%) 11 (36.7%)
0.947a

Present 145 (81.9%) 53 (89.8%) 53 (74.6%) 26 (89.7%) 25 (64.1%) 19 (63.3%)

Spiculation

Absent 156 (88.1%) 34 (57.6%)
<0.001a

64 (90.1%) 18 (62.1%)
0.001a

32 (82.1%) 18 (60.0%)
0.042a

Present 21 (11.9%) 25 (42.4%) 7 (9.9%) 11 (37.9%) 7 (17.9%) 12 (40.0%)

Vacuole

Absent 127 (71.8%) 38 (64.4%)
0.287a

49 (69.0%) 20 (69.0%)
0.996a

31 (79.5%) 25 (83.3%)
0.685a

Present 50 (28.2%) 21 (35.6%) 22 (31.0%) 9 (31.0%) 8 (20.5%) 5 (16.7%)

Cavity/cystic airspace 

Absent 161 (91.0%) 52 (88.1%)
0.526a

66 (93.0%) 26 (89.7%)
0.884b

37 (94.9%) 30 (100.0%)
0.501c

Present 16 (9.0%) 7 (11.9%) 5 (7.0%) 3 (10.3%) 2 (5.1%) 0 (0.0%)

Bronchial change

Absent 84 (47.5%) 19 (32.2%)
0.041a

29 (40.8%) 9 (31.0%)
0.359a

19 (48.7%) 16 (53.3%)
0.704a

Present 93 (52.5%) 40 (67.8%) 42 (59.2%) 20 (69.0%) 20 (51.3%) 14 (46.7%)
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Table 2. Continued

Features

Training cohort (n = 236) Internal validation cohort (n = 100) External validation cohort (n = 69)

STAS (−)
(n = 177)

STAS (+)
(n = 59)

P value STAS (−)
(n = 71)

STAS (+)
(n = 29)

P value STAS (−)
(n = 39)

STAS (+)
(n = 30)

P value

Vascular convergence

Absent 150 (84.7%) 43 (72.9%)
0.041a

53 (74.6%) 19 (65.5%)
0.356a

35 (89.7%) 18 (60.0%)
0.009b

Present 27 (15.3%) 16 (27.1%) 18 (25.4%) 10 (34.5%) 4 (10.3%) 12 (40.0%)

Pleural tags

Absent 97 (54.8%) 18 (30.5%)
0.001a

31 (43.7%) 8 (27.6%)
0.135a

14 (35.9%) 11 (36.7%)
0.947a

Present 80 (45.2%) 41 (69.5%) 40 (56.3%) 21 (72.4%) 25 (64.1%) 19 (63.3%)

Pleural indentation

Absent 115 (65.0%) 23 (39.0%)
<0.001a

38 (53.5%) 12 (41.4%)
0.271a

17 (43.6%) 13 (43.3%)
0.983a

Present 62 (35.0%) 36 (61.0%) 33 (46.5%) 17 (58.6%) 22 (56.4%) 17 (56.7%)

Halo sign

Absent 175 (98.9%) 54 (91.5%)
0.015b

70 (98.6%) 24 (82.8%)
0.010b

37 (94.9%) 29 (96.7%)
1.000b

Present 2 (1.1%) 5 (8.5%) 1 (1.4%) 5 (17.2%) 2 (5.1%) 1 (3.3%)

Satellite lesions

Absent 165 (93.2%) 56 (94.9%)
0.878b

63 (88.7%) 23 (79.3%)
0.360b

34 (87.2%) 25 (83.3%)
0.653a

Present 12 (6.8%) 3 (5.1%) 8 (11.3%) 6 (20.7%) 5 (12.8%) 5 (16.7%)

Distal ribbon sign

Absent 157 (88.7%) 29 (49.2%)
<0.001a

55 (77.5%) 13 (44.8%)
0.001a

31 (79.5%) 19 (63.3%)
0.136a

Present 20 (11.3%) 30 (50.8%) 16 (22.5%) 16 (55.2%) 8 (20.5%) 11 (36.7%)

ELLC

Absent 163 (92.1%) 54 (91.5%)
1.000b

69 (97.2%) 27 (93.1%)
0.702b

38 (97.4%) 25 (83.3%)
0.103b

Present 14 (7.9%) 5 (8.5%) 2 (2.8%) 2 (6.9%) 1 (2.6%) 5 (16.7%)

ERL

Absent 163 (92.1%) 54 (91.5%)
1.000b

70 (98.6%) 27 (93.1%)
0.416b

38 (97.4%) 25 (83.3%)
0.103b

Present 14 (7.9%) 5 (8.5%) 1 (1.4%) 2 (6.9%) 1 (2.6%) 5 (16.7%)

The P value represents the univariate analysis; data are presented as n (%). a, Pearson’s chi-square; b, Yates’ correction for continuity; c, Fisher’s exact test; STAS, spread through 
air spaces; STAS (−), STAS-negative; STAS (+), STAS-positive; cT1mi, tumor with a solid component size of <0.5 cm and an entire tumor size of <3.0 cm; cT1a, tumor with a solid 
component size of 0.6–1.0 cm and entire tumor size of 0.6–3.0 cm; cT1b, tumor with a solid component size of 1.1–2.0 cm and entire tumor size of 1.1–3.0 cm; cT1b, tumor with a 
solid component size of 2.1–3.0 cm and an entire tumor size of 2.1–3.0 cm; CTR, consolidation-to-tumor ratio; mGGN, mixed ground-glass nodule; RLL, right lower lobe; RML, right 
middle lobe; RUL, right upper lobe; LUL, left upper lobe; LLL, left lower lobe; ELLC, emphysema in the lobe of lung cancer; ERL, emphysema in the remaining lobes.

Figures 6-8. The calibration curves of the combined model in the three cohorts. (Figure 6) The training cohort, (Figure 7) the internal validation cohort, and (Figure 
8) the external validation cohort.
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ribbon sign were independent risk factors 
for predicting the STAS status. The combined 
model was constructed based on the best 
combination of variables selected by mul-
tivariate logistic regression analysis, includ-
ing gender, the CEA, CTR, density type, and 
distal ribbon sign, and had the highest diag-

nostic efficacy of the models. The AUC val-
ues in the training cohort, internal validation 
cohort, and external validation cohorts were 
0.874, 0.822, and 0.810, respectively. The 
accuracy of the model was 80.51%, 78.00%, 
and 75.36%, respectively, the sensitivity was 
83.05%, 72.41%, and 76.67%, respectively, 

and the specificity was 79.66%, 80.28%, and 
74.36%, respectively.

In the present study, the spiculation sign, 
pleural indentation sign, and vascular con-
vergence sign were more common in the 
STAS-positive than in the STAS-negative 
group; this is consistent with previous lit-

Figures 9-11. The decision curve shows that the combined model has better clinical application value than the clinical and radiological models in the three cohorts. 
(Figure 9) The training cohort, (Figure 10) the internal validation cohort, and (Figure 11) the external validation cohort.

Table 3. Univariate and multivariate logistic regression analysis of factors in the training cohort

Factors
Univariate logistic regression analysis Multivariate logistic regression analysis

OR (95% CI) P value OR (95% CI) P value

Gender 1.993 (1.100–3.638) 0.023 2.100 (0.977–4.585) 0.058

Smoking status 2.351 (1.154–4.718) 0.017

CEA 8.827 (2.821–33.31) <0.001 3.519 (0.826–17.32) 0.101

Clinical T-stage 3.576 (2.344–5.684) <0.001

CTR 15.75 (4.690–98.11) <0.001 4.441 (1.159–29.24) 0.057

Density type 14.10 (7.125–29.03) <0.001 6.738 (3.107–15.18) <0.001

Tumor-lung interface 2.620 (0.954–6.993) 0.054

Spiculation 5.462 (2.757–10.99) <0.001

Bronchial change 1.902 (1.034–3.596) 0.042

Pleural tags 2.762 (1.493–5.275) 0.002

Pleural indentation 2.903 (1.592–5.388) 0.001

Vascular convergence 2.067 (1.007–4.158) 0.044

Halo sign 8.102 (1.694–57.70) 0.014

Distal ribbon sign 8.121 (4.114–16.46) <0.001 5.141 (2.272–12.00) <0.001

OR, odds ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CTR, consolidation-to-tumor ratio.

Table 4. The predictive efficacy of the clinical, radiological, and combined models in the three cohorts

Model Cohort Cut-off AUC (95% CI) Accuracy (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Clinical

Training

0.231

0.639 (0.574–0.700) 61.44% 61.02% 61.58% 34.62% 82.58%

Internal validation 0.505 (0.403–0.607) 70.00% 10.34% 94.37% 42.86% 72.04%

External validation 0.685 (0.562–0.792) 68.12% 70.00% 66.67% 61.76% 74.29%

Radiological

Training 

0.113

0.862 (0.811–0.903) 80.08% 83.05% 79.10% 56.98% 93.33%

Internal validation 0.821 (0.731–0.890) 75.00% 79.31% 73.24% 54.76% 89.66%

External validation 0.738 (0.618–0.836) 71.01% 96.67% 51.28% 60.42% 95.24%

Combined

Training

0.264

0.874 (0.825–0.914) 80.51% 83.05% 79.66% 57.65% 93.37%

Internal validation 0.822 (0.733–0.891) 78.00% 72.41% 80.28% 60.00% 87.69%

External validation 0.810 (0.697–0.894) 75.36% 76.67% 74.36% 70.00% 80.56%

AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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erature reports19,32 and indicates a possible 
relation of STAS-positivity to the disease’s 
pathological mechanism. Spiculation is as-
sociated with tumor cell infiltration into ad-
jacent blood and lymphatic vessels, suggest-
ing that lung cancer is relatively aggressive;33 
meanwhile, pleural indentation arises from 
intratumor reactive fibrous hyperplasia, pull-
ing the adjacent pleura and causing devia-
tion from its original position.34 The vascular 
convergence sign is also caused by the reac-
tive fibrous hyperplasia of the tumor, which 
pulls the adjacent pulmonary vessels to con-
verge with the tumor.35 A relatively high de-
gree of tumor infiltration is associated with 
serious internal reactive fibroplasia as well as 
with a higher probability of pleural indenta-

tion and vascular convergence, indicating a 
greater possibility of STAS.

Kim et al.17 reported that STAS did not 
exist in the pGGNs of lung adenocarcinoma. 
The authors of the present study collected 
290 patients presenting as pGGNs, none of 
which were positive for STAS. Therefore, this 
study excluded patients with pGGNs but in-
cluded those with mGGNs and solid nodules, 
which are at potential risk of STAS. The strict 
inclusion and exclusion criteria promoted an 
objective prediction efficiency of the model 
constructed in this study. Yin et al.36 showed 
that STAS was more common in lung adeno-
carcinoma presenting as solid nodules than 
mGGNs or pGGNs. The results of the present 
study revealed that the tumor density type 

was an independent risk factor for predict-
ing STAS. The incidence of STAS in patients 
with solid nodules showing on CT was 63.4% 
(85/134), while that of mGGNs was 12.1% 
(33/271); this is consistent with the results of 
previous studies.19,36 

Solid components typically represent the 
more aggressive part of the tumor.25 Previous 
studies have shown a positive correlation be-
tween CTR and STAS,13,14,16,18 and higher CTR 
values were associated with more aggressive 
tumors, a higher likelihood of a STAS-posi-
tive status, and a worse patient prognosis.27 
In the present study, the STAS-positive rate 
in the CTR ≥50% group was 36.6% (115/314), 
and the STAS-positive rate in the CTR <50% 
group was 3.3% (3/91), indicating a high-
er STAS incidence in cases with higher sol-
id components showing on CT, which is in 
agreement with existing research. This study 
also found that the distal ribbon sign was 
another independent risk factor for predict-
ing STAS. This can possibly be attributed to 
tumor cells escaping from the primary le-
sion, redistributing through the airway, and 
growing along the surrounding alveolar wall, 
thus resulting in parenchymal obstruction of 
the surrounding lung or obstruction of the 
terminal bronchioles and reducing the gas 
content in the alveoli.

Qi et al.32 proposed for the first time that 
GG ribbons were an independent risk factor 
for predicting STAS; a GG ribbon was defined 
as a band-shaped GGO with a blurred edge 
emitting from the edge of the nodule and 
extending into the adjacent lung. This is sim-
ilar to the distal ribbon sign described in the 
present study (Figures 12-15). In general, a 
higher degree of tumor invasion is associat-
ed with a higher incidence of STAS, which is 
indicated by a relatively high proportion of 
tumor solid components on CT and a rela-
tively high number of malignant radiological 
features. Lobectomy is recommended for 
this type of early lung cancer.

The current study found STAS-positivity 
correlated with gender and the CEA level. 
Among the patients included in the study, 
37.5% (60/160) of male patients and 23.7% 
(58/245) of female patients were STAS-pos-
itive; furthermore, 26.6% (100/376) of pa-
tients with CEA <5 μg/L and 62.1% (18/29) 
of patients with CEA ≥5 μg/L were STAS-pos-
itive. The results showed that male patients 
with lung cancer and CEA ≥5 μg/L had a 
heightened likelihood of being associated 
with STAS-positivity; this is similar to the con-
clusions presented by Jia et al.23

Figures 14, 15. A 67-year-old female patient with lung adenocarcinoma and a negative spread through 
air spaces (STAS) status. (Figure 14) The axial non-contrast computed tomography image shows a mixed 
ground-glass nodule in the right lower lobe of the lung, with the longest interface length of the entire tumor 
and solid component being 1.80 cm and 5.57 mm, respectively; consolidation-to-tumor ratio <50%, with 
an irregular shape and a well-defined interface. (Figure 15) The pathological section indicated a negative 
STAS status; that is, there were no free tumor cell clusters in the alveolar cavity outside the edge of the 
main lesion. The photomicrograph (hematoxylin and eosin stained, magnification x40) shows clean alveolar 
spaces adjacent to the boundary (dashed line) of the tumor (star).

Figures 12, 13. A 58-year-old male patient with lung adenocarcinoma and a positive spread through air 
spaces status. The sagittal non-contrast computed tomography image shows a solid nodule in the right 
lower lobe of the lung (Figure 12), consolidation-to-tumor ratio ≥50%, with distal ribbon sign (red arrow), 
lobulation sign, spiculation sign (yellow arrow), and multiple pleural tags (green arrow). (Figure 13) The 
photomicrograph (hematoxylin and eosin stained, magnification x100) shows detached micropapillary 
clusters of tumor cells (arrows) in the alveolar beyond the edge (dark line) of the main tumor (star).



 

780 • November 2023 • Diagnostic and Interventional Radiology Wang et al.

Many previous studies have investigated 
STAS based on preoperative CT examina-
tion;13-19 however, these studies only includ-
ed lung adenocarcinoma, and the variables 
selected to construct the model were mostly 
based on CT features. The diagnostic effi-
ciency of these models ranged from 0.726 
to 0.803, and most of them lacked external 
validation. Focusing on clinical stage IA NS-
CLC, this study included a wider spectrum 
of lung cancer, representing relatively high 
clinical significance. The best combination 
of variables selected by multivariate logistic 
regression analysis included preoperative 
clinical characteristics and radiological fea-
tures, and a corresponding clinical model, 
radiological model, and combined model 
were constructed, respectively. Moreover, 
this study adopted a multicenter external 
dataset, which improved the generalizability 
of the model. Subsequently, the diagnostic 
efficacy of the different models was assessed 
in the three cohorts, indicating that some 
clinical characteristics and radiological fea-
tures of patients could be used to predict the 
STAS status before surgery. The combined 
model yielded the highest diagnostic effica-
cy and showed the best clinical application 
value among the models. Furthermore, a no-
mogram was drawn to illustrate the complex 
regression equation of the model in a visual 
graph, providing an intuitive, easy-to-under-
stand, and convenient method to evaluate 
patients. The nomogram also guides the ac-
curate judgment of the STAS status before 
surgery.

The limitations of this study should be 
acknowledged. First, this research represents 
a retrospective study, and a degree of selec-
tion bias was inevitable. Second, this study 
only analyzed the clinical characteristics and 
radiological features of patients, and further 
studies related to radiomics and artificial 
intelligence can be performed to explore 
whether the diagnostic efficiency could be 
further improved. Third, due to the lack of 
detailed follow-up data, whether STAS is an 
independent prognostic factor, as well as its 
effect on patients undergoing sublobecto-
my, should be further confirmed; the authors 
aim to conduct another study in the future 
when more follow-up data has been collect-
ed.

In conclusion, the nomogram presented 
in this study incorporating clinical character-
istics and radiological features allows for the 
preoperative prediction of the STAS status in 
patients with clinical stage IA NSCLC and can 
assist thoracic surgeons in rationally select-
ing surgical methods.
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Supplementary Table 1. The definitions of radiological features

Feature Definition

Tumor size The longest diameter of the whole tumor at the lung window on the MPR image

Solid component size The longest diameter of the solid component of the tumor at the lung window on the MPR image

CTR The proportion of the solid component part (consolidation-to-tumor ratio, CTR)

Location Lobe of tumor originated from 

Density mGGN, presence of ground-glass opacity and solid density component; solid, absence of ground-glass opacity, contains solid 
density component only

Shape Shape of tumor on the MPR images, including round/oval, irregular shape

Tumor-lung interface Interface of the tumor-lung, including well-defined or ill-defined interface

Marginal characteristics

Lobulation sign Petaloid or wavy appearance at the tumor’s margins

Spiculation sign Short, thin linear strands radiating around the surface of the tumor without reaching the pleural surface

Internal characteristics

Vacuole sign A small air containing space (≤5 mm) in the tumor, referring to lung tissue not invaded by the tumor 

Cavity or cystic airspace A larger air containing space (>5 mm) in the tumor because of intratumoral necrosis or represents spared parenchyma, normal 
or ectatic bronchi, or focal emphysema 

External characteristics

Bronchial change Air-filled bronchus manifesting as natural, dilated/distorted or cut-off within the lesions, or cut-off at the edge of the lesions

Vascular convergence sign The convergence of pulmonary vessels around the tumor towards the lesion

Pleural tags sigh One or multiple high-density linear strands connecting the tumor margin and the pleura

Pleural indentation sigh The deviation of the pleura from its original position due to tumor traction at the lung window

Halo sigh Ill-defined peripheral ground-glass opacity or consolidation around the tumor, which should be distinguished from the well-
defined ground-glass opacity of a part-solid lesion

Satellite lesion sigh Smaller nodules located within 2 cm of the primary tumor

Distal ribbon sign A long, thick ribbon strand extending from the distal part of the tumor into the surrounding lung tissue

ELLC Presence of emphysema in the lobe of lung cancer with visual observation 

ERL Presence of emphysema in the remaining lobes with visual observation 

CTR, consolidation-to-tumor ratio; ELLC, emphysema in the lobe of lung cancer; ERL, emphysema in the remaining lobes; MPR, multiplanar reformation.
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Supplementary Table 2. Consistency analysis of radiological features among observers

Kappa (95% CI) ICC (95% CI)

Density type 0.960 (0.931–0.989) Tumor size (mm) 0.934 (0.911–0.950)

Distal ribbon sign 0.968 (0.939–0.996) Solid component size (mm) 0.935 (0.919–0.947)

Shape 0.887 (0.834–0.941)

Lobulation 0.949 (0.912–0.986)

Spiculation 0.953 (0.916–0.990)

Tumor-lung interface 0.886 (0.803–0.969)

Bronchial change 0.925 (0.888–0.962)

Vacuole sign 0.963 (0.934–0.992)

Cavity or cystic airspace 0.881 (0.800–0.962)

Vascular convergence 0.875 (0.817–0.933)

Halo sign 0.852 (0.709–0.995)

Pleural tags 0.960 (0.933–0.987)

Pleural indentation 0.970 (0.947–0.994)

Satellite lesions 0.925 (0.859–0.990)

ELLC 1.000

ERL 1.000

CI, confidence interval; ICC, intraclass correlation coefficient; ELLC, emphysema in the lobe of lung cancer; ERL, emphysema in the remaining lobes.

Supplementary Table 3. The training cohort included collinearity test of multivariate 
logistic regression analysis variables

Collinearity test statistics

Tolerance Variance inflation factor

Gender 0.669 1.494

Smoking status 0.664 1.505

CEA 0.873 1.146

Clinical T-stage 0.400 2.502

CTR 0.528 1.895

Density type 0.601 1.663

Tumor-lung interface 0.846 1.182

Spiculation 0.663 1.508

Bronchial change 0.844 1.185

Pleural tags 0.742 1.347

Pleural indentation 0.802 1.246

Vascular convergence 0.758 1.319

Halo sign 0.814 1.228

Distal ribbon sign 0.674 1.484

CEA, carcinoembryonic antigen; CTR, consolidation-to-tumor ratio.
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Supplementary Figure 1. Show a same patient, a 53-year-old female patient with lung adenocarcinoma and positive STAS status. The axial non-contrast computed 
tomography shows a solid nodule in the right middle lobe of the lung, CTR ≥50%, with distal ribbon sign (a, red arrow), lobulation sigh (a, green arrow), interlobar 
pleura indentation sigh (b, blue arrow), bronchial change (b and c, yellow arrow), spiculation sigh (c, purple arrow). The maximal intensity projection (d) shows a 
vascular convergence sign (black arrow), lobulation sigh (green arrow) and distal ribbon sigh (red arrow). STAS, spread through air spaces; CTR, consolidation-to-
tumor ratio.
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Supplementary Figure 2. Shows a 77-year-old 
female patient with lung adenocarcinoma and 
negative STAS status. The axial non-contrast 
computed tomography shows a mixed ground 
glass nodule in the left upper lobe of the lung 
(green arrow) with satellite lesion sign (red arrow), 
the distance between the nodule and the satellite 
lesion is 1.03 cm. STAS, spread through air spaces.

Supplementary Figure 3. Shows a 74-year-old male 
patient with invasive mucinous adenocarcinoma 
and negative STAS status. The axial non-contrast 
computed tomography shows a solid nodule in the 
left lower lobe of the lung with halo sign (yellow 
arrow) and vacuole sign (blue arrow). STAS, spread 
through air spaces.

Supplementary Figure 4. Shows a 62-year-old 
female patient with invasive adenocarcinoma 
and negative STAS status. The axial non-contrast 
computed tomography shows a mixed ground 
glass nodule in the right upper lobe of the lung 
with well-defined interface, pleural tags sigh (green 
arrow) and cavity or cystic airspace (red arrow). 
STAS, spread through air spaces. 
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Comparison of image quality and quantitative parameters in intravoxel 
incoherent motion imaging at 3-T based on turbo spin-echo and echo-
planar imaging in patients with oral cancer

Lingjie Yang# 
Xing Wu# 
Yu Wang 
Guangzi Shi 
Huijun Hu* 
Xiaohui Duan* 

PURPOSE
To compare the image quality, apparent diffusion coefficient (ADC), and intravoxel incoherent mo-
tion- (IVIM) derived parameters of IVIM imaging based on turbo spin-echo (TSE) and echo-planar 
imaging (EPI) of patients with oral cancer and to assess the equivalence of the ADC and IVIM-de-
rived parameters.

METHODS
Thirty patients with oral cancer underwent TSE-IVIM and EPI-IVIM imaging using a 3.0-T system. 
The distortion ratio (DR), signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), qualitative eval-
uations of image quality, ADC, pure diffusion coefficient (D), pseudo-diffusion coefficient (D*), and 
perfusion fraction (f) were compared between the two sequences. The consistency of the quanti-
tative parameters in oral cancer between the TSE and EPI sequences was evaluated using a Bland–
Altman analysis. 

RESULTS
TSE-IVIM had a significantly smaller DR than EPI-IVIM (P < 0.001). The CNR of EPI-IVIM on most of 
the anatomical sites was significantly higher than that of TSE-IVIM (P < 0.05), while the SNR was not 
significantly different (P > 0.05). TSE-IVIM had significantly higher image quality, less distortion and 
artifacts, and lower image contrast compared with EPI-IVIM (P < 0.05). The lesion-edge sharpness 
and diagnostic confidence of EPI-IVIM were lower than that of TSE-IVIM, although no significant 
differences existed (P > 0.05). The ADC and D of TSE-IVIM had better reproducibility (intraclass cor-
relation coefficient > 0.9). Although no significant difference existed for the ADC and IVIM-derived 
parameters of lesions between the two sequences (P > 0.05), wide limits of agreement were found 
in the Bland–Altman plots.

CONCLUSION
TSE-IVIM could be used as an alternative technique to EPI-IVIM for patients with oral cancer because 
of its better image quality. Furthermore, TSE-IVIM can provide more accurate quantitative parame-
ters. However, the quantitative parameters derived from the two IVIM techniques cannot be used 
as equivalent parameters for patients with oral cancer.
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imaging, oral cancer, quantitative parameters, turbo spin-echo
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Oral cancer has become the 16th most common malignancy worldwide, occurring com-
monly in men of middle or old age in developing countries, with squamous cell car-
cinomas accounting for more than 90% of cases.1-3 Diffusion-weighted imaging (DWI) 

with apparent diffusion coefficient (ADC), which can estimate the diffusion movement of 
water molecules and reflect the cellular density in tissues,4-6 has been widely and routinely 
used in patients with oral cancer.7,8 However, there is often a failure to distinguish the diffu-
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sion of water molecules from the perfusion 
of capillary blood when using ADC.9 Multiple 
b-value-based intravoxel incoherent motion 
(IVIM) is an advanced DWI technique with 
the parameters of perfusion fraction (f), pure 
diffusion coefficient (D), and pseudo-diffu-
sion coefficient (D*), which can avoid perfu-
sion contamination and evaluate molecular 
diffusion and blood perfusion effects sepa-
rately.10,11 Therefore, IVIM imaging is being 
increasingly used for tumor detection, diag-
nosis, differential diagnosis, and prognostic 
evaluation for oral cancer.12

At present, single-shot echo-planar im-
aging (SS-EPI) is commonly applied for IVIM 
sequences, with the advantages of a rapid 
image acquisition speed and a relative insen-
sitivity to motion.13 Nevertheless, because 
of the complex structure of many air–bone 
boundaries and the presence of metallic 
dental implants in the head and neck, signal 
loss and geometric distortion are commonly 
found with SS-EPI due to the susceptibility 
artifacts and chemical shift artifacts in the 
phase-encoding direction,14,15 which may re-
sult in a deterioration of image quality and 
a reduction in the diagnostic confidence of 
oral lesions. Alternatively, the single-shot tur-
bo spin-echo (SS-TSE) uses multiple radiofre-
quency (RF) refocusing pulses, resulting in 
less susceptibility to artifacts and geometric 
distortions.16 However, it commonly has the 
disadvantages of a lower signal-to-noise ra-
tio (SNR) and a longer acquisition time.17

Recently, TSE-DWI sequences in 3-T mag-
netic resonance imaging (MRI) can shorten 
the scan time and obtain a higher SNR and 
less blurring through the reduction of echo 
space with the adoption of an appropriate RF 
pulse shape.18 Some studies have reported 
that TSE-DWI had better image quality than 
EPI-DWI in breast cancer,17 pulmonary le-
sions,19 and orofacial lesions.14,20 In addition, a 
preliminary study compared the image qual-

ity and the quantitative parameters derived 
from IVIM between the two IVIM sequences 
in a group of healthy volunteers’ head and 
neck regions.21 However, to our knowledge, 
comprehensive evaluation (including quan-
titative and qualitative) of image quality and 
comparisons of ADC, D, D*, and f between 
TSE-IVIM and EPI-IVIM in both oral lesions 
and normal anatomies of the head and neck 
have not been reported.

Thus, in this study, we evaluated and com-
pared the geometric distortion, SNR, con-
trast-to-noise ratio (CNR), image quality, and 
ADC and IVIM-derived parameters in normal 
anatomies and oral lesions of TSE-IVIM and 
EPI-IVIM. The purpose of this study was to 
demonstrate whether TSE-IVIM can become 
an alternative technique to EPI-IVIM for pa-
tients with oral cancer and to determine the 
equivalence of these quantitative parame-
ters.

Methods

Patients

The Ethics Committee of Sun Yat-Sen Me-
morial Hospital, Sun Yat-Sen University (SY-
SEC-KY-KS-2022-029; 2022.01.19) approved 
this prospective study, and signed informed 
consent was given by all subjects. Patients 
with oral cancer requiring MR examination of 
the head and neck region prior to operation 
between May 2021 and December 2021 were 
included in our study. The exclusion criteria 
were as follows: (1) patients who had under-
gone a lesion biopsy before MRI; (2) patients 
who had a resection of the parotid gland, 
submandibular gland, or tongue; (3) patients 
who had contraindications for MR examina-
tions that would affect the examination; or 
(4) patients in the early stage of pregnancy 
(less than 3 months). Finally, 30 patients, 19 
(63.33%) males and 11 (36.67%) females, 
were included in this study. The mean age 
was 54 ± 10 years. Among them were 18 
(60.00%) tongue carcinomas, 3 (10.00%) oral 
floor carcinomas, 3 (10.00%) gingiva carcino-
mas, 2 (6.67%) buccal carcinomas, 2 (6.67%) 
palate carcinomas, 1 (3.33%) oropharyngeal 
carcinoma, and 1 (3.33%) tonsil carcinoma. 

Imaging protocol

All patients underwent MR examination 
using a 3-T MR system (Ingenia Digital Net-
work Architecture 3.0 T, Philips Healthcare, 
Best, the Netherlands) with a 20-channel 
head and neck coil. SS-TSE- and SS-EPI-based 
IVIM sequences were executed consecutively 
in each examination. We used the same scan-

ning parameters for the two IVIM sequences 
as far as it was feasible. In addition, 12 b val-
ues of 0, 20, 30, 50, 80, 100, 200, 500; 1,000; 
1,500; 2,000, and 2,500 s/mm2 were applied 
to the two IVIM sequences. The phase-en-
coding direction of both sequences was hor-
izontal [left–right (LR)]. The scanning param-
eters of the two IVIM sequences and T2WI are 
shown in Table 1. 

Data analysis

Image quality

Two experienced radiologists (S.G.Z. and 
D.X.H., with 6 and 10 years’ experience in 
head and neck radiology, respectively), who 
were blinded to the scanning sequences 
and clinical information, independently per-
formed quantitative and qualitative evalua-
tions of the images’ quality. The axial images 
of TSE-IVIM and EPI-IVIM with b = 1,000 s/
mm2 were selected and analyzed.

For the quantitative evaluation of image 
distortion, we calculated the distortion ra-
tio (DR) at the level of the oral floor on the 
axial images of two IVIM images in compar-
ison with that of axial TSE-T2WI images. We 
selected a representative slice level of the 
oral floor and displayed the TSE-IVIM, EPI-
IVIM, and TSE-T2WI images on the same lay-
er. Then, the LR width and anterior–posterior 
(AP) length of the whole image on transverse 
sections were measured on these three se-
quences. The DR was defined as the follow-
ing equation: 

 ,                                 (1)

where A is the anteroposterior or trans-
verse diameter of the IVIM image and B is the 
anteroposterior or transverse diameter of the 
TSE-T2WI image. The DRs in both the LR and 
AP direction were calculated respectively.

The SNR and CNR were calculated for sev-
eral normal anatomies and lesions on two 
kinds of IVIM images. The circular regions 
of interest (ROI) were placed in the bilater-
al parotid glands, bilateral submandibular 
glands, soft palate, tongue, oral floor, buccal 
mucosa soft tissue, lesion, and the muscles 
close to each organ, and the size of the ROIs 
was about 50 pixels. The mean and standard 
deviation (SD) of the signal intensity (SI) in 
each ROI were recorded. All ROIs of normal 
anatomical sites were delineated to avoid 
blood vessels, gland ducts, and lesions. For 
the measurements of CNR, adjacent muscles 
were used as the reference tissue. The SNR 
and CNR of each ROI were calculated as the 
following equations:

Main points

•	 Turbo spin-echo (TSE)- intravoxel incoher-
ent motion (IVIM) had better image quality 
in the oral and maxillofacial regions and 
could be used as an alternative technique to 
echo-planar imaging (EPI)-IVIM for patients 
with oral cancer.

•	 TSE-IVIM can provide more accurate param-
eter values, especially for the apparent diffu-
sion coefficient and D values.

•	 The quantitative parameters acquired from 
TSE-IVIM and EPI-IVIM imaging cannot be 
used as equivalent parameters for the diag-
nosis and follow-up of oral cancer.
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 ,                                          (2)

 ,               (3)

where SIa and SDa represent the mean 
and SD of the SI in the normal anatomies or 
lesions, and SImuscle and SDmuscle represent the 
mean and SD of the SI in the adjacent mus-
cles.20,21

A 5-point scale was applied to qualita-
tively assess image quality, including image 
distortion, lesion-edge sharpness, image 
contrast, artifacts, overall image quality, and 
diagnostic confidence. Image distortion was 
recorded as follows: 1 = severe; 2 = obvious; 
3 = moderate; 4 = slight; and 5 = no image 
distortion. Lesion-edge sharpness and image 
contrast for a normal anatomy were evaluat-
ed as follows: 1= unreadable; 2 = doubtful; 
3 = moderate; 4 = good; and 5 = obvious. 
Chemical shift artifacts and susceptibility 
artifacts were evaluated, respectively, as fol-
lows: 1 = artifacts occur in the lesion and af-
fect diagnosis; 2 = artifacts occur in more 
than three regions but do not affect the di-
agnosis; 3 = artifacts occur in three regions 
and do not affect the diagnosis; 4 = artifacts 
occur in less than three regions and do not 
affect the diagnosis; and 5 = almost no arti-
facts. Diagnostic confidence and overall im-
age quality were scored as follows: 1 = not 
diagnostic; 2 = poor; 3 = moderate; 4 = good; 
and 5 = excellent. 

ADC and quantitative parameters derived 
from IVIM

The ADC maps for this study were recon-
structed using IntelliSpace Portal (version 

9.0, Philips Healthcare), and the IVIM-de-
rived parameter maps were generated by 
MITK-Diffusion (German Cancer Research 
Center, Germany).

Two radiologists delineated the ROIs in 
the bilateral parotid glands, bilateral sub-
mandibular glands, soft palate, tongue, oral 
floor, fat, muscle, and lesions on the ADC, D, 
D*, and f maps. The ROI of fat was set in the 
buccal area at the level of the tongue, and 
the sternocleidomastoid at the same level 
was designated as the ROI of the muscle. The 
ROIs were delineated to the maximum possi-
ble sizes to avoid blood vessels, gland ducts, 
and lesions. The ADC values were measured 
on each ADC parameter map by placing cir-
cular regions of multiple anatomical struc-
tures and lesions. A biexponential fit model 
was applied to calculate D, D*, and f accord-
ing to a previous study.21

Statistical analysis

MedCalc (version 20.0, Mariakerke, Bel-
gium) and SPSS (Version 25.0, IBM Corpo-
ration) software were used for all statistical 
analysis, with P < 0.05 representing statisti-
cal significance. Normally distributed data 
are expressed as mean ± SD, non-normally 
distributed data are displayed as median 
(minimum–maximum), and categorical 
variables are presented as frequencies with 
percentages. The qualitative evaluations 
and parameters of TSE-IVIM and EPI-IVIM 
were compared by using a paired Student’s 
t-test and the Wilcoxon signed rank test. 
Interobserver agreement for continuous 
variables was estimated using the intraclass 
correlation coefficient (ICC). The levels of 
interobserver agreement were assessed as 

follows: 0–0.50 = poor, 0.51–0.75 = mod-
erate, 0.76–0.90 = good, and 0.91–1.00 = 
excellent.11 Additionally, the interobserver 
agreement of categorical variables was as-
sessed using Kappa statistics: poor (0–0.20), 
fair (0.21–0.40), moderate (0.41–0.60), good 
(0.61–0.80), and excellent (0.81–1.00).18 Fur-
thermore, the consistency of the qualitative 
parameters of lesions between the two IVIM 
sequences was evaluated using a Bland–Al-
tman analysis with 95% limits of agreement 
(LoA).

Results

Comparison of distortion ratio 

The interobserver agreement of DRs  was 
good (P < 0.05). The ICCs of DRs in the direc-
tion of LP and AP were 0.819 (TSE-IVIM) and 
0.764 (EPI-IVIM), and 0.819 (TSE-IVIM) and 
0.779 (EPI-IVIM), respectively. The mean DRs 
in the LR direction in TSE-IVIM and EPI-IVIM 
were 11.4% ± 5.1% and 15.1% ± 5.2%, and 
the mean DRs in the AP direction in TSE-IVIM 
and EPI-IVIM were 9.93% ± 2.65% and 11.8% 
± 2.65%, respectively. Compared with EPI-
IVIM, the DRs in both directions were signifi-
cantly lower in TSE-IVIM (P < 0.001) (Figure 
1), and the difference was more significant in 
the direction of LR, which was the phase-en-
coding direction. 

Comparison of SNR and CNR

The SNR values showed good agreement 
between the two observers (ICC: 0.825 in 
TSE-IVIM and 0.829 in EPI-IVIM, P < 0.05), and 
the CNR values showed good to excellent 
agreement (ICC: 0.962 in TSE-IVIM and 0.873 
in EPI-IVIM, P < 0.05). As shown in Table 2, 
no significant differences in SNR existed be-
tween the two IVIM sequences (P > 0.05) in 
the normal anatomical sites and the lesions. 
However, EPI-IVIM had significantly higher 
CNRs in the tongue, oral floor, buccal muco-
sa soft tissue, parotid glands, submandibular 
glands, and lesion compared with TSE-IVIM 
(P < 0.05), while no significant difference of 
the CNRs in the soft palate was found be-
tween the two IVIM techniques (P = 0.417).

Comparison of qualitative evaluations

Moderate to excellent interobserver 
agreements of the qualitative evaluations 
were obtained (P < 0.05). The Kappa values 
were 0.783 (TSE-IVIM) and 0.684 (EPI-IVIM) 
for image distortion, 0.896 (TSE-IVIM) and 
0.906 (EPI-IVIM) for lesion-edge sharpness, 
0.563 (TSE-IVIM) and 0.604 (EPI-IVIM) for im-
age contrast, 0.851 (TSE-IVIM) and 0.819 (EPI-

Table 1. The scanning parameters of T2WI, SS-TSE-IVIM, and SS-EPI-IVIM

T2WI SS-TSE-IVIM SS-EPI-IVIM

TR/TE (ms) 2906/90 4488/89 5037/81

FOV (mm2) 230 × 230 230 × 230 230 × 230

Matrix size 252 × 160 92 × 92 92 × 92

Voxel size (mm) 0.79 × 1.44 2.5 × 2.5 2.5 × 2.5

Reconstruction voxel size (mm) 0.53 × 0.53 0.96 × 0.96 0.8 × 0.8

SENSE factor / 3.5 3.5

TSE/EPI factor 20 (TSE) 53 (TSE) 23 (EPI)

Slice thickness (mm) 5 5 5

Interlayer spacing (mm) 0.5 1 1

Flip angle 90° 90° 90°

Bandwidth (Hz/pixel) 698.6/0.6 652.7/0.7 68.0/6.4

NSA 2 2 2

Acquisition time 1 min 38 s 10 min 55 s 10 min 19 s

IVIM, intravoxel incoherent motion; SS-TSE, single-shot turbo spin echo; SS-EPI, SS echo-planar imaging; TR, 
repetition time; TE, echo time; FOV, field of view; NSA, number of signal averaged.
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IVIM) for diagnostic confidence, 0.873 (TSE-
IVIM) and 0.907 (EPI-IVIM) for chemical shift 
artifacts, 0.750 (TSE-IVIM) and 0.634 (EPI-
IVIM) for susceptibility artifacts, and 0.561 
(TSE-IVIM) and 0.648 (EPI-IVIM) for overall im-
age quality. The mean scores of the qualita-
tive evaluations of image quality on TSE-IVIM 
and EPI-IVIM are shown in Figure 2. TSE-IVIM 
had significantly less image distortion, chem-
ical shift artifacts, and susceptibility artifacts 
than EPI-IVIM (P < 0.001). The lesion-edge 
sharpness and diagnostic confidence of EPI-
IVIM were lower than for TSE-IVIM, although 
no significant differences existed (P > 0.05). 
EPI-IVIM had significantly higher image con-
trast than TSE-IVIM (P < 0.05), although TSE-
IVIM had significantly higher overall image 
quality than EPI-IVIM (P < 0.001). Representa-
tive IVIM images are presented in Figures 3, 4.

Comparison of ADC and quantitative pa-
rameters derived from IVIM 

The ICCs of ADC and IVIM-derived pa-
rameters in the normal anatomical sites and 
lesions on TSE-IVIM and EPI-IVIM are shown 
in Table 3. Good to excellent interobserver 

agreement was found for ADC, and the in-
terobserver agreement for TSE was similar to 
that for EPI. The interobserver agreement of D 
was moderate to excellent, and the interob-
server agreement of TSE was better than that 
of EPI. The measurement consistency of D* 
and f was relatively poor. The interobserver 
agreement for D* was moderate to good, 
and no obvious difference existed between 
TSE and EPI. The interobserver agreement for 
f was moderate to excellent, and no obvious 
difference existed between TSE and EPI.

Table 3 summarizes the mean ADC, D, D*, 
and f values derived from the two IVIMs. No 
significant differences in the values of ADC, 
D, D*, and f were found in lesions and fat (P 
> 0.05). The ADC values of the right parot-
id gland, right submandibular gland, and 
oral floor were not significantly different 
between the two sequences (P > 0.05). The 
ADC values of the soft palate in EPI-IVIM were 
lower than those in TSE-IVIM (P = 0.033). In 
addition, EPI-IVIM had higher ADC values 
than TSE-IVIM in other parts (P < 0.05). The 
D values of the tongue and oral floor were 
not significantly different between the two 

sequences (P > 0.05). The D values of EPI-
IVIM were higher than those of TSE-IVIM in 
other parts except the soft palate, which was 
lower in EPI-IVIM (P < 0.05). The D* values of 
the parotid glands, soft palate, and muscle in 
TSE-IVIM and EPI-IVIM were not significant-
ly different (P > 0.05). However, in the other 
parts, D* of EPI-IVIM exhibited higher values 
than for TSE-IVIM (P < 0.05). The f values for 
the oral floor, submandibular glands, and pa-
rotid glands were not significantly different 
between the two sequences (P > 0.05). The 
f values of the soft palate and tongue were 
higher for TSE-IVIM than EPI-IVIM, while the f 
values of muscle were higher for EPI-IVIM (P 
< 0.05).

As shown in Figure 5, the Bland–Altman 
plots exhibit a consistency in the quantita-
tive parameters for lesions between the two 
IVIM sequences. The 95% LoAs were −1.12 to 
1.53 for ADC, −0.84 to 0.70 for D, −32.0 to 31.7 
for D*, and −27.5 to 27.8 for f. No fixed biases 
between the two sequences were found re-
garding ADC (P = 0.107), D (P = 0.341), D* (P = 
0.949), or f (P = 0.952) values for lesions. How-
ever, the 95% LoAs shown in the plots were 
wide between TSE-IVIM and EPI-IVIM.

Discussion
Our results demonstrated that TSE-IVIM 

had significantly less image distortion, 
chemical-shift artifacts, and susceptibility ar-
tifacts than EPI-IVIM in patients with oral can-
cer. TSE-IVIM had better lesion-edge sharp-
ness and higher diagnostic confidence than 
EPI-IVIM, although no statistical differences 
existed. SNR had no significant differences, 
while EPI-IVIM had significantly higher CNR 
on most anatomical structures and lesions 
in comparison with TSE-IVIM, indicating that 
EPI-IVIM had significantly higher image con-
trast than TSE-IVIM. On the whole, TSE-IVIM 

Table 2. The SNR and CNR on TSE-IVIM and EPI-IVIM

SNR (n = 30) CNR (n = 30)

TSE-IVIM EPI-IVIM P TSE-IVIM EPI-IVIM P

Parotid gland (L) 8.9 (5.3–19.9) 9.2 (6.2–24.7) 0.072 1.9 (0.3–7.2) 4.3 (0.2–20.2) 0.004

Parotid gland (R) 9.0 (4.4–16.0) 8.3 (3.8–18.7) 0.165 2.1 (0.1–11.1) 4.9 (0.3–35.6) 0.003

Submandibular gland (L) 9.1 (5.9–19.1) 8.0 (4.9–19.9) 0.309 4.4 (0.2–17.9) 7.0 (1.5–29.2) <0.001

Submandibular gland (R) 9.8 (5.8–23.2) 9.4 (5.1–28.2) 0.673 3.4 (0.3–15.5) 6.4 (0.2–29.5) <0.001

Soft palate 6.3 (4.0–12.7) 7.2 (3.0–12.7) 0.734 5.5 (1.5–12.3) 4.9 (0.5–14.8) 0.417

Tongue 7.7 (4.0–13.1) 7.8 (3.5–16.4) 0.098 3.1 (0.2–6.9) 5.0 (1.1–10.8) 0.002

Oral floor 8.2 (3.9–15.6) 6.7 (4.5–10.8) 0.185 1.2 (0.2–7.2) 3.9 (0.2–25.8) <0.001

Buccal mucosa soft tissue 9.0 (3.5–12.7) 7.6 (3.9–12.5) 0.199 0.8 (0.2–15.5) 1.3 (0.1–19.8) 0.047

Lesion 10.6 (6.9–36.0) 10.8 (4.1–32.5) 0.517 13.1 (1.5–70.9) 16.2 (1.5–109.7) 0.037

Data are presented as median (minimum–maximum). IVIM, intravoxel incoherent motion; TSE, turbo spin echo; EPI, echo-planar imaging; SNR, signal-to-noise ratio; CNR, contrast-
to-noise ratio. 

Figure 1. Box-and-whisker plots for the distortion ratios (DRs) of turbo spin-echo intravoxel incoherent 
motion (TSE-IVIM) and echo-planar imaging (EPI) IVIM. The DRs of the (a) left–right width and (b) 
anterior–posterior length were significantly lower in the images of TSE-IVIM than in those of EPI-IVIM  
(P < 0.001 by paired Student’s t-test). 
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had better overall image quality than EPI-
IVIM. The ADC and D values showed good 
interobserver agreement, while the mea-
surement consistency of D* and f was poor. 
Moreover, TSE-IVIM exhibited higher mea-
surement consistency of ADC and D than 
EPI-IVIM. Additionally, although no fixed 
bias existed for the ADC, D, D*, and f values 
of lesions between the two sequences, the 
Bland–Altman plots showed wide 95% LoAs. 

Clinically, SS-EPI is the most commonly 
used technique for IVIM sequences. How-

ever, artifacts and geometric distortions in 
EPI-IVIM are usually prominent in patients 
with oral cancer because of the presence of 
air–tissue interfaces or metallic implants in 
the oral and maxillofacial region, which may 
negatively impact on the reproducibility and 
reliability of IVIM and the derived quanti-
tative parameters.10 Theoretically, artifacts 
and geometric distortions in EPI sequences 
are prone to arise in the phase-encoding 
direction because of the acquisition of each 
echo at a different echo time and the accu-
mulation of phase errors caused by rotating 

protons without RF refocusing pulses. In con-
trast, TSE sequences acquire multiple echoes 
at each excitation and apply RF refocusing 
pulses to reduce magnetic field inhomoge-
neity and avoid the accumulation of phase 
errors; hence, TSE sequences usually have 
less image distortion, chemical shift artifacts, 
and susceptibility artifacts than EPI sequenc-
es.14,18 In our study, TSE-IVIM showed better 
image quality on account of lower levels of 
image distortion and artifacts than EPI-IVIM, 
which was in agreement with previous stud-
ies on the head and neck region14,20,22 and 
the whole body.23 The artifacts within and 
around the lesions in EPI-IVIM images could 
reduce the lesion-edge sharpness and diag-
nostic confidence for oral cancer. Therefore, 
the reduction of image distortion and arti-
facts using TSE-IVIM may facilitate a better 
diagnostic confidence for oral cancer.

As for SNR and CNR, previous studies 
have shown that TSE-DWI had inherently 
lower SNR in comparison with EPI-DWI as a 
result of multiple RF refocusing pulses.13,22,24 
Nevertheless, some studies had opposite re-
sults, with significantly higher SNR and CNR 
occurring in TSE-DWI compared with in EPI-
DWI.20,21 Shorter RF pulses owing to the ad-
justment of RF pulse shape can contribute to 
higher SNR and less blurring in TSE-DWI. In 
the present study, IVIM and EPI-IVIM showed 
similar SNRs; this is different to the afore-
mentioned studies but consistent with some 
reports that showed both sequences had 
comparable SNRs in the lung.19,25 However, 
EPI-IVIM had higher CNR in comparison with 
TSE-IVIM in our study, which was oppositive 
to the reports in previous studies.20,21 These 
differences might have resulted from the 
higher noise (SD value) of TSE-IVIM in com-
parison with that of EPI-IVIM in our study. 
Various parameters of image acquisition, 
including the voxel size, receiver bandwidth, 
and number of signal averaged (NSA), can 
affect image noise.26,27 In our study, the vox-
el size and NSA of the two sequences were 
the same, while the TSE-IVIM sequence had 
an obviously wider bandwidth (932.4 Hz/
pixel) than EPI-IVIM (10.6 Hz/pixel). The wid-
er bandwidth in TSE-IVIM leads to greater 
image noise.24 In contrast, the bandwidth 
of TSE-IVIM in previous studies was small-
er than that seen in EPI-IVIM, thus inducing 
the lower noise of TSE-IVIM.20,21 According to 
the formulae of SNR and CNR in our study, 
the higher SI and the higher level of noise in 
TSE-IVIM resulted in a similar SNR to that of 
EPI-IVIM, and the larger amount of noise of 
the adjacent muscles used as the reference 
tissue led to a lower CNR in TSE-IVIM.

Figure 2. Bar chart showing the mean scores of qualitative evaluations of image quality for turbo spin-echo 
intravoxel incoherent motion (TSE-IVIM) and echo-planar imaging (EPI) IVIM images. The P values acquired 
using Wilcoxon’s signed rank test are shown on the right side for comparison of the two sequences. 

Figure 3. (a) T2WI fat-suppressed, (b) turbo spin-echo intravoxel incoherent motion (TSE-IVIM) b1000, 
and (c) echo-planar imaging (EPI) IVIM b1000 of a 58-year-old man with squamous cell carcinoma on the 
left tongue edge. The lesion on (b) TSE-IVIM b1000 is shown in accordance with (a) T2WI fat-suppressed. 
However, obvious geometric distortion of lesion (arrowheads) is seen on (c) EPI-IVIM b1000 compared with 
that on (b) TSE-IVIM b1000. 

Figure 4. (a) T2WI fat-suppressed, (b) turbo spin-echo intravoxel incoherent motion (TSE-IVIM) b1000, and 
(c) echo-planar imaging (EPI) IVIM b1000 of a 54-year-old female with squamous cell carcinoma on the right 
half of the tongue. (c) EPI-IVIM b1000 has more susceptibility artifacts (arrowheads), which affect the display 
of some parts of the lesion, in comparison with (b) TSE-IVIM b1000. However, the lesion in (c) EPI-IVIM b1000 
shows higher contrast than that in (b) TSE-IVIM b1000.
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In terms of the reproducibility of ADC, D, D*, and f, 
we found that the interobserver agreements for ADC 
and D were satisfactory, indicating that ADC and D 
were robust parameters in the head and neck region, 
while D* and f had relatively poor reproducibility and 
high observer variability based on the lower ICC in 
both the TSE and EPI sequences, which was in accor-
dance with many previous studies.28-31 Additionally, in 
our study, the ADC and D values of TSE-IVIM showed 
higher measurement consistency than those of EPI-
IVIM, especially the D values. This result indicated 
that TSE-DWI had higher interobserver agreement of 
ADC and D in comparison to EPI-DWI, similar to some 
previous studies.11,32 TSE-IVIM was prone to decreased 
measurement errors, which may be on account of 
fewer geometric distortions and susceptibility arti-
facts, thus impairing interobserver accordance for 
ADC and D.11

In addition, our results showed that the values of D, 
D*, f, and ADC derived from the two sequences were 
not completely identical. TSE-IVIM and EPI-IVIM had 
comparable D, D*, f, and ADC values only in lesions and 
fat. However, no significant differences of certain pa-
rameters in some normal anatomical structures existed 
between TSE-IVIM and EPI-IVIM, which was in line with 
a previous study.21 Furthermore, based on the absence 
of significant differences for IVIM-derived parameters 
in lesions between TSE-IVIM and EPI-IVIM, a Bland–Al-
tman analysis of TSE-IVIM and EPI-IVIM was performed 
in our study; it demonstrated that the parameters of le-
sions derived from TSE-IVIM and EPI-IVIM had no fixed 
bias, yet the 95% LoAs were wide, suggesting that the 
LoAs in lesions between the two sequences were un-
acceptable, similar to some previous results.11,21 Wan 
et al.11 reported that the 95% LoAs of ADC and D were 
up to 60% and 62%, respectively, between EPI and TSE 
in pulmonary neoplasms. Mikayama et al.21 also found 
wide 95% LoAs for ADC, D, and f in the normal anat-
omy of the head and neck. A number of reasons may 
explain these differences and the wide 95% LoAs be-
tween TSE-IVIM and EPI-IVIM. First, the independent 
ROI delineation of both sequences might result in such 
differences. Although we attempted to draw the ROIs 
at the same level with the same size as much as possi-
ble, the two ROIs drawn for the two different sequenc-
es unavoidably had some differences in terms of size 
and exact position.32 Second, geometric distortions 
caused by susceptibility artifacts observed within the 
tumor region in the EPI sequence will negatively im-
pact the measurement precision of diffusion parame-
ters.32 Finally, these parameters can also be influenced 
by image noise, which may decrease with  the increase 
of image noise.18 Therefore, D, D*, f, and ADC derived 
from IVIM based on TSE and EPI cannot be regarded 
as equivalent parameters for the differential diagnosis 
and efficacy evaluation of oral cancer.

The present study has some limitations. First, the 
scanning parameters of the two sequences were not 
identical; for example, TSE-IVIM and EPI-IVIM used 
different receiver bandwidths. However, the two se-Ta
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quences had similar scanning times in our 
study, although the scanning time for TSE-
DWI is longer in clinical practice. Second, the 
acquisition time was relatively long in this 
study, lasting more than 10 minutes in both 
sequences. We used 12 b values in both IVIM 
sequences. In spite of the improvement in 
accuracy for IVIM-derived parameters using a 
large number of b values, it significantly pro-
longed the scanning time, resulting in more 
motion artifacts, and it is not clinically appli-
cable for limited imaging time. Nevertheless, 
no obvious motion artifacts were detected 
for either TSE-IVIM or EPI-IVIM in this study. 
Third, the data we acquired with a 3-T system 
cannot be extrapolated to 1.5-T systems. On 
account of the difference in magnetic field 
strength, 1.5-T MRI scanners have less mag-
netic susceptibility artifacts and magnetic 
field inhomogeneity compared with 3-T 
scanners.30 This indicates that the advantage 
of TSE-DWI having less susceptibility artifacts 
and geometric distortions may be less signif-
icant when used with 1.5-T systems. Accord-
ingly, further research comparing MRI scan-
ners with different magnetic field strengths 
is necessary.

In conclusion, TSE-IVIM in the oral and 
maxillofacial regions provides better image 

quality with less geometric distortion and 
fewer artifacts than EPI-IVIM. Thus, TSE-IVIM 
could be used as an alternative technique to 
EPI-IVIM in patients with oral cancer, espe-
cially in those with metallic implants prone 
to producing artifacts. Furthermore, ADC 
and D derived from TSE-IVIM have good re-
producibility, indicating that TSE-IVIM can 
provide more accurate parameter values. 
However, the D, D*, f, and ADC values derived 
from IVIM based on the two sequences can-
not be used as equivalent parameters for the 
diagnosis and follow-up of oral cancer.
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Mechanical thrombectomy is associated with shorter length of hospital 
stay and lower readmission rates compared with conservative therapy for 
acute submassive pulmonary embolism: a propensity-matched analysis

Zain M. Khazi 
Justin Pierce 
Shahrzad Azizaddini 
Ryan Davis 
Ambarish P. Bhat 

PURPOSE
To determine if mechanical thrombectomy (MT) for submassive pulmonary embolism (PE) posi-
tively impacts length of hospital stay (LOS), intensive care unit stay (ICU LOS), readmission rate, and 
in-hospital mortality compared with conservative therapy. 

METHODS
This was a retrospective review of all patients with submassive PE who either underwent MT or 
conservative therapy (systemic anticoagulation and/or inferior vena cava filter) between Novem-
ber 2019 and October 2021. Pediatric patients (age <18) and those with low-risk and massive PEs 
were excluded from the study. Patient characteristics, comorbidities, vitals, laboratory values (car-
diac biomarkers, hospital course, readmission rates, and in-hospital mortality) were recorded. A 2:1 
propensity score match was performed on the conservative and MT cohorts based on age and 
the PE severity index (PESI) classification. Fischer’s exact test, Pearson’s χ2 test, and Student’s t-tests 
were used to compare patient demographics, comorbidities, LOS, ICU LOS, readmission rates, and 
mortality rates, with statistical significance defined as P < 0.05. Additionally, a subgroup analysis 
based on PESI scores was assessed.

RESULTS
After matching, 123 patients were analyzed in the study, 41 in the MT cohort and 82 in the conser-
vative therapy cohort. There was no significant difference in patient demographics, comorbidities, 
or PESI classification between the cohorts, except for increased incidence of obesity in the MT co-
hort (P = 0.013). Patients in the MT cohort had a significantly shorter LOS compared with the conser-
vative therapy cohort (5.37 ± 3.93 vs. 7.76 ± 9.53 days, P = 0.028). However, ICU LOS was not signifi-
cantly different between the cohorts (2.34 ± 2.25 vs. 3.33 ± 4.49, P = 0.059). There was no significant 
difference for in-hospital mortality (7.31% vs. 12.2%, P = 0.411). Of those that were discharged from 
the hospital, there was significantly lower incidence of 30-day readmission in the MT cohort (5.26% 
vs. 26.4%, P < 0.001). A subgroup analysis did not demonstrate that the PESI score had a significant 
impact on LOS, ICU LOS, readmission, or in-hospital mortality rates. 

CONCLUSION
MT for submassive PE can reduce the total LOS and 30-day readmission rates compared with con-
servative therapy. However, in-hospital mortality and ICU LOS were not significantly different be-
tween the two groups. 

KEYWORDS
Embolectomy, lung, pulmonary, pulmonary embolism, submassive, thrombectomy

The incidence of pulmonary embolism (PE) is estimated at 117 per 100,000 persons in the 
United States, with approximately 300,000 deaths attributed to PE annually.1,2 Approxi-
mately 55% of patients with PE are at low mortality risk and can be managed with out-
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patient anticoagulation, whereas those with 
massive PE require treatment in an intensive 
care unit (ICU).3-5 However, the management 
of patients with submassive PE is controver-
sial. Unlike patients with massive PE, those 
with submassive PE are characterized as 
being hemodynamically stable but demon-
strating signs of right heart strain on imag-
ing and/or in laboratory values. Historically, 
the management of submassive PE has been 
systemic anticoagulation; however, manage-
ment with systemic anticoagulation alone 
is associated with moderate self-reported 
functional impairment at 1 year after diag-
nosis of submassive PE.6 With advancements 
in endovascular-based interventions, cathe-
ter-based thrombolysis with tissue plasmin-
ogen (tPA) or mechanical thrombectomy 
(MT) are often employed. Catheter-directed 
tPA has been successfully used in the past to 
treat submassive PE and prevent clinical and 
hemodynamic deterioration; however, it is 
associated with increased risk of hemorrhag-
ic stroke and bleeding.7-10 As a result, MT has 
gained popularity in recent years because of 
its ability to rapidly re-perfuse pulmonary 
circulation without the need for tPA or ICU 
admission.

An accurate risk stratification of patients 
with acute submassive PE can help guide the 
management and level of care. In the cur-
rent climate of ballooning healthcare costs, 
the appropriate stratification and treatment 
of submassive PE can help appropriately al-
locate intensive care and maximize health-
care cost-effectiveness through efficacious 
treatment for patients. The PE severity index 
(PESI) is a validated tool to help stratify pa-
tients with acute PE based on the risk of 30-
day mortality.11

Recent data suggest that MT for PE is safe 
and effective.12-14 However, the impact of MT 
compared with that of conservative therapy 
for submassive PE has not been well studied. 
Therefore, the purpose of the current study 

was to determine the impact of MT using the 
FlowTriever device (INARI Medical, Irvine, CA, 
USA) for submassive PE on length of hospital 
stay (LOS), ICU stay (ICU LOS), readmission 
rates, and in-hospital mortality rates com-
pared with anticoagulation therapy alone. 

Methods

Patient selection

After obtaining Institutional Review 
Board (IRB) approval (2004777), a detailed 
retrospective review of patients with PE who 
underwent MT between November 2019 and 
October 2021was performed. Similarly, pa-
tients who were treated conservatively [sys-
temic therapy with/without an inferior vena 
cava (IVC) filter] between June 2017 and Oc-
tober 2021were retrospectively reviewed for 
comparison. Patients with massive PE, low-
risk PE, pediatric patients (age <18 years), 
and those that had undergone catheter-di-
rected or systemic thrombolysis with tPA 
were excluded from both groups (Figure 1). 
The remaining patients were categorized as 
an MT cohort (those treated with MT) and 
conservative therapy cohort (those treated 
with systemic anticoagulation). 

Variables assessed 

Basic patient demographics and comor-
bidities such as a history of diabetes mellitus, 
hypertension, coronary artery disease, con-
gestive heart failure, chronic lung disease, 
obstructive sleep apnea, asthma, smoking, 

coronavirus disease, and malignant neoplas-
tic disease were recorded. Patient vitals and 
laboratory values including cardiac biomark-
ers such as troponin and/or brain natriuretic 
peptide (BNP) at the time of the PE diagnosis 
were collected. Patients were determined to 
have right heart strain/injury based on imag-
ing or biomarker (elevated troponin or BNP 
compared with baseline) elevation. For all 
hemodynamically stable patients with a di-
agnosis of PE, the right ventricle to left ven-
tricle ratio (RV:LV) and maximum pulmonary 
artery (PA) distance was measured by the 
primary authors and senior author. Patients 
with an RV:LV >0.9 and/or echocardiogram 
evidence of moderate-to-severe right heart 
strain were determined to have a submas-
sive PE and were included in the study. Final-
ly, PESI was calculated for each patient and 
stratified into five categories as described by 
Aujesky et al.11

The primary endpoints of the current 
study were to compare the LOS and mortali-
ty rate between the conservative therapy co-
hort and MT cohort. Therefore, the total LOS 
and ICU LOS was calculated for each patient. 
Finally, the incidence of 30 day readmission 
rates was also determined for both cohorts. 

Mechanical thrombectomy procedure

At the time of PE diagnosis, systemic anti-
coagulation was started in all patients prior 
to performing MT. The FlowTriever device is 
the first MT device approved by the US Food 
and Drug Administration for the treatment of 

Main points

•	 Pulmonary embolism (PE) thrombectomy is 
a safe and effective therapy for the manage-
ment of acute submassive PEs.

•	 PE thrombectomy can provide prompt 
reperfusion of the pulmonary vasculature 
and have an immediate clinical benefit.

•	 PE thrombectomy reduces length of hos-
pital stay compared with anticoagulation 
therapy.

•	 PE thrombectomy reduces 30-day readmis-
sion rates compared with anticoagulation 
therapy.

Figure 1. Flowchart of inclusion and exclusion criteria.
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acute PE and was thus used to perform MT 
on all acute submassive PEs included in the 
study (Figure 2a). The technical procedure for 
MT has been previously described by Yasin et 
al.14 Briefly, the right common femoral vein 
was accessed in all cases. A 5F angled pigtail 
catheter was advanced through the right 
heart and was used to select the pulmonary 
trunk. Baseline main PA pressures were mea-
sured, and an initial pulmonary angiogram 
was performed through the catheter to iden-
tify the extent and location of the PE (Figure 
2b). Subsequently, 20/24F FlowTriever devic-
es were used for aspiration thrombectomy. 
The procedure endpoint was decided based 
on a combination of post-procedure PA an-
giograms (Figure 2c), PA pressures, and the 
response of the patient’s clinical status fol-
lowing aspiration thrombectomy. The access 
site was closed with a purse-string suture. 
Throughout the procedure, additional hep-
arin boluses were administered to maintain 
the activated clotting time of approximately 
250 s.

Research ethics standards compliance

This original research was completed 
under an IRB approved protocol. Due to the 
retrospective nature of the study, informed 
consent was not required. The IRB number is 
2004777. All procedures performed were in 
accordance with the ethical standards of the 
institutional and/or national research com-
mittee and with the 1964 Helsinki Declara-
tion and its later amendments or comparable 
ethical standards. 

Statistical analysis

Retrospective analysis can be confound-
ed by selection bias; therefore, a propensity 
score matching algorithm was used to create 
similar groups for the conservative thera-
py and MT cohorts. In this study, a 2:1 pro-
pensity score match was used based on age 
and PESI classification. The matched cohorts 
were compared for patient demographics, 
comorbidities, vitals, cardiac biochemical 
markers, radiographic features of right heart 
strain (through computed tomography scan 
or echocardiography), PESI classification, 
LOS, ICU LOS, mortality rate, and readmis-
sion rates using Fisher’s exact test or Pear-
son’s χ2 test for categorical variables and 
Student’s t-tests for continuous variables. All 
statistical analyses were performed using the 
R program (r-project.org), with statistical sig-
nificance set at P < 0.05.

Results

Patient characteristics

After matching based on PESI classifica-
tion and age, 123 patients were analyzed in 
the study, with 82 in the conservative ther-
apy cohort and 41 in the MT cohort. The 
patient characteristics, imaging findings of 
right heart strain, elevated cardiac biochem-
ical markers, and PESI classifications are out-
lined for both cohorts in Table 1. There was 
no significant difference in patient demo-
graphics, comorbidities, or imaging findings 
of right heart strain between the two cohorts 
except an increased incidence of obesity 
in the MT cohort (P = 0.013) and hyperten-
sion in the conservative therapy cohort (P = 

0.024). The incidence of elevated cardiac bio-
chemical markers from baseline was higher 
in patients who underwent MT (100% vs. 
72%, P < 0.001). There was no difference in 
IVC filter placement during hospital stay and 
PESI classification between the cohorts. 

Outcomes assessed

Patients in the MT cohort had a signifi-
cantly shorter LOS compared with the con-
servative therapy cohort (5.37 ± 3.93 vs. 7.76 
± 9.53 days, P = 0.029; Table 2). However, ICU 
LOS was not significantly different between 
the cohorts (2.34 ± 2.25 vs. 3.33 ± 4.49 , P = 
0.062; Table 2). There was no significant dif-
ference for in-hospital mortality (7.31% vs. 
12.2%, P = 0.411; Table 2). Of those that were 
discharged from the hospital, there was sig-
nificantly lower incidence of 30-day readmis-
sion in the MT cohort (5.26% vs. 26.4%, P < 
0.001; Table 2). A subgroup analysis of PESI 
classifications revealed that PESI scores had 
no significant impact on LOS, ICU LOS, read-
mission, or in-hospital mortality rates.

Discussion 
This retrospective study utilized a pro-

pensity scoring algorithm to compare MT 
with conservative therapy for patients with 
submassive PE with regards to LOS, in-hos-
pital mortality rates, and 30-day readmission 
rates. The study found that patients treated 
with MT had a significantly shorter overall 
LOS and decreased incidence of 30-day read-
mission compared with conservative thera-
py. However, there was no significant differ-
ence in ICU LOS or in-hospital mortality rates. 
Notably, the study did not find a correlation 

Figure 2 (a) Helical computed tomography scan of the pulmonary arteries, demonstrating a large clot burden within the left pulmonary artery (black arrow). (b) 
Pulmonary angiogram revealing a large filling defect within the right lower lobar pulmonary artery (black oval). (c) Post mechanical thrombectomy pulmonary 
angiogram demonstrating. the complete opacification of the right lower lobar pulmonary artery. 

a b c
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between PESI classifications and LOS, ICU 
LOS, 30-day readmission rates, or in-hospital 
mortality rates for acute submassive PE.

Venous thromboembolism (VTE) is a 
major healthcare burden worldwide and 
is responsible for significant healthcare re-
source utilization. Acute PE is one of the 
most feared entities of VTE and is associated 
with increased patient mortality, long-term 
morbidity, and healthcare costs.15,16 Recently, 
Shalaby et al.15 queried the National Inpa-
tient Sample database and determined that 
patients with acute PE had an in-hospital 
charge of approximately US$ 30,000. Simi-
larly, PE is associated with decreased aerobic 
functional capacity in half the patients 1 year 
after their PE diagnosis and has a negative 
impact on quality of life.6,17 Current guide-
lines regarding the management of acute 
submassive PE recommend anticoagulation 
therapy with observation and/or the escala-
tion of care based on hemodynamic instabil-

ity.18 In addition to conservative therapy with 
anticoagulation, catheter-based thromboly-
sis has been shown to be efficacious but is 
associated with an increased risk of bleed-
ing.7,9,10 As a result, patients undergoing 
catheter-based thrombolysis require ICU ad-
mission for close monitoring, which can sub-
stantially increase healthcare costs. Addition-
ally, about 30% of patients with PE have an 
absolute or relative contraindication to sys-
temic or catheter-directed thrombolysis.18,19 
However, MT provides a unique opportunity 
to evacuate the PE with immediate patient 
benefits as a result of prompt reperfusion.14 
Consequently, the current study sought to 
compare the clinical benefits to patients of 
MT with conservative treatment with antico-
agulation therapy. 

A diagnosis of PE often increases the 
complexity of care, leading to an increase 
in LOS, and it can be a barrier to timely dis-
charge. Therefore, prompt diagnosis and the 

appropriate management of PE is crucial to 
ensure optimal patient outcomes in a timely 
manner. However, the appropriate manage-
ment for submassive PE in not well estab-
lished. The current study compared MT and 
conservative therapy for submassive PE and 
determined that patients undergoing MT 
for submassive PE had a significantly short-
er LOS compared with conservative therapy 
(5.4 vs. 7.8 days, P = 0.026). However, the cur-
rent study did not identify any difference in 
the length of ICU stay between the cohorts. 
Recently, Buckley and Wible13 compared 
patients with PESI classification 4 or 5 who 
underwent MT with those receiving conser-
vative therapy and found that patients who 
underwent MT had a shorter ICU LOS with 
no significant impact on overall LOS. This dis-
crepancy in findings regarding ICU stay may 
be because of the difference in institutional 
protocols following MT. In our institution, 
patients who are admitted to the ICU or a 

Table 1. Adjusted comparison of patient characteristics between mechanical thrombectomy and conservative therapy

Patient characteristics Mechanical thrombectomy, n = 41, (%) Conservative therapy, n = 82, (%) Adjusted P value

Age, years (SD) 58.58 ± 14.18 59.28 ± 16.24 0.762

Sex, male 16 (39) 47 (57.3) 0.066

Obesity 30 (73.2) 41 (50) 0.013*

Diabetes mellitus 9 (21.9) 26 (19.2) 0.259

Hypertension 15 (36.6) 48 (58.5) 0.024*

Congestive heart failure 4 (9.8) 6 (7.3) 0.644

Coronary artery disease 4 (9.8) 11 (13.4) 0.558

Chronic lung disease 3 (7.3) 16 (19.5) 0.081

Obstructive sleep apnea 6 (14.6) 14 (17.1) 0.731

History of cancer 11 (26.8) 19 (23.1) 0.659

Tobacco use 10 (24.4) 34 (41.5) 0.064

SARS-CoV-2 infection 5 (12.2) 3 (3.7) 0.071

Imaging and laboratory characteristics of submassive pulmonary embolism

RV:LV ratio 1.55 ± 0.39 1.51 ± 0.58 0.672

Main pulmonary artery distance, 
mm 32.73 ± 5.89 31.28 ± 4.61 0.168

Evidence of right heart strain in CT 
scan 39 (95.1) 70 (85.4) 0.113

Elevated troponin or BNP from 
baseline 41 (100) 59 (71.9) <0.001*

IVC filter placement during hospital 
stay 4 (9.8) 16 (19.5) 0.174

PESI category

PESI 1 5 (12.2) 11 (13.4) 0.842

PESI 2 5 (12.2) 10 (12.2) 1.000

PESI 3 9 (22) 15 (18.3) 0.631

PESI 4 9 (22) 13 (15.6) 0.412

PESI 5 13 (31.7) 33 (40.2) 0.363

*Signifies statistically significant finding; SD, standard deviation; SARS, severe acute respiratory syndrome; CoV-2, coronavirus 2; RV:LV, right ventricle to left ventricle ratio; CT, 
computed tomography; BNP, brain natriuretic peptide; PESI, pulmonary embolism severity index.
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step-down unit are readmitted to ICU care 
after the MT before the de-escalation of care 
is considered by the primary team.

With the transition from fee-for-service to 
bundled payments, there is increasing insti-
tutional pressure to reduce the risk of read-
missions in patients admitted for elective or 
urgent procedures. Readmission within 30 
days is often a major contributor to health-
care costs, and factors that can reduce the risk 
of short-term readmissions are being studied 
across many medical specialties. The diagno-
sis of VTE, especially PE, has been shown to 
dramatically increase the risk of increasing 
short-term readmission rates.20-22 In a Euro-
pean VTE registry, the readmission rate with-
in 1 year of VTE diagnosis was approximately 
25%.23 Similarly, Chen et al.24 determined 
that a perioperative diagnosis of PE follow-
ing major respiratory, cardiovascular, or mus-
culoskeletal surgery was associated with an 
increased risk of 30-day readmission com-
pared with a diagnosis of perioperative PE. 
Therefore, optimizing care for patients with 
PE is of paramount importance for improving 
patient outcomes and reducing readmission 
rates. In the current study, the management 
of acute submassive PE with MT was associ-
ated with lower readmission rates compared 
with conservative management alone. This 
is in contrast to the findings of Buckley and 
Wible13, who did not identify a significant 
difference in readmission rates between MT 
and conservative therapy cohorts. Finally, 
the present study did not find a statistically 
significant difference in in-hospital mortality 
rates between the two cohorts but identified 
a trend toward decreased risk of mortality 
in the MT cohort (P = 0.059). This finding is 
consistent with that of Buckley and Wible13, 
who demonstrated a significantly reduced 
mortality rate for patients that underwent 
MT compared with conservative therapy. 
Notably, however, the study conducted by 
Buckley and Wible13 did not match patients 
in the two cohorts, and a few patients in the 
conservative therapy cohort underwent sys-
temic or catheter-based thrombolysis, which 
adds heterogeneity to the data. 

There are several notable limitations to 
the present study that should be considered 
when interpreting the findings. Although the 
present study is the only moderately sized 
study with robust propensity score matching 
between cohorts, there likely exists variables 
that were not controlled for. Despite match-
ing, only a few variables were not equal be-
tween the two cohorts, such as elevated bio-
markers, which could impact the findings of 
our study. Additionally, due to the retrospec-
tive nature of the study, the findings are limit-
ed to shorter LOS and decreased readmission 
rates with MT compared with conservative 
therapy as opposed to establishing a cause-
and-effect relationship. The lack of mortality 
benefits with MT compared with conserva-
tive therapy may be because of the relatively 
small sample size. In addition, the study did 
not evaluate the time interval from PE diag-
nosis to when thrombectomy was performed, 
which might have affected the potential ben-
efits of MT for the inclusion of patients who 
presented early versus those who presented 
later for thrombectomy.

Finally, for the purposes of this study, a pro-
pensity score analysis was utilized to match 
patients in both cohorts by age and PESI clas-
sification, and independent statistical anal-
yses were utilized to compare differences in 
baseline characteristics and outcomes. There 
is a lack of consensus regarding the appro-
priate use of statistical analysis for estimating 
the treatment effect in propensity-matched 
groups. It has been suggested that outcomes 
can be directly compared between propensi-
ty-matched cohorts using independent statis-
tical analysis.25 Therefore, in the current study, 
a Pearson’s χ2 test and Student’s t-tests were 
performed to compare outcomes between 
propensity-matched MT and conservative 
therapy cohorts for submassive PEs.

In conclusion, MT for submassive PE can re-
duce total LOS and 30-day readmission rates 
compared with conservative therapy. Howev-
er, in this study, in-hospital mortality and ICU 
LOS were not significantly different between 
the two groups.
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PURPOSE
To retrospectively determine the diagnostic accuracy of a percutaneous core biopsy performed 
before cryoablation for small-sized renal cell carcinoma.

METHODS
In this study, 216 patients underwent a percutaneous core biopsy for 242 renal lesions suspected 
to be renal cell carcinoma on image findings before cryoablation at Kyushu University Hospital. 
We calculated the success rate of the histological diagnosis and investigated factors that may have 
contributed to the diagnostic success. Complications caused by the biopsy procedure were also 
evaluated.

RESULTS
The histological diagnosis was successful in 203 lesions (82.8%). The success rate of the histologi-
cal diagnosis was 65.4% (34/52 cases) for tumors with a diameter of ≤15 mm and 88.9% (169/190 
cases) for those >15 mm. Therefore, tumor diameter was a factor contributing to the histological 
diagnosis success rate in both univariate and multivariable analyses (P < 0.001). For lesions with a 
tumor diameter ≤15 mm, the histological diagnosis success rates increased from 50.0% to 76.2% 
in the presence of pre-lipiodol marking and to 85.7% when the biopsy procedure was performed 
separately from cryoablation; the latter was statistically significant (P = 0.039). Major complications 
that may have been caused by the biopsy procedure were grade 3 bleeding and tract seeding (one 
case each).

CONCLUSION
Percutaneous core biopsy in cryoablation for small-sized renal cell carcinoma had a high diagnostic 
rate and was safely performed. For lesions with a tumor diameter ≤15 mm, a separate biopsy proce-
dure and pre-lipiodol marking may improve the diagnostic accuracy.
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Cryoablation for renal cell carcinoma is a minimally invasive treatment that has become 
well established in recent years. Studies report that it provides a high degree of local 
control, preserves renal function comparable to surgical resection, and is suitable for el-

derly patients and patients with comorbidities or multiple lesions.1-3 With the development of 
diagnostic imaging equipment, the incidental detection of small-sized renal cell carcinoma is 
increasing,4,5 and cryoablation as a minimally invasive treatment for this small-diameter renal 
cell carcinoma is considered useful.

Prior to cryoablation for renal cell carcinoma, obtaining a histological diagnosis to clarify 
the medical evidence for the application of this technique is desirable. Most imaging diag-
noses are accurate but not complete, and benign lesions may be present, although not fre-
quently.6,7
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Percutaneous biopsy is necessary to ob-
tain a histological diagnosis, but biopsy is 
not always easy. The level of difficulty varies 
depending on the size and location of the le-
sion, and there is a risk of complications such 
as bleeding and seeding.8,9 In addition, the 
protocol for percutaneous biopsy in cryoab-
lation has not been fully established, such as 
when to perform the biopsy, whether to per-
form it at the same time as cryoablation or 
separately, and the relationship with lipiodol 
marking, which is widely performed in Japan 
before cryoablation to improve the visibility 
of the lesion in computed tomography (CT) 
fluoroscopic images.10,11

Therefore, the purpose of this study is to 
retrospectively evaluate the diagnostic ac-
curacy of percutaneous biopsy performed 
before cryoablation for renal cell carcinoma.

Methods
All the procedures performed in this 

study were in accordance with the ethical 
standards of the institutional and/or national 
research committee and with the 1964 Dec-
laration of Helsinki and its later amendments 
or comparable ethical standards. This study 
has obtained approval from the Institutional 
Review Board of Kyushu University Hospital 
(no: 21109-00), and the need for informed 
consent was waived.

Participants

At our institution, 258 renal lesions of 221 
patients were subjected to cryoablation be-
tween April 2014 and September 2019. All 
patients were given information about the 
indications for treatment by both our team 
and a urologist from our institution or else-
where before agreeing to the cryoablation 
treatment. Percutaneous biopsies for his-
tological diagnosis were performed on 216 
patients with 242 lesions, excluding those 
with multiple lesions or patients who refused 
biopsy. The patient demographic data and 
lesion characteristics are detailed in Table 1.

Flow of the procedure for biopsy, cryoabla-
tion, and lipiodol marking

This study had three different procedural 
flows. One hundred and twenty-eight lesions 
underwent biopsy and cryoablation in a sin-
gle session, and 68 lesions were subjected 
to lipiodol marking as a pretreatment and 
underwent biopsy and cryoablation in the 
same session the next day. In 48 cases, the 
biopsy was performed the day before, with 
cryoablation performed separately. In 37 of 
these cases, lipiodol marking was performed 
after the biopsy. These processes are summa-
rized in Figure 1.

Percutaneous core biopsy

All percutaneous biopsy procedures were 
performed under local anesthesia and CT 
fluoroscopy using an interventional radiolo-
gy (IVR)-CT system (Aquilion One, Canon, To-
kyo, Japan) while the patient was in a prone 
or oblique-prone position. An 18-gauge (G) 
core biopsy needle using a 17-G introducer 
(TEMNO evolution, Merit Medical, Tokyo, Ja-
pan) was inserted into the renal lesion, and 
the tissue was evaluated by an experienced 
histopathologist for histological diagnosis.

Cryoablation

All cryoablation procedures were per-
formed with the patient under local an-
esthesia and in a prone or oblique-prone 
position using the cryoablation (CryoHit, 
Galil Medical, MN, USA) and IVR-CT systems. 
Subsequently, 17-G cryoprobes (IceRod, Ice-
Seed, Galil Medical, MN, USA) were inserted 
into the tumors using CT fluoroscopy to sur-
round them. The tumors were frozen twice 
for 10 min by passing argon gas through 
the probes with a 5-min interval for thawing 

between the two 10-min freezing periods. 
Unenhanced CT was obtained to confirm the 
extension of the ablation area, the so-called 
“ice ball,” at least 5 mm beyond the tumor 
margin.

Transarterial lipiodol marking

Transarterial lipiodol marking was per-
formed before cryoablation to improve the 
contrast between the tumor and normal pa-
renchyma during the CT-guided procedure. 
Digital subtraction and CT angiography of 
the renal artery and branches were obtained 
to identify the tumor through a transfemoral 
approach using a 3–4F sheath (Super sheath, 
Medikit, Tokyo, Japan). Selective catheteriza-
tion of the tumor’s feeding artery, injection 
of lipiodol (Guerbet, Paris, France), and em-
bolization with a small gelatin sponge (Seres-
cue, Nihon Kayaku, Tokyo, Japan) were then 
performed. Unenhanced CT was obtained to 
confirm the deposition of lipiodol through-
out the tumor. 

Statistical analysis

First, the biopsy results and diagnostic 
success rate were evaluated. We considered 
those with a specific histological diagnosis, 
such as clear cell carcinoma, papillary renal 
carcinoma, angiomyolipoma, and oncocyto-
ma, to be diagnostic, whereas those with no 
malignant tissue or with atypical cells were 
considered non-diagnostic. Second, risk fac-
tors associated with histological diagnosis 
were analyzed. These included age, sex, tu-
mor size, tumor location, biopsy procedure, 
and pre-lipiodol marking. Continuous vari-
ables (e.g., age, tumor size) were compared 
between diagnostic and non-diagnostic 
groups using the Student’s t-test and cate-
gorical variables (e.g., sex, tumor size divided 

Main points

•	 Tumor diameter was a factor contributing to 
the diagnostic accuracy of a percutaneous 
core biopsy performed before cryoablation 
for small-sized renal cell carcinoma.

•	 A biopsy performed in a separate session 
from cryoablation elevated the histological 
diagnostic rate for tumors <15 mm.

•	 Pre-lipiodol marking also improved the his-
tological diagnostic rate of tumors <15 mm.

Table 1. Demographic data and lesion characteristics in all patients undergoing a 
percutaneous core biopsy for suspected renal cell carcinoma

Patient characteristics (n = 216)

Age, years, median (minimum–maximum) 71 (30–91)

Sex, n (%)

Male/female 160 (74.1)/56 (25.9)

Number of lesions, n (%)

1/2/3/4 195 (90.2)/17 (7.9)/3 (1.4)/1 (0.4)

Lesion characteristics (n = 242)

Size, mm, mean ± SD 
(minimum–maximum)

23.2 ± 7.98 (8–40)
≤15 (n = 52)/>15 (n = 190)

Location, n (%)

Exophytic/endophytic/hilum 122 (50.4)/103 (42.6)/17 (7.0)

Upper/middle/lower 71 (29.3)/111 (45.9)/60 (24.8)

Anterior/posterior/X 96 (39.7)/120 (49.6)/26 (10.7)

SD, standard deviation.
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into two groups with a 15 mm diameter, tu-
mor location, biopsy procedure, and pre-lipi-
odol marking) were compared using the chi-
square test. Significant differences identified 
by univariate analysis were then analyzed 
through multivariate analysis using logistic 
regression with forward selection. Variables 
assessed to be P < 0.10 in the univariate anal-
ysis were entered into a multivariable logistic 
regression analysis. A comparison of the di-
agnostic rates from the different procedures 
was performed for large and small tumor sizes 
using the chi-square test, with P < 0.05 con-
sidered a statistically significant difference. 
Complications were graded according to the 
Common Terminology Criteria for Adverse 
Events (version 5), published by the National 
Cancer Institution in 2017, and complications 
of grade 3 or higher were examined. All sta-
tistical analyses were performed using JMP 
Pro (version 14; SAS Institute). Descriptive 
statistics are presented as mean ± standard 
deviation and frequencies are presented as 
percentages.

Results
The results of the biopsy and diagnosis 

rate assessments are presented in Table 2. The 
most common type was clear cell carcinoma 
(179 cases), followed by papillary carcinoma 
(16 cases). A small number of benign lesions 
such as oncocytoma and angiomyolipoma 
were also identified. The overall diagnostic 
rate was 82.8%. In the analysis of risk factors 
involved in histological diagnosis, there was 
a significant difference in the diagnostic rates 
according to tumor size in the univariate 
analysis (P < 0.001). A significant difference in 
the diagnostic rate for tumor size ≤15 or >15 
mm (P < 0.001) was also detected. No signif-
icant difference was observed in tumor loca-
tion (exophytic/endophytic/hilum: P = 0.336; 
upper/middle/lower: P = 0.078; anterior/pos-
terior/X: P = 0.575) (Table 3). A multivariable 
analysis was performed on factors achieving 
P values < 0.1 in the univariate analysis, and 
in this analysis, a significant difference was 
observed for tumor size ≤15 and >15 mm (P 
< 0.001) (Table 4).

In the comparison of diagnostic rates ac-
cording to procedures, the diagnostic rate 
of the biopsy increased with the addition of 
pre-lipiodol marking compared with simul-
taneous biopsy and cryoablation; the diag-
nostic rates increased further by performing 
biopsy and cryoablation in separate sessions. 
This was more pronounced for tumors <15 
mm in diameter, for which the diagnostic 
rate was only 50% in cases where biopsy and 
cryoablation were performed simultaneous-
ly but increased to 76.2% when pre-lipiodol 
marking was performed; it increased signifi-
cantly to 85.7% when biopsy and cryoabla-
tion were performed in separate sessions (P 
= 0.039) (Figure 2).

The only grade 3 or higher complications 
were one case of hemorrhage and one of 
seeding of the puncture site.

Discussion
Percutaneous biopsy of renal tumors is 

a well-established technique that has been 
reported extensively.8,9,12 However, biopsy of 
small renal cell carcinoma, which is an indi-
cation for cryoablation, is often difficult be-
cause of tumor size and location. In addition, 
it is difficult to determine when to perform 
a biopsy in cryoablation, and this has not 
been established. Therefore, we investigated 
the diagnostic performance of percutaneous 
biopsy in the cryoablation of renal cell carci-
noma.

In the present study, the overall diagnos-
tic rate of biopsy was 82.8%, and the diag-
nostic rate was higher when cryoablation 
and biopsy were performed in separate ses-
sions than when they were performed simul-
taneously. Other authors have reported that 
the diagnostic rate of biopsy for renal masses 
is generally around 90%8,9,12,13 and that the 
diagnostic performance of radiofrequency 
ablation and biopsy for renal cell carcino-
ma is 68%.14 These suggest that performing 
a biopsy at the same time as cryoablation 
decreases the histological diagnostic perfor-
mance of the biopsy. The reason may be that 
when a biopsy is performed in the same ses-
sion as cryoablation, the priority is inevitably 
given to cryoablation as the treatment, and 
the biopsy and diagnosis are neglected. In 
addition, if a biopsy is performed with a cryo-
probe inserted into the lesion, the recogni-
tion and identification of the lesion may be 
inadequate because of the artifacts caused 
by the cryoprobes, thereby affecting the di-
agnostic performance of the biopsy.

The risk factor involved in the histolog-
ical diagnostic rate is tumor size. In this 

Figure 1. Flow of the procedure for biopsy, cryoablation, and lipiodol marking. *Lipiodol marking was 
performed immediately after the biopsy in 37 of the 48 cases. 

Table 2. Biopsy results and diagnostic rates

Biopsy results No of cases (%)

Diagnostic

Clear cell carcinoma 179 (74.0)

Papillary carcinoma 16 (6.6)

Chromophobe carcinoma 1 (0.4)

Metastatic carcinoma 1 (0.4)

Oncocytoma 4 (1.7)

Angiomyolipoma 2 (0.8)

Total 203 (82.8)

Non-diagnostic

No malignant tissue 25 (10.3)

Atypical cell 14 (5.8)

Total 39 (17.2)
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study, for tumors <15 mm in diameter, the 
diagnostic rate was 50% when the biopsy 
was performed at the same time as cryoab-
lation, increasing to 76.2% when lipiodol 
marking was performed the day before 
and further to 85.7 % when the biopsy and 
cryoablation were performed in separate 
sessions. This suggests that pre-lipiodol 
marking and separate sessions of biop-
sy and cryoablation may be useful for in-
creasing the histological diagnostic rate of 
lesions with small tumor sizes. Pre-lipiodol 
marking certainly increases the visibility of 
the lesion; in addition, performing cryoab-
lation and a biopsy in separate sessions im-
proves the operator’s concentration during 
each procedure (Figures 3, 4). In the pres-
ent study, pre-lipiodol marking followed 
by cryoablation and biopsy was not per-
formed in separate sessions, but it is highly 
likely that this would further increase the 
histological diagnostic rate.

In the present study, the location of the 
lesion did not affect the histological diagnos-
tic rate. Studies have reported that exophytic 
lesions have a high diagnostic rate15 and that 
lesions in the hilar region of the kidney also 
have a high diagnostic rate;16 thus, the effect 
of the location of the lesion on the histolog-
ical diagnostic rate of biopsy is uncertain. At 
this stage, there is no need to change the bi-
opsy procedure according to the location of 
the lesion.

Serious complications were not frequent, 
with one case of hemorrhage and one of 
seeding of the puncture site; these complica-
tions are similar to those previously reported 
in biopsy and cryoablation studies.1,2,9 Per-
cutaneous biopsies for renal lesions, includ-
ing cryoablation and lipiodol marking per-
formed concurrently or in separate sessions, 
seem to be well tolerated.

In the present study, the imaging modal-
ity used for the biopsy of renal lesions was 
CT. In other imaging modalities, ultrasound 
allows convenient biopsy from any angle, 
and magnetic resonance imaging provides 
better soft-tissue resolution and recognition 
of target lesions. However, the diagnostic 
rate of biopsies for renal lesions with these 
imaging modalities is comparable to that of 
CT usage in this study, and the incidence of 
complications is low with each modality.12,17 
Therefore, many options for imaging modal-
ities for renal biopsy are available, and the 
physician should select an imaging modali-
ty based on the facility’s equipment and the 
concurrent treatment, such as image-guided 
cryoablation.

Table 3. Univariate analysis of the risk factors associated with histological diagnosis

Factor Diagnostic
(n = 203)

Non-diagnostic
(n = 39)

P value

Age, years Mean ± SD 69.9 ± 11.9 67.1 ± 15.1 0.101

Sex, n (%) Male/female 135/51
(82.1/91.1)

29/5
(17.9/8.9) 0.212

Size, mm Mean ± SD 24.0 ± 7.75 19.0 ± 7.98 <0.001

n (%)
>15 mm 169 (88.9) 21 (11.1) <0.001

≤15 mm 34 (65.4) 18 (34.6)

Location, n (%)

Exophytic/endophytic/hilum 99/88/16
(81.1/79.3/94.1)

23/15/1
(18.9/20.7/5.9) 0.336

Upper/middle/lower 60/98/45
(84.5/88.3/75.0)

11/13/15
(15.5/11.7/25.0) 0.078

Anterior/posterior/X 82/101/20
(85.4/87.8/76.9)

14/19/6
(14.6/12.1/23.1) 0.575

Biopsy procedure, 
n (%) Simultaneous/separate 161/42

(82.1/91.3)
35/4
(17.9/8.7) 0.128

Pre-lipiodol 
marking, n (%) +/− 59/144

(86.8/82.8)
9/30
(13.2/17.2) 0.446

SD, standard deviation.

Table 4. Multivariable logistic analysis of the risk factors associated with histological 
diagnosis

Factor   Odds ratio 95% Confidence 
interval

P value

Size ≤15 mm/>15 mm (reference) 4.04 1.92, 8.50 <0.001 

Location Upper/middle/lower (reference) 0.70
0.45

0.28, 1.73
0.19, 1.10 0.192

Factors with P values <0.1 in the univariate analysis (Table 3) were extracted and subjected to multivariable logistic 
analysis. P value of the entire logistic model was <0.001. McFaden R-squared was 0.121.

Figure 2. Comparison of the diagnostic rates of the biopsies between procedures by tumor size. (a) The 
diagnostic rate of the biopsy for the tumors with a diameter ≤15 mm increased from 50.0% to 76.2% in the 
presence of pre-lipiodol-marking and to 85.7% with a biopsy procedure performed separately from the 
cryoablation, with the latter being statistically significant (P < 0.05, chi-square test). There was a similar but 
not statistically significant difference in the diagnostic rates for tumors >15 mm (b) and all tumors (c). Lip, 
pre-lipiodol marking.
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Limitations include the fact that the study 
was not randomized, that some complica-
tions were not strictly distinguishable in 
biopsy or cryoablation, and that non-neo-
plastic lesions may be considered undiag-
nosed. For tumors <15 mm, the histological 
diagnostic rate was higher in patients with 
separate sessions or pre-lipiodol marking. A 
future study is needed because both sepa-
rate sessions and pre-lipiodol marking may 
increase the success rate of histological di-
agnosis.

In conclusion, for renal lesions with small 
tumor diameters, a biopsy performed in a 
separate session from cryoablation and us-
ing pre-lipiodol marking may improve the 
histological diagnostic rate.
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Figure 3. Simultaneous computed tomography (CT)-guided biopsy and cryoablation of renal cell 
carcinoma in a 76-year-old woman in the presence of lipiodol deposition. (a) Contrast-enhanced CT showed 
an endophytic lesion with an 11 mm diameter in the central part of the right kidney (arrow). (b) Lipiodol was 
deposited into the lesion (arrow) using a transarterial approach the day before to improve the visibility of 
the lesion. (c) Biopsy and cryoablation using a cryoprobe (arrow) were performed on the lipiodol-deposited 
tumor (arrowhead) in the same session the next day. The histological diagnosis was clear cell carcinoma with 
no severe complications during or after the procedure.

Figure 4. Computed tomography-guided biopsy separated from cryoablation of renal cell carcinoma 
in a 76-year-old man. (a) T2-weighted magnetic resonance image revealed an endophytic lesion with a 
diameter of 15 mm in the left central kidney that was suspected to be renal cell carcinoma (arrow). (b) A 
biopsy was performed using a biopsy needle (arrow), followed by lipiodol marking using a transarterial 
approach the day before cryoablation. (c) Cryoablation was performed using cryoprobes (arrow) the next 
day. The histological diagnosis was clear cell carcinoma. A perirenal hematoma (grade 1) was observed   
(b, asterisk), but no severe complications were detected during or after the procedures.
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PURPOSE
To evaluate the efficacy of combination therapy using transarterial chemoembolization with mi-
crowave ablation (MWA) therapy vs. MWA monotherapy for hepatocellular carcinomas (HCCs) >3 
cm in size. 

METHODS
This two-arm retrospective observational study included patients with HCCs >3 cm who underwent 
either combination therapy (29 patients) or MWA monotherapy (35 patients) between 2014 and 
2020. The treatment outcomes related to primary treatment efficacy, local tumor progression  (LTP), 
tumor control rate,  and overall survival were compared between each cohort. 

RESULTS
The technical success and primary efficacy were 96.56% and 100.00% in the combination therapy 
cohort, and 91.42% and 100.00% in the MWA cohort, respectively, over a mean follow-up period of 
27.6 months. The 1- and 3-year rates of LTP-free survival were 78.57% and 69.56% in the combina-
tion therapy cohort, vs. 72.45% and 35.44% in the MWA cohort, respectively (P = 0.001). The overall 
progression-free survival was longer in the combination therapy cohort compared with the MWA 
cohort (median: 56.0 vs. 13.0 months; P = 0.017). With the incorporation of additional locoregional 
therapy, the overall survival rates were not significantly different, with 1- and 3-year overall survival 
rates of 100.00% and 88.71% in the combination therapy cohort and rates of 90.15% and 82.76% in 
the MWA cohort, respectively (P = 0.235).

CONCLUSION
The combination therapy provided significantly longer upfront LTP-free survival in HCCs >3 cm 
when compared with the MWA treatment alone, albeit with similar local tumor control and overall 
survival rates when accounting for additional locoregional therapies. 

KEYWORDS
Combination therapy, hepatocellular carcinoma, liver, transarterial chemoembolization, tumor ab-
lation, combined therapy, comparative study

Hepatocellular carcinoma (HCC) is the most common form of primary liver cancer 
worldwide and continues to rise in incidence in the United States due to non-alcohol-
ic steatohepatitis.1 The Barcelona Clinic Liver Cancer (BCLC) staging system provides 

a framework for addressing the treatment of HCC based on liver function, tumor burden, 
macrovascular invasion, extrahepatic spread, and performance status.2 For very early and 
early-stage HCC, surgery and thermal ablation are utilized with curative intent. Thermal ab-
lation techniques have improved over the past 20 years to become the standard of care for 
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the treatment of unresectable HCCs <3 cm in 
diameter, with efficacy and survival rates ap-
proaching that of surgical resection at cen-
ters of excellence.3 

Microwave ablation (MWA) has supplant-
ed traditional radiofrequency ablation (RFA) 
as the preferred thermal ablation modality 
for HCC due to its ability to create larger and 
more homogeneous ablation zones with less 
heat-sink effects compared with RFA.4 These 
heating advantages have led to its rapid 
adoption for HCC treatments, especially for 
HCC lesions >3 cm in diameter. The use of 
the latest generation MWA devices, includ-
ing high-powered gas-cooled MWA devices, 
while the integration of multiple antennas si-
multaneously enables the safe and effective 
treatment of HCCs of up to 5 cm in diameter, 
with a treatment efficacy approaching that 
achieved with smaller HCCs.5

There has also been interest in exploit-
ing the dual synergy between transarterial 
chemoembolization (TACE) therapy in con-
junction with MWA to treat large tumors 
more effectively. First, TACE decreases the 
arterial blood flow to HCC lesions, mitigat-
ing the heat-sink effects and amplifying the 
heating capabilities of MWA, leading to larg-
er ablation zones.6 Second, TACE also delivers 
cytotoxic drugs to segmental or subsegmen-
tal regions of the tumor-bearing liver, there-
by treating imaging-occult, microscopic 
satellite HCCs that are associated with larger 
HCC lesions.7 These dual synergies (combina-
tion therapy) of TACE and MWA have led to 
overall improved primary efficacy and pro-
gression-free survival in larger tumor cases 
when compared with monotherapy TACE.8 
However, this treatment strategy requires 
two interventional procedures to be deliv-
ered upfront instead of one. 

While combination therapy and MWA 
monotherapy have both demonstrated effi-
cacy in treating large solitary tumors, there 
have been limited studies comparing the two 
treatment strategies.9-11 The present study 
aimed to evaluate the efficacy of TACE–MWA 
combination therapy vs. MWA monotherapy 
in patients with HCCs >3 cm in size.

Methods
This two-arm retrospective observational 

study was approved by the Ronald Reagan 
UCLA Medical Center Institutional Review 
Board, and the need for patient consent was 
waived (UCLA IRB, IRB#19-001363; approved 
9/6/2019). The study comprised patients 
with HCC lesions >3 cm with Childs–Pugh 
A/B liver function who underwent MWA or 
combination therapy between 2014 and 
2020 at a single, high-volume tertiary medi-
cal center. All patients with vascular invasion 
or portal vein thrombosis, inadequate fol-
low-up imaging, or prior treatment (includ-
ing liver transplant) were excluded (Figure 
1). The HCC was confirmed using multipha-
sic computed tomography (CT) or magnetic 
resonance imaging (MRI) criteria and was 
stratified according to the Liver Reporting 
and Data System classification method with-
in 90 days of treatment. The patients were 
presented to a multidisciplinary board with 
recommendations for locoregional therapy 
for curative intent or a bridge to transplant. 

Combination transarterial chemoemboli-
zation–microwave ablation procedure

The TACE procedures were performed 
by two board-certified interventional ra-
diologists (J.P.M., F.H.) with 3–12 years of 
experience in intra-arterial therapies. The 
procedures were performed under moder-
ate sedation in an angiography suite with 
cone-beam CT capabilities. Arterial access 
was obtained via ultrasound-guided femo-
ral or radial arterial puncture. Visceral and 
hepatic angiography was performed, with 
most treatments delivered superselectively. 
Once an appropriate catheter position was 
obtained, TACE was performed. Drug-eluting 
beads (DEBs) were utilized in 19 (65.52%) of 
the cases, with a mean dose of 58.67 ± 23.34 
mg of doxorubicin incubated on either 100–
300 µm low-compression beads (LC BeadTM, 
Boston Scientific, USA) (n = 12) or 75 µm on-
cozene beads (Varian Medical Systems, USA) 
(n = 5), or a combination of 75 µm oncozene 
with 300–500 µm LC beads (n = 2), and ad-
ministered under fluoroscopic guidance un-
til stasis in the tumor-bearing branches was 
achieved. Depending on user preference, in 

some cases, additional bland embolic mate-
rial, such as Gelfoam® (n = 3) or 100–300 µm 
embospheres (Merit Medical Systems, USA) 
(n = 5) were administered after DEBs were 
delivered. 

Conventional TACE was performed in 10 
(34.48%) cases, using a mean dose of 30.80 
± 15.25 doxorubicin mixed with lipiodol 
(Guerbet, LLC, USA) in a 1:2 ratio, and was ad-
ministered under fluoroscopic guidance un-
til stasis in the tumor-bearing branches was 
achieved. Additional bland embolization was 
administered in some cases, which included 
gelfoam (n = 3), 100–300 µm embospheres 
(n = 1), and 40–120 µm embospheres (n = 1). 
Within 4 weeks (14 ± 7 days) after the TACE 
procedure, MWA was performed using the 
protocol described above.

Microwave ablation procedure

Percutaneous MWA in an outpatient 
setting was performed by one of four inter-
ventional radiologists (D.S.K.L, S.R.R., J.P.M, 
F.H.) with 3–27 years of experience with liver 
tumor ablation using combined ultrasound 
and CT guidance. All patients underwent 
monitored or general anesthesia, adminis-
tered by an anesthesiologist. For all includ-
ed cases, a 2.45 GHz MWA device (Neuwave 
Medical, USA) was used. The number of an-
tennas, ablation stations, and the ablation 
power and time were determined by the 
attending physician with the goal of a 5 mm 
minimum ablation margin (Table 1). Hydro-
dissection was utilized for subcapsular tumor 
locations when needed to minimize the risk 
to adjacent sensitive organs such as the dia-
phragm or bowel. 

Assessment of treatment response 

The standard imaging protocol includ-
ed contrast-enhanced CT at the conclusion 
of the procedure, or same-day MRI prior to 
discharge. In some cases, post-ablation MRI 
was performed in an outpatient capacity in 
the days following the ablation. Surveillance 
imaging was performed at 1, 3, 6, 9, and 12 
months after ablation and every 3–6 months 
thereafter. The definitions of treatment re-
sponse were based on the Society of Inter-
ventional Radiology (SIR) Standardization of 
Terminology and Reporting.12 Technical suc-
cess was defined as complete tumor cover-
age by the ablation zone on the first post-ab-
lation multiphasic contrast-enhanced CT or 
MRI. An ablation treatment course was de-
fined as all ablation sessions performed per 
nodule based on surveillance imaging for up 
to 3 months. Primary technique efficacy was 

Main points

•	 The combination transarterial chemoembo-
lization–microwave ablation (MWA) therapy 
provided significantly longer overall pro-
gression-free survival compared with MWA 
monotherapy alone (56 vs. 13 months, P = 
0.017) in hepatocellular carcinomas >3 cm. 

•	 The local tumor control rates, which incor-
porated additional locoregional therapies 
based on a strict follow-up protocol, were 
not significantly different between the 
treatment cohorts. However, the combina-
tion therapy still required, on average, sig-
nificantly more interventional sessions to 
achieve the equivalent local tumor control. 

•	 The overall survival rates were not signifi-
cantly different between the combination 
therapy and MWA monotherapy cohorts. 
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defined as no evidence of residual tumor at 
the ablation site at the conclusion of the in-
itial ablation treatment course. Local tumor 
progression (LTP) could be re-treated with 

ablative therapy for continued local tumor 
control and the patient would still be con-
sidered locally disease-free.5 Adverse events 
were determined according to the clinical 

symptoms, imaging results, and laboratory 
evaluations after treatment and stratified ac-
cording to SIR standard classification.13

The median follow-up period was 14 
months [interquartile range (IQR): 9.50–19.25 
months] in the combination therapy cohort 
and 18 months (IQR: 11.50–29.50 months) in 
the MWA cohort. The primary endpoints of 
this study were overall survival and primary 
technique efficacy. The secondary endpoints 
included local tumor control rate and safety. 

Statistical analysis 

The follow-up period ended at the time 
of death, liver transplantation, or the final 
clinical follow-up evaluation. The differences 
among the treatment groups were analyzed 
using a t-test for normally distributed varia-
bles (confirmed by a Kolmogorov–Smirnov 
test) or a Mann–Whitney U test for non-nor-
mally distributed continuous variables. Fish-
er’s exact test or the Fisher–Freeman–Halton 
exact test, as well as Pearson’s chi-squared 
test, were performed for all categorical varia-
bles. The descriptive statistics were described 
as mean ± standard deviation for normally 
distributed numeric variables and as median 
(IQR) for non-normally distributed numeric 
variables. The descriptive term, n (%), was 
used for all categorical variables. Kaplan–
Meier analysis using the Fleming–Harring-
ton test was utilized to identify differences 
in survival times.14 The Fleming–Harrington 
test was selected rather than the traditional 
log-rank test since the survival curves over-
lapped on the later follow-up studies, and 
our intention was to highlight the longer-
term effects of the interventions.15,16 The 
follow-up time for the Kaplan–Meier curves 
was reported as mean ± standard error of the 
mean, as well as the median when available. 
For the LTP analysis, the patients were cen-
sored at the time of death, liver transplant, or 
loss to follow-up. Fisher’s exact test was used 
to compare the local tumor control rates 
and primary technique efficacy. A P value 
of <0.050 was considered statistically signif-
icant. The entire statistical analysis was per-
formed using GraphPad Prism v.9 (GraphPad 
Software Inc.) and Stata Statistical Software 
v.15 (StataCorp LLC).

Results 

Baseline patient characteristics

The overall study group comprised 29 
patients (23 men, 6 women) in the combina-
tion therapy group and 35 (29 men, 6 wom-
en) in the MWA group. The tumor diameter 
in the combination and MWA cohorts was 
4.18 ± 0.85 and 3.69 ± 0.62 cm (P = 0.009), 

Table 1. Patient and tumor characteristics

Characteristics MWA
(n = 35)

TACE + MWA
(n = 29)

P value

Age (year) 67.26 ± 8.86 65.13 ± 9.19 0.443

Male sex, % 29 (82.86) 23 (79.31) 0.717

BMI (kg/m3) 27.35 ± 6.67 27.83 ± 5.74 0.586

ECOG performance status, % 0.624

0 19 (54.28) 20 (68.97)

1 12 (34.29) 8 (27.59)

2 3 (8.57) 1 (3.45)

3 1 (2.86) 0 (0.00)

Child–Pugh class, % 0.835

A 27 (77.14) 23 (79.31)

B 8 (22.86) 6 (20/69)

Etiology of liver disease, %

HBV 13 (37.14) 2 (6.90) 0.005

HCV 11 (31.43) 17 (58.62) 0.029

Alcohol 2 (5.71) 4 (13.79) 0.397

NASH 3 (8.57) 2 (6.90) 1.000

PSC 0 (0.00) 1 (3.45) 0.453

HCV/Alcohol 4 (11.43) 2 (6.90) 0.681

HCV/NASH 2 (5.71) 0 (0.00) 0.497

Other 0 (0.00) 1 (3.45) 0.453

Multifocal, % 10 (28.57) 6 (20.69) 0.469

AFP (ng/mL) 13.60 (4.55–50.25) 11.70 (4.60–159.88) 0.852

Tumor size (cm) 3.69 ± 0.62 4.18 ± 0.85 0.009

Tumor lobe, % 0.717

Left 6 (17.14) 6 (20.69)

Right 29 (82.86) 23 (79.31)

Well-circumscribed margin, % 23 (65.71) 19 (65.52) 0.987

Subcapsular location, % 29 (82.86) 19 (65.52) 0.111

Peribiliary location, % 4 (11.43) 10 (34.48) 0.026

Perivascular location, % 10 (28.57) 18 (62.07) 0.007

Organ at risk, %

Heart 0 (0.00) 3 (10.34) 0.088

Esophagus 1 (2.86) 0 (0.00) 1.000

Stomach 1 (2.86) 1 (3.45) 1.000

Diaphragm 13 (37.14) 8 (27.59) 0.418

Gallbladder/bile duct 0 (0.00) 1 (3.45) 0.453

Colon 4 (11.43) 1 (3.45) 0.366

Adrenal/kidney 2 (5.71) 2 (6.90) 1.000

Varix 0 (0.00) 1 (3.45) 0.453

Demographic and baseline clinical characteristics of the study groups. Continuous variables with normal 
distribution were expressed as mean ± standard deviation; those with non-normal distributions were expressed 
as median (interquartile range). BMI, body mass index; HBV, hepatitis B; HCV, hepatitis C; ECOG, Eastern 
Cooperative Oncology Group; MWA, microwave ablation; NASH, non-alcoholic steatohepatitis; TACE, transarterial 
chemoembolization; PSC, primary sclerosing cholangitis; AFP: alpha fetal protein.
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respectively, with a higher proportion of 
HCC lesions in the combination cohort being 
perivascular (62.07% vs. 28.57%; P = 0.007) 
in location. There were significantly more 
patients with hepatitis C in the combination 
therapy group (58.62% vs. 31.43%; P = 0.029), 
while there were significantly more patients 
with hepatitis B in the MWA group (37.14% 
vs. 6.90%, P = 0.005). The patient demo-
graphics, underlying causes of HCC, and tu-
mor characteristics are presented in Table 1. 

Technical success and primary technique 
efficacy rate

In the 29-patient combination therapy 
cohort, one patient (3.45%) presented with 
imaging-based residual disease within 3 
months post-therapy, resulting in a technical 
success rate of (28) 96.55%. After retreatment 
with MWA, there were no additional patients 
with residual diseases at the 3 month time 
point, resulting in a primary technical effica-
cy rate of (29) 100.00%. 

In the 35-patient MWA therapy cohort, 
three patients (8.57%) presented with an im-
aging-based residual disease following abla-
tion within 3 months, resulting in a technical 
success rate of (32) 91.43%. After successful 
retreatment with MWA, there was no demon-
strable residual disease at the 3-month time 
point, resulting in a primary technique effi-
cacy of (35) 100.00%. Ablation parameters in 
each cohort are shown in Table 2.

Local tumor progression and local tumor 
control rate

The overall rate of LTP was significantly 
lower in the combination therapy cohort (8%, 
27.59%) compared with the MWA therapy 
cohort (19%, 54.29%) (P = 0.031). The 1- and 
3-year LTP-free survival rates were 78.57% 
and 69.56% in the combination therapy 
cohort and 72.45% and 35.44% in the MWA 
therapy cohort. Compared with the MWA 
cohort, the combination therapy cohort 
had significantly longer LTP-free survival 
times according to Kaplan–Meier analysis 
[47.75 ± 5.44 (median not reached) vs. 22.82 
± 3.13 months (median: 13.00 months); P = 
0.001] (Figure 2). In the combination therapy 
cohort, the LTP in six tumors was successfully 
re-treated via MWA, leading to a local tumor 
control rate of (27) 93.10%. The other two 
patients were treated palliatively with 
systemic therapies. In the MWA cohort, the 
LTP in 15 tumors was successfully re-treated 
via additional MWA, yielding a local tumor 
control rate of (31) 88.57%. Overall, there was 

Figure 1. Comparative flow chart showing the participant selection and exclusion criteria. MWA, microwave 
ablation; HCC, hepatocellular carcinoma.

Figure 2. Local tumor progression (LTP)-free survival in the patient groups over 5 years. Significantly longer 
LTP-free survival was demonstrated (Fleming–Harrington test) in the combination therapy group compared 
with the microwave ablation-only group (P = 0.001). MWA, microwave ablation.

Table 2. Ablation parameters

Parameter MWA (n = 35) TACE+MWA (n = 29) P value

MWA

No. ablation positions 1.00 (1.00–2.00) 2.00 (1.00–2.00) 0.307

No. probes 2.14 ± 0.47 2.05 ± 0.52 0.303

Duration (min) 11.57 ± 6.10 11.75 ± 5.74 0.867

Energy (W) 70.06 ± 11.87 68.06 ± 8.93 0.541

Technical success, % 32 (91.43) 28 (96.55) 0.620

Ablation parameters in the monotherapy microwave ablation and combination therapy group. Continuous variables 
with normal distribution were expressed as mean ± standard deviation; those with non-normal distributions were 
expressed as median (interquartile range). Technical success for MWA was defined as complete tumor coverage by 
ablation zone on the first follow-up imaging performed within 1 month after ablation. MWA, microwave ablation; 
TACE, transarterial chemoembolization.
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no significant difference in the combination 
cohort compared with the MWA cohort in 
terms of local tumor control rate [58.02 ± 5.98 
(median not reached) vs. 62.33 ± 5.98 months 
(median: 72.00 months);  P = 0.377] (Figure 3). 
The remaining patients were not retreated 
due to medical comorbidities or were treated 
palliatively with TACE, radioembolization, or 
systemic therapies. A summary of the follow-
up time, rate of tumor progression, rate of 
transplant, and additional therapies are 
presented in Table 3. 

Extra-segmental progression and overall 
progression-free survival

The rate of extra-segmental progression 
over the study period was significantly low-
er in the combination therapy cohort than 
in the MWA therapy cohort (8%, 27.58% vs. 
20%, 57.14%; P = 0.018). There was also a 
smaller rate for extrahepatic metastasis in 
the combination therapy group (2%, 6.90% 
vs. 6%, 17.14%; P = 0.275), albeit not signifi-
cantly so. The 1- and 3-year rates of total tu-
mor progression-free survival were 68.28% 

and 51.21% for the combination therapy 
cohort and 68.57% and 11.15% for the MWA 
therapy cohort. The overall progression-free 
survival was observably longer in the combi-
nation therapy cohort than in the MWA co-
hort [33.35 ± 5.57 (median: 56.00 months) vs. 
14.11 ± 1.65 months (median: 13.00 months)] 
according to the Kaplan–Meier analysis (P = 
0.017) (Figure 4). 

Overall survival and transplant rates 

Within the follow-up period, three pa-
tients in the combination therapy group and 
four in the MWA therapy cohort died. Six of 
the seven patients died from HCC progres-
sion, and one patient in the MWA cohort died 
from renal failure. The 1- and 3-year overall 
survival rates were 100.00% and 88.71% in 
the combination therapy cohort, and 90.15% 
and 82.76% in the MWA therapy cohort, with 
an overall survival of 58.24 ± 4.15 months 
(median not reached) and 61.21 ± 5.02 
months (median not reached), respectively 
(P = 0.235) (Figure 5). 

Total number of treatment sessions

Overall, additional locoregional therapies 
were performed more frequently for the 
MWA monotherapy patients compared with 
the combination therapy group to achieve 
the aforementioned local tumor control 
and overall survival rates (Table 3). However, 
considering that the combination therapy 
comprised two interventional procedures 
upfront, the median number of procedures 
per patient over the lifetime of the patient’s 
treatment was 1.00 (1.00–2.00) in the mon-
otherapy group and 2.00 (2.00–2.50) in the 
combination therapy group (P < 0.001).

Adverse events

There was one severe adverse event (AE) 
in the combination therapy cohort, which 
was an unexpected elevation in serum bil-
irubin due to biliary stricture following the 
ablation procedure. This stricture required 
the placement of an external biliary drain 
for decompression, which was subsequent-
ly converted to an internal–external biliary 
drain.17 There were also two moderate AEs 
among the patients in the combination ther-
apy cohort, including one patient who devel-
oped hepatic encephalopathy requiring the 
initiation of lactulose and another who had 
slight asymptomatic intracapsular bleeding 
during placement of the microwave anten-
na, which was resolved with subsequent 
thermal coagulation using the MWA probe. 
To minimize the risk of infection, the hemat-
oma was aspirated with an 8 French pigtail 

Figure 3. Local tumor control rate in the patient groups, which included additional locoregional therapy, 
over 5 years. There was an equivalent local tumor control rate (Fleming–Harrington test) in the combination 
therapy group compared with the MWA-only group (P = 0.377). MWA, microwave ablation.

Table 3. Follow-up and disease progression

MWA
(n = 35)

TACE+MWA
(n = 29)

P value

Follow-up time (months) 14 (9.50–19.25) 18 (11.50–29.50) 0.295

Disease progression, %

Local recurrence 19 (54.43) 8 (27.59) 0.031

Extra-segmental progression 20 (57.14) 8 (27.59) 0.018

Extrahepatic metastases 6 (17.14) 2 (6.90) 0.275

Transplant, % 6 (17.14) 6 (20.69) 0.717

Death, % 4 (11.43) 3 (10.34) 1.000

Additional locoregional therapies to achieve local control, %

MWA 16 (45.71) 6 (20.69) 0.036

TACE 5 (14.29) 0 (0.00) 0.058

Y-90 3 (8.57) 0 (0.00) 0.243

Systemic therapy, % 3(8.57) 3 (10.34) 1.000

Total number of locoregional therapies per patient 
to achieve local control 1.00 (1.00–2.00) 2.00 (2.00–2.50) <0.001

Clinical follow-up from monotherapy microwave ablation and combination therapy group. Continuous variables 
with non-normal distributions were expressed as median (interquartile range). Additional locoregional therapies 
include those performed as part of the initial course of ablation therapy. The total number of locoregional therapies 
includes every interventional procedure over the lifetime of the patient’s treatment for HCC. MWA, microwave 
ablation; TACE, transarterial chemoembolization; Y-90, Yttrium-90. 
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drain and the drain was removed at the end 
of the treatment without further sequelae. 
There were two mild AEs in the MWA cohort, 
both of which were asymptomatic hepatic 
dysfunction based on abnormal laboratory 
values. Both patients were followed closely, 
and their hepatic dysfunction was resolved 
without any further therapy. The rate of fever 
was (12) 41.38% and (3) 8.57% (P = 0.003) in 
the combination and MWA therapy cohorts, 
respectively, but without significant differ-
ences in the rates of post-procedural ab-
dominal pain, chest pain, nausea/vomiting, 
fatigue, or confusion (Table 4). 

Discussion
This study demonstrated that combina-

tion therapy is associated with significantly 
longer initial LTP-free and total progres-
sion-free survival rates compared with MWA 
therapy alone for HCC lesions >3 cm, while 
the overall survival rates at 5 years and the 
progression to liver transplantation rates 
were similar. The local tumor control rates, 
which incorporated additional locoregional 
therapies, based on a strict follow-up pro-
tocol, were not significantly different be-
tween the treatment cohorts. However, on 

average, the combination therapy required 
significantly more interventional sessions to 
achieve the equivalent local tumor control 
rate. 

The efficacy of combination therapy 
compared with ablation monotherapy re-
mains under active investigation. While pri-
or studies have focused more on comparing 
combination therapy with RFA, more recent 
research evaluated the utility of MWA, with 
most outcomes supporting combination 
therapy over MWA alone. Recently, a rand-
omized controlled three-arm trial compared 
the efficacy of MWA with TACE and combina-
tion therapy for HCCs of 3–5 cm in size. The 
trial results indicated that combination ther-
apy achieved a complete response in 86.5% 
of the patients, while monotherapy using 
TACE achieved a complete response in 54.8% 
and MWA in 56.5%. The recurrence rate after 
1 year was significantly lower in the combi-
nation group (22.5%) compared with the 
MWA-only (51.1%) and TACE-only (60.7%) 
groups. There was also a significantly higher 
rate of median survival in the combination 
group than in the TACE and MWA groups (24 
months vs. 19 and 21 months, respectively).9 
Another single-center retrospective study 
looked at propensity-matched BCLC stage 
B patients with HCC who had undergone 
either combination therapy or TACE mon-
otherapy for tumors <7 cm.10 In the above 
study, the combination therapy significantly 
improved progression-free survival and over-
all survival compared with TACE only, with 
the former returning a tumor control rate of 
74.0% and 47.8% at 6 months and 1 year and 
the latter returning rates of 55.5% and 37.3%. 
The median survival time of the combination 
therapy cohort was 18.5 months compared 
with 14.8 months in the TACE monotherapy 
cohort. Similarly, in a study of 3–5-cm HCCs, 
Smolock et al.18 reported that TACE–MWA 
combination therapy was associated with a 
lower rate of LTP compared with TACE mon-
otherapy (34.8% vs. 62.5%) and longer me-
dian progression-free survival (22.3 vs. 4.2 
months). Conversely, a recent retrospective 
study with propensity matching did not re-
port any therapeutic superiority in combina-
tion vs. MWA therapy for 150 patients in BCLC 
stage B with a mean tumor diameter >6 cm.11 
However, a sub-cohort analysis of the above 
study found that tumor number and size 
were independent risk factors for long-term 
outcomes, with better LTP and survival rates 
indicated for combination therapy in tumors 
>7 cm. 

The improved efficacy of combination 
therapy may be related to the dual syner-

Figure 4. Overall progression-free survival in the patient groups over 5 years. The Fleming–Harrington test 
indicated longer overall progression-free survival in the combination therapy group compared with the 
MWA-only group (P = 0.017). MWA, microwave ablation.

Figure 5. Overall survival over 5 years. The Fleming–Harrington test indicated an equivalent survival rate in 
the combination therapy group compared with the MWA-only group (P = 0.235). MWA, microwave ablation.
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gistic effect of TACE and MWA. In this study, 
TACE preceded MWA by an average of 14 
days. The TACE procedure is known to have 
an embolic effect on the tumor microvas-
culature of HCCs, decreasing the blood flow 
to minimize the heat-sink effect and result-
ing in larger, more homogeneous ablation 
zones.19-21 However, if too much time elaps-
es after embolization, as a growing body of 
literature suggests, the region may become 
hypoxic, potentially imparting pro-tumori-
genic pathways.22 Thus, the amount of time 
that elapses between TACE and ablation is 
important for maximizing the therapeutic 
response, although there is only limited ev-
idence supporting an optimal timepoint.23 
The intra-arterial nature of TACE also allows 
therapeutic agents to be delivered to an 
entire liver segment or sub-segment, po-
tentially treating imaging-occult satellite le-
sions surrounding an index tumor that may 
be located outside of the tumor capsule.7 
While the primary technical efficacy rate of 
MWA monotherapy may be compromised 
by the presence of nearby satellite lesions, 
combination therapy with prior TACE could 
effectively treat microscopic diseases, maxi-
mize MWA efficacy, and minimize the risk of 
incomplete treatment. 

There are aspects of this study that may 
limit the comparisons and generalizability 
to a broader patient population. First, the 
MWA cohort had a smaller mean tumor size 
than the combination therapy cohort. Larg-
er tumors may be more resistant to locore-
gional therapy and are generally associated 
with higher rates of tumor progression and 
poorer overall survival rates. Second, there 
was a heterogenous institutional protocol 
for embolization, with most patients receiv-
ing DEB–TACE, but a non-negligible number 

of patients receiving conventional TACE. 
Furthermore, there were significantly higher 
proportions of patients with hepatitis B in 
the MWA-only group and hepatitis C in the 
combination therapy group, which may have 
confounded the study endpoints. The base-
line patient population in each study cohort 
was otherwise well-matched; however, the 
restrictive tumor size and liver function crite-
ria led to a small study population that made 
it difficult to perform further sub-group anal-
ysis. 

In conclusion, this study confirms that 
combination therapy can achieve signif-
icantly higher initial upfront local tumor 
control rates compared with MWA therapy 
alone for HCCs >3 cm without increased 
rates of adverse events. While the combi-
nation therapy cohort had a larger mean 
tumor size compared with the MWA cohort, 
the combination therapy patients required, 
on average, a higher number of total proce-
dures due to the upfront performance of two 
separate interventions. The overall survival 
and major complication rates were compa-
rable between the two groups when a strict 
follow-up protocol and additional necessary 
treatments were incorporated into the over-
all treatment strategy. A prospective trial is 
warranted for providing better evidence and 
an understanding of how to stratify patients 
into combination vs. MWA therapy for inter-
mediate-to-large-size HCCs. 
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Percutaneous radiologic gastrostomy (PRG) is an enteral nutrition method widely per-
formed in patients in whom oral intake is unsafe or impossible and is now widely recog-
nized as a safe procedure with low complication rates.1,2 Since Preshaw3 first performed 

PRG in 1981, the procedure’s anchor technique and method of tract dilatation have under-
gone several modifications.

A previous study reported that PRG with a single gastropexy using a tract separate from 
the one used for tube placement is technically feasible and has a low complication rate.4 How-
ever, the study only placed 12- or 14-Fr pigtail-retained catheters, which are not currently 

PURPOSE
To evaluate the safety and efficacy of percutaneous radiologic gastrostomy (PRG) with balloon-as-
sisted tract dilatation (BATD) using a single gastropexy.

METHODS
This retrospective study was approved by the institutional review board. From August 2018 to Oc-
tober 2022, 61 patients (53 male and 8 female, mean age 67 years, age range 27–90 years) under-
went PRG with balloon-retained tubes for enteral nutrition. Single gastropexy was performed in all 
cases. Patients were divided into two groups based on the tract dilatation technique used. In the 
first group, BATD (n = 48) was performed. In the second group, a 24-Fr peel-away sheath (PAS) was 
used for tract dilatation (n = 13). Patient demographics, technical success rate, clinical success rate, 
fluoroscopy time, cumulative radiation dose, and complications were retrospectively evaluated. 
The Mann–Whitney U test for continuous variables and Fisher’s exact test for categorical variables 
were performed to compare the two groups.

RESULTS
All procedures were successfully performed with 100% technical and clinical success rates in both 
groups. The mean fluoroscopy time for the BATD group vs. the PAS group (1.68 ± 0.93 min vs. 3.56 ± 
2.41 min, P < 0.001) and mean cumulative radiation dose (12.98 ± 9.28 mGy vs. 33.01 ± 15.14 mGy, 
P < 0.001) were significantly lower in the BATD group compared with the PAS group. There was one 
major complication of peritonitis that led to death in the PAS group (1/13, 7.7%) and no major com-
plications in the BATD group. Minor complications such as pneumoperitoneum, abdominal pain, 
leakage, and balloon deflation occurred in 16 patients: 12 (12/48, 25.0%) patients in the BATD group 
and 4 (4/13, 38.5%) patients in the PAS group. The overall rate of major and minor complications 
was higher in the PAS group but did not show statistically significant differences (odds ratio: 1.875, 
95%; confidence interval: 0.514–6.841, P = 0.486).

CONCLUSION
BATD using a single gastropexy is a safe and effective technique for PRG.
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available in Korea, and used dilators for tract 
dilatation. In addition, several researchers 
have reported that small-bore gastrostomy 
tubes are more prone to tube dysfunction, 
and large-bore tubes perform better in terms 
of the time it takes to achieve the feeding 
goal.5,6 Another study reported on the safety 
and effectiveness of large-bore gastrostomy 
catheter placement using balloon-assisted 
tract dilatation (BATD), but the study used 
three gastropexy T-fasteners for stomach fix-
ation.7

To date, there is no report of PRG with a 
single gastropexy using BATD. The aim of this 
study was to compare this technique to con-
ventional methods using a peel-away sheath 
(PAS) and assess BATD’s technical feasibility 
and overall complication rate.

Methods

Patients

This is a retrospective study that was ap-
proved by the Kosin University Gospel Hos-
pital (KUGH 2022-08-014, 25/08/2022). Due 
to the retrospective nature of the study, in-
formed consent of the patients was not re-
quired.

From August 2018 to October 2022, 61 
patients who underwent PRG with bal-
loon-retained tubes for enteral nutrition 
were included in this study. The mean age of 
the patients was 67 (range: 27–90) years, and 
there were 53 males and 8 females. Underly-
ing diseases included head and neck cancer 
(n = 29), esophageal cancer (n = 14), cerebro-
vascular disease (n = 10), dysphagia (n = 4), 
Parkinson’s disease (n = 2), benign esopha-
geal stricture (n = 1), and tracheostomy state 
(n = 1). Patients were divided into two groups 
based on the types of tract dilatation tech-
niques used. In the first group, the authors 
used the BATD technique (n = 48, 78.7%). In 
the second group, tract dilatation was per-
formed using a 24-Fr PAS (n = 13, 21.3%). 

The baseline characteristics of all patients are 
presented in Table 1.

Technique

All procedures were performed by two 
board-certified interventional radiologists at 
our hospital. Gastrostomy procedures were 
performed under fluoroscopic guidance us-
ing local anesthesia without intravenous se-
dation, and all patients received balloon-re-
tained catheters. 

Patients fasted for at least 24 hours be-
fore the procedure and received 20 mg of 
butylscopolamine just before the procedure. 
The abdomen was prepped and draped in a 
sterile fashion. Through an indwelling naso-
gastric tube, the stomach was inflated with 
approximately 500 mL of air. Under fluoro-
scopic and ultrasound guidance, a site for 
gastrostomy placement was selected and 
marked in the epigastric region, avoiding 
the transverse colon and left lobe of the liver. 
Local anesthesia was administered at the se-
lected site for gastropexy and gastrostomy. 
In this region, an incision of approximately 
5 mm was made in the skin, and a 17-gauge 
introducer needle preloaded with an anchor 
(Cope Gastrointestinal Suture Anchor Set, 
Cook, Bloomington, IN, USA) was used to 
access the insufflated stomach. Then, a sin-
gle suture anchor was deployed and pulled 
tight to fix the anterior stomach wall against 
the abdominal wall. After using fluoroscopy 
to confirm its location within the stomach, 
a 0.035-inch guidewire was passed into the 
stomach, and a small dilator (8-Fr) was intro-
duced over the guidewire. 

In the BATD group, an Amplatz Super Stiff 
Guidewire (Boston Scientific, Marlborough, 

MA, USA) was also inserted into the stom-
ach through the dilator, and the gastros-
tomy tube (Entuit Gastrostomy BR Balloon 
Retention Feeding Tube, Cook, Blooming-
ton, IN, USA) was preloaded on the shaft of 
a high-pressure balloon. Depending on the 
diameter of the tube, different balloon sizes 
were used: 8 mm for the 20-Fr tube, 7 mm for 
the 18- and 16-Fr tubes, and 6 mm for the 14-
Fr tube. The inflation time for ballooning was 
approximately 30 seconds. As the balloon 
was deflated, the gastrostomy tube and bal-
loon catheter were advanced together over 
the wire into the stomach. After removal of 
the balloon catheter, the retention balloon 
of the gastrostomy tube was then inflated 
with a contrast–saline mixture. A contrast 
medium injection was used to confirm the 
gastrostomy tube was in the appropriate lo-
cation. The anchor was then sutured to the 
abdominal wall, and the gastrostomy tube 
was fixed to the skin (Figure 1).

In the PAS group, the tract was dilated 
using a telescoping serial dilator with a 24-
Fr peel-away introducer sheath (Peel-away 
Introducer Set, Cook, Bloomington, IN, USA), 
and the gastrostomy tube was inserted into 
the stomach through the PAS. The sheath 
was then removed, and the retention balloon 
was inflated with a contrast–saline mixture. 
After confirming the location of the gastros-
tomy tube using contrast injection, a suture 
anchor was sutured to the skin with a small 
plastic disk. Suture was released 7-10 days af-
ter procedure. The sheath was then removed, 
and the retention balloon was inflated with a 
contrast–saline mixture (Figure 2).

After the procedure, patients were evalu-
ated for pneumoperitoneum by radiograph 
and observance of clinical symptoms, such 
as abdominal pain and fever. If no abnor-

Main points

•	 Percutaneous radiologic gastrostomy (PRG) 
is a procedure widely performed in patients 
with conditions that make oral intake unsafe 
or impossible.

•	 There have been several modifications of 
the PRG procedure in anchor technique and 
method of tract dilatation.

•	 PRG with a single gastropexy using bal-
loon-assisted tract dilatation appears to be 
a safe and effective technique.

Table 1. Characteristics of all patients

Overall  
(n = 61)

BATD group 
(n = 48)

PAS group 
(n = 13)

Mean age (range) 67 (27–90) 68 (27–90) 62 (49–74)

Sex

Male 53 41 12

Female 8 7 1

Underlying disease

Head and neck cancer 29 20 9

Esophageal cancer 14 12 2

Cerebrovascular disease 10 8 2

Dysphagia 4 4 0

Parkinson’s disease 2 2 0

Benign esophageal stricture 1 1 0

Tracheostomy state 1 1 0

BATD, balloon-assisted tract dilatation; PAS, peel-away sheath.
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malities were present, patients were admin-
istered 100 cc of water three times through 
the gastrostomy tube the day after the pro-
cedure, and if there were still no abnormal 
symptoms, liquid intake was initiated.

Data collection and definition

Data from all patients were collected, re-
viewed, and recorded, including the radiolo-

gy information system and electronic medi-
cal record (EMR).

Technical success was defined as when 
the gastrostomy tube was effectively placed 
into the stomach, and clinical success was 
defined as when the feeding tube func-
tioned correctly. The follow-up period was 
determined as days of hospitalization after 

the procedure. Data on fluoroscopy time and 
radiation dose during the procedure were 
also collected. Complications were catego-
rized as major and minor according to the 
Society of Interventional Radiology.8 Major 
complications were defined as conditions 
that were life-threatening, causing gastros-
tomy malfunction, or requiring additional 
intervention. Minor complications were de-
fined as conditions requiring only minimal 
medical management or local wound care. 

Statistical analysis

Univariable analyses were performed us-
ing the Mann–Whitney U test and the Fish-
er’s exact test for continuous data and cate-
gorical data, respectively. The following data 
were evaluated: age, sex, underlying disease 
for PRG, technical and clinical success, and 
major or minor complications, and P < 0.05 
was considered to indicate a statistically 
significant difference. All statistical analyses 
were performed using IBM SPSS Statistics 
for Windows (version 28.0. Armonk, NY: IBM 
Corp).

Results
In 48 patients (78.7%), BATD was used, 

and the 24-Fr PAS was used in 13 patients 
(21.3%). A single gastropexy was performed 
in all cases.

In the BATD group, the mean age was 68.5 
years, and in the PAS group, the mean age 
was 62 years. There were 7 females and 41 
males in the BATD group and 1 female and 
12 males in the PAS group. There was no sta-
tistical difference in the age (P = 0.976) and 
sex (P = 0.453) between the two groups.

The technical success rate using a single 
gastropexy under fluoroscopic guidance was 
100% in both groups, and the clinical success 
rate was 100% in both groups. The mean fol-
low-up time was 24 days (range: 1–209 days).

The diameters of the placed tubes were 
varied in the BATD group: 20-Fr tubes in 10 
patients, 18-Fr tubes in 12 patients, 16-Fr 
tubes in 21 patients, and 14-Fr tubes in 5 pa-
tients. In the PAS group, all patients received 
a 24-Fr tube. 

The mean fluoroscopy time in the BATD 
group was 1.68 ± 0.93 min (range: 0.68–5.93 
min) and in the PAS group was 3.56 ± 2.41 
min (range: 1.62–11.35 min) (P < 0.001). The 
mean radiation dose in the BATD group was 
12.98 ± 9.28 mGy (range: 2.6–46.8 mGy) and 
in the PAS group was 33.01 ± 15.14 mGy 
(range: 19.0–71.0 mGy) (P < 0.001) (Table 2).

Figure 1. Successful percutaneous radiologic gastrostomy in patient with a single gastropexy using balloon-
assisted dilatation. (a) Stomach insufflated with 500 mL of air through a nasogastric tube (arrowhead). Scissor 
indicates a site for gastrostomy placement. (b) After introducer needle advanced into the inflated stomach, 
suture anchor (arrow) was deployed into the stomach. A stiff guidewire (arrowhead) was inserted into 
the stomach through the needle. (c) The gastrostomy tube was preloaded on the shaft of a high-pressure 
balloon, and the balloon was inflated for 30 seconds. (d) As the balloon was deflated, the gastrostomy tube 
and balloon catheter were advanced together over the wire into the stomach. (e) The gastrostomy tube 
was secured in place by inflation with a contrast–saline mixture. (f) Finally, a contrast medium was injected 
through the gastrostomy tube to fluoroscopically confirm the intragastric location.
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Major complications (such as peritonitis, 
migration, bleeding, and pneumonia) oc-
curred in one patient from the PAS group. 
The patient underwent PRG for esophageal 
cancer and had no acute symptoms, and 
the abdominal radiograph the day after the 
procedure did not indicate pneumoperito-
neum. He routinely tried 100 kcal of feeding 
liquids two days after the procedure, after 
which the patient complained of severe ab-
dominal pain, and an abdominal radiograph 
revealed pneumoperitoneum. When subse-
quent computed tomography indicated that 
the gastrostomy tube had exited the stom-
ach and migrated to the abdominal cavity, 
the tube was immediately removed, and the 
patient received supportive treatment, such 
as antibiotics and total parenteral nutrition. 
However, he died 11 days after the proce-
dure. 

Possible minor complications included 
pneumoperitoneum, abdominal pain, skin 
infection, leakage, and balloon deflation. In 
the BATD group, 12 patients (25.0%) report-
ed minor complications, including pneumo-
peritoneum (9/46, 19.6%), abdominal pain 
(4/46, 8.7%), and leakage (1/46, 2.2%), and 
two of those patients complained of both 
pneumoperitoneum and abdominal pain. In 

the PAS group, four patients (38.5%) report-
ed minor complications, including pneumo-
peritoneum (2/13, 15.4%), abdominal pain 
(2/13, 15.4%), and balloon deflation (1/13, 
7.7%), and one of those patients complained 
of both pneumoperitoneum and abdominal 
pain.

The overall complication rate was higher 
in the PAS group; however, the difference 
was statistically non-significant [odds ratio 
(OR): 1.875, 95%; confidence interval (CI): 
0.514, 6.841; P = 0.486)] (Table 3).

Twenty-two patients in the BATD group 
and 13 patients in the PAS group received a 
large-bore (18- or 20-Fr) gastrostomy tube. 
Four of these patients in the BATD group 
(4/22, 18.2%) experienced minor complica-
tions: pneumoperitoneum and abdominal 
pain were reported in three patients and 
one patient, respectively. Five patients in the 
PAS group (5/13, 38.5%) who received 20-Fr 
tubes experienced complications, including 
one major complication. The overall rate of 
large-bore tube insertion complications was 
higher in the PAS group; however, the dif-
ference was statistically non-significant (OR: 
2.813, 95%; CI: 0.593, 13.336; P = 0.243) (Table 
4).

Discussion
There are various ways to perform PRG. 

Usually, PRG is performed by puncturing 
the stomach and inserting a gastrostomy 
tube, either a balloon-retained or pigtail-re-
tained catheter. Pigtail-retained catheters 
have been widely used because they are 
easy to insert,9,10 but they are currently not 
available in Korea. Several radiologists have 
placed catheters via the oropharynx using a 
mushroom-retained catheter and reported 
that this method was less prone to tube dys-
function and resulted in lower complication 
rates.6,11 However, considering that half of 
the patients in this study were head and neck 
cancer patients, a mushroom-retained cath-
eter was inappropriate because the catheter 
must pass through the mouth. Therefore, in 
the present study, a balloon-retained cathe-
ter was used for the gastrostomy procedure.

The PRG procedure has become safer and 
more effective through several modifications 
in the anchor technique.4,12,13 Gastropexy de-
vices provide stabilization of the stomach 
to the anterior abdominal wall, especially 
when large-bore catheters are used.13,14 One 
prospective randomized study suggested 
routine performing of T-fastener gastropexy 
for all PRG procedures.15 Another retrospec-
tive study found that the use of gastropexy 
is superior to non-gastropexy gastrostomy in 
terms of preventing leakage.16 However, gas-
tropexy-related complications, such as su-
ture-related pain, suture rupture, migration, 
or wound infection, can occur.17,18 Although 
removing the T-fasteners can resolve gas-
tropexy-related complications,15 using more 
anchors can increase complications such as 
bleeding and infection.19 Therefore, many 
surgeons have tried to minimize the number 
of suture anchors while allowing safe and 
easy maneuvering of catheters.4,20,21 Milova-
novic et al.22 reported one major complica-
tion (1.4%) and three minor complications 
(4.3%) in 69 patients using a single-puncture, 
multi-anchor technique. Although the com-
plication rate was lower than in the current 
study, most gastrostomy tubes had a diam-
eter of 12-Fr (86.9%), and there was only one 
tube larger than 18-Fr.22 The difference in 
tube diameter makes it difficult to compare 
the complication rates. This study shows a 
safe and effective procedure to ensure the 
fixation of large-diameter gastrostomy tubes 
using a single gastropexy. While inserting 
the balloon dilatation catheter through the 
guidewire, the surgeon should pull the an-
chor to attach the anterior stomach wall to 
the abdominal wall. At the same time, this 

Table 2. Statistical analysis of fluoroscopy time and radiation dose

Overall
(n = 61)

BATD group
(n = 48)

PAS group
(n = 13)

P value

Fluoroscopy time (min) 2.05 ± 1.36 1.68 ± 0.93 3.56 ± 2.41 <0.001

Radiation dose (mGy) 17.39 ± 13.66 12.98 ± 9.28 33.01 ± 15.14 <0.001

Data are presented as mean ± standard deviation. BATD, balloon-assisted tract dilatation; PAS, peel-away sheath.

Table 3. Postprocedural complications

Overall
(n = 61)

BATD group
(n = 48)

PAS group
(n = 13)

P value

Overall complications 17 (27.9%) 12 (25.0%) 5 (38.5%) 0.486

Major complications 1 (1.6%) 0 1 (7.7%)

Minor complications 16 (26.3%) 12 (25.0%) 4 (30.8%)

Pneumoperitoneum 11 (18.0%) 9 (19.6%) 2 (15.4%)

Abdominal pain 6 (9.8%) 4 (8.7%) 2 (15.4%)

Skin infection 0 0 0

Leakage 1 (1.6%) 1 (2.2%) 0

Balloon deflation 1 (1.6%) 0 1 (7.7%)

Data are presented as mean ± standard deviation. BATD, balloon-assisted tract dilatation; PAS, peel-away sheath.

Table 4. Complications of large-bore gastrostomy tube in two groups

BATD group 
with large-bore tubea (n = 22)

PAS group 
(n = 13)

P value

Complications 4 (18.2%) 5 (38.5%) 0.243

No complications 18 (81.8%) 8 (61.5%)

Data are presented as number (percent). aLarge-bore tube includes 20- and 18-Fr gastrostomy tubes. BATD, balloon-
assisted tract dilatation; PAS, peel-away sheath.



 

A single-center retrospective study • 817

technique should be performed gently, as 
applying too much tension can cause dam-
age to the stomach wall or break the anchor 
itself. 

There are two reports for the placement 
of gastrostomy tubes using BATD.7,23 Re-
search indicates that BATD allows for rapid 
dilatation of the gastrostomy tract, and in-
sertion of the tube can be performed in a 
single step, which reduces procedural time.7 
In the study, fluoroscopy time and cumula-
tive radiation dose were significantly lower 
in the BATD group compared with the PAS 
group (P < 0.001). This suggests that BATD 
is more effective than using a PAS, with the 
benefit that it lessens radiation exposure for 

both surgeons and patients, in line with the 
principle of reducing radiation doses to “as 
low as reasonably achievable.”24 Complica-
tion rates also show consistent results. Ma-
jor complications did not occur in the BATD 
group, whereas one patient in the PAS group 
experienced a major complication (peritoni-
tis). Patients in each group experienced mi-
nor complications: 25% (12/48) for the BATD 
group and 38.5% (5/13) for the PAS group. 
Complication rates were lower in the BATD 
group, but there was no statistical difference 
between the two groups (P = 0.486). The PAS 
group used a 24-Fr PAS, and considering that 
the gastrostomy tube is 20-Fr, the PAS ex-
pands the gastrostomy tract more than nec-
essary. In contrast, using BATD, the gastros-

tomy tract can be expanded appropriately to 
the diameter of the tube, thereby lessening 
the probability of complications. 

Maroun et al.7 investigated the efficiency 
and safety of balloon-assisted gastrostomy. 
The previous study used three gastropexy 
T-fasteners, a 9–10 mm balloon for a 20-Fr 
tube, and 1–2 minutes for balloon inflation. 
In the current study, the authors used a sin-
gle gastropexy for stomach fixation, a 6–8 
mm balloon for a 14- to 20-Fr tube, and ap-
proximately 30 seconds for balloon inflation. 
Compared with the previous study, the bal-
loon capacity was smaller, and the inflation 
time was shorter. The authors tried to mini-
mize the tract dilatation, resulting in no mi-
gration and a low leakage rate (2.2%) in the 
BATD group. 

It may be argued that differences be-
tween tube diameters could affect the com-
plication rates. In the BATD group, tubes of 
various diameters from 14-Fr to 20-Fr were 
used, but in the PAS group, only 20-Fr tubes 
were used. Therefore, it may be thought that 
many complications in the PAS group oc-
curred because larger-diameter tubes were 
used. However, the overall rate of large-bore 
tube (18 or 20-Fr) insertion complications 
was more than two times higher in the PAS 
group (5/13, 38.5%) than those in the BATD 
group with a large-bore tube (4/22, 18.2%). 
Therefore, rather than the diameter of the 
tube, the method of tract dilatation seems 
to be more related to the complication rate, 
but statistical significance was not found (P 
= 0.243). 

There were several limitations of the pres-
ent study. First, it was a small study popula-
tion from a single institution, and, therefore, 
institutional bias may make it difficult to 
generalize the results of this study. Second, 
the number of patients who underwent PRG 
with the PAS technique was much smaller 
compared to the number of patients who 
underwent PRG with the BATD technique, 
and the disproportionate number of the two 
groups may exaggerate or reduce the differ-
ences between them. Third, it is possible that 
complications went unreported because this 
information was retrospectively collected 
by review of EMRs. Thus, if post-procedural 
complications were not included in these 
records, the presence of complications could 
not be confirmed. 

In conclusion, PRG with a single gas-
tropexy using BATD appears to be a safe 
and effective technique and results in lower 
radiation exposure and incidence of compli-
cations than using a PAS for tract dilatation.

Figure 2. Successful percutaneous radiologic gastrostomy in patient with a single gastropexy using a 24-
Fr peel-away sheath. (a) Introducer needle preloaded with anchor (arrowhead) was accessed to inflated 
stomach. (b) Suture anchor (arrow) was deployed into stomach. A guidewire (arrowhead) was inserted into 
the stomach through the needle. (c) Tract dilatation using a serial dilator and 24-Fr peel-away introducer 
sheath (arrow) was performed. (d) The gastrostomy tube was secured in place by inflation with a contrast–
saline mixture. (e) Finally, a contrast medium was injected through the gastrostomy tube to fluoroscopically 
confirm the intragastric location.
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Efficacy and safety of transcatheter arterial embolization for 
hemodynamically unstable bleeding after percutaneous transthoracic 
needle biopsy

*Su Kyeong Yeon 
*Yura Ahn
Ji Hoon Shin
Sang Young Oh 
Gun Ha Kim

PURPOSE
To evaluate the safety and efficacy of transcatheter arterial embolization (TAE) in controlling he-
modynamically unstable bleeding following a percutaneous transthoracic needle biopsy (PTNB).

METHODS
A total of seven patients (four men and three women; mean age, 62 ± 12 years) who received TAE 
for post-PTNB bleeding between May 2007 and March 2022 were included. The observed types of 
bleeding were hemothorax (n = 3), hemoptysis (n = 2), and a combination of both (n = 2). In patients 
with active bleeding, the technical success of TAE was defined as superselective embolization of the 
target artery with no active bleeding visible on post-TAE angiography. Clinical success was defined 
as sustained cessation of bleeding without hemodynamic instability, requirement of repeat TAE, or 
the need for post-TAE hemostatic surgery during the initial admission. The metrics analyzed includ-
ed technical and clinical success rates, complications, and 30-day mortality.

RESULTS
All seven patients achieved technical success, with a clinical success rate of 86% (6/7). Six patients 
were discharged alive, while one patient died of respiratory failure accompanied by hemothorax 19 
days post-biopsy. The angiographic findings associated with bleeding were contrast media extrav-
asation or pseudoaneurysm (n = 3) and vascular hypertrophy with tortuosity (n = 2). The implicated 
bleeding arteries included the intercostal artery (n = 2), bronchial artery (n = 2), and internal tho-
racic artery (n = 1). In two cases, no clear bleeding foci were identified; nonetheless, prophylactic 
embolization was performed on the right intercostal artery (n = 1) and right intercostobronchial 
trunk (n = 1). The embolic agents utilized included microcoils (n = 1), gelatin sponge particles (n = 
2), polyvinyl alcohol (PVA) with gelatin sponge particles (n = 1), PVA with microcoils (n = 1), micro-
coils with gelatin sponge particles (n = 1), and microcoils with n-butyl-2-cyanoacrylate and gelatin 
sponge particles (n = 1). The 30-day mortality rate was 14% (1/7). No ischemic complications related 
to TAE were observed. 

CONCLUSION
The study suggests that TAE is safe and effective for controlling hemodynamically unstable bleed-
ing following a PTNB.
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Transcatheter arterial embolization, percutaneous transthoracic needle biopsy, hemoptysis, 
hemothorax, angiography

You may cite this article as: Yeon SK, Ahn Y, Shin JH, Oh SY, Kim GH. Efficacy and safety of transcatheter arterial embolization for hemodynamically unstable 
bleeding after percutaneous transthoracic needle biopsy. Diagn Interv Radiol. 2023;29(6):819-825.

Image-guided percutaneous transthoracic needle biopsies (PTNBs) play a pivotal role in the 
histopathological evaluation of pulmonary parenchymal lesions.1 Recognized as a safe and 
minimally invasive diagnostic procedure, a PTNB is nonetheless associated with a risk of 

procedure-related complications such as pneumothorax, hemorrhage, and air embolism.2
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Risk estimates for bleeding complications 
following a PTNB fluctuate widely. Utilizing 
data from twelve single-institution retro-
spective case series, Wiener et al.3 reported 
a median hemorrhage risk of 12%, ranging 
from 2% to 66%. This variation could be at-
tributed to the differences in how the com-
plications were defined across studies.3 Such 
bleeding complications may encompass pul-
monary parenchymal hemorrhage, hemop-
tysis, hemothorax, chest wall hematoma, and 
pulmonary artery pseudoaneurysm.

Hemoptysis is typically self-limiting, but 
there can be instances of massive, potentially 
fatal, hemoptysis following a PTNB.4 In cases 
where massive hemoptysis is unmanageable 
through conservative methods, rigid bron-
choscopy, transcatheter arterial emboliza-
tion (TAE), or surgery might be employed in 
some centers.5 The occurrence of significant 
chest wall hematoma and hemothorax, al-
though rare, can transpire if any of the inter-
costal arteries or internal thoracic arteries are 
injured during the biopsy procedure.6 Sever-
al studies have reported TAE of the injured 
arteries to be an effective treatment option 
for iatrogenic intercostal or internal thorac-
ic arterial bleeding.7-9 There are limited case 
reports and associated evidence concerning 
TAE for hemorrhage following a PTNB. This 
study aimed to evaluate the clinical efficacy 
and safety of TAE in patients with hemody-
namically unstable PTNB-related hemor-
rhage.

Methods

Patients

This retrospective study received approv-
al from the Asan Medical Center Institutional 

Review Board (no: S2023-0101-0001). Given 
its retrospective nature, the requirement for 
written informed consent for the procedures 
was waived. The study was conducted in a 
single tertiary referral hospital. 

Between May 2007 and March 2022, a 
total of 18,118 consecutive PTNBs were per-
formed on 16,576 adult patients. Among 
these, 356 patients (2.1%) experienced 
hemoptysis, and 13 (0.08%) developed 
hemothorax, as confirmed by imaging stud-
ies. The present study included seven pa-
tients (four men, three women; mean age, 62 
± 12 years) from this group who underwent 
TAE to control bleeding following a PTNB. 
These patients were specifically referred 
due to downtrending hemoglobin levels or 
hemodynamic instability. The median trans-
fusion volume before and after angiogra-
phy was five units of packed red blood cells 
(range: 0–16 units). 

The medical records of each patient were 
reviewed to gather clinical data, including 
underlying diseases, clinical symptoms or 
signs, and laboratory findings. Initial presen-
tation data such as vital signs, systolic and 
diastolic blood pressures, and coagulation 
study results [including hemoglobin concen-
tration, platelet count, prothrombin time, ac-
tivated partial thromboplastin time, and the 
international normalized ratio (INR)] were 
collected.

The variables analyzed in this study in-
cluded the following: the time between bi-
opsy sample collection and symptom onset; 
the interval from symptom onset to angiog-
raphy; computed tomography (CT) findings; 
TAE details (e.g., angiographic findings and 
embolic materials used); procedure-related 
complications; and clinical outcomes after 
TAE, which comprised technical and clinical 
success, 30-day mortality, admission to the 
intensive care unit, and procedure-related 
complications related to post-PTNB bleed-
ing.

Biopsy procedures

Our established protocol mandates an 
INR of <1.6 and a platelet count of >50,000/
µL. The PTNBs were either conducted by tho-
racic radiology faculty members or by chest 
imaging fellows under their direct supervi-
sion. 

All patients underwent a prearranged 
chest CT scan prior to the PTNB. For each 
procedure, the operator delineated the most 
efficient and secure pathway for the needle 

based on the CT scans. Subsequently, the 
patients were positioned according to the 
selected pathways. 

The pre-, intra-, and post-procedural CT 
scans of patients who underwent TAE were 
reviewed. First, variables such as target le-
sion characteristics (size, lobar location, and 
lesion type), patient position, puncture site 
location, needle penetration length from 
the pleura, number of specimen acquisi-
tions, and complications were recorded. 
Moreover, the distance from the midline 
(spinous process) to the biopsy site for each 
patient who had biopsy specimen collec-
tion in the prone position was measured.

All patients were administered local an-
esthesia. The procedures were conducted 
under CT guidance, fluoroscopic guidance, 
or without imaging guidance, selecting the 
optimal route to circumvent ribs, vessels, 
fissures, and intercostal nerves. A standard 
core biopsy incorporating a coaxial tech-
nique was used, which employed a 19-G 
coaxial introducer and 20-G cutting needle 
(Stericut; TSK Laboratory). All specimens 
were immediately evaluated for diagnos-
tic sufficiency. If the initial specimen was 
deemed insufficient, further aspirations 
were performed, with a maximum of three 
aspirations in one setting. Following the 
procedure, the patients were instructed to 
rest in the supine position. A chest X-ray 
follow-up was conducted 2–4 h post-biopsy 
to detect any procedure-related complica-
tions. 

The CT-guided PTNB was performed 
with either a single-slice spectral detector 
CT scanner (HiSpeed CT/I; GE Healthcare) or 
64-multidetector CT scanners (SOMATOM 
Definition AS; Siemens Healthineers) with 
parameters set to 100 or 120 kVp and 1.5 or 
3.0 mm in axial slice thickness. The needle 
was inserted at an optimal angle until its tip 
reached the lesion’s edge, as confirmed by 
several small-scale CT scans throughout the 
procedure. Once sufficient tissue samples 
were procured and the needle removed, a 
post-procedural CT was conducted to iden-
tify any complications.

During the fluoroscopic biopsy, the ex-
posure parameters were set to 60 kVp. To 
mitigate radiation exposure, the operator 
manipulated the needle introducer using 
surgical forceps during fluoroscopy proce-
dures. Real-time imaging was intermittently 
employed to visualize the position of the 
advancing needle tip.

Main points

•	 The clinical success rate of transcatheter 
arterial embolization for hemodynamically 
unstable bleeding after percutaneous tho-
racic needle biopsy was 86%, with no com-
plications.

•	 Delayed-onset (>24 h) bleeding complica-
tions were frequent, occurring in up to 43% 
of cases, highlighting the necessity of pa-
tient education and close monitoring.

•	 The angiography identified bleeding arter-
ies as intercostal arteries, bronchial arteries, 
and an internal thoracic artery, and prophy-
lactic embolization of non-bleeding sites 
also achieved clinical success, emphasizing 
the significance of diagnostic angiography 
and selective embolization in managing 
post- percutaneous transthoracic needle 
biopsy bleeding.
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Angiography and embolization techniques

Prior to embolization, the hemorrhage 
was located using pre-procedural CT scans 
or biopsy results. Thoracic aortography, 
bronchial arteriography, internal thoracic 
arteriography, and intercostal arteriography 
were performed with a specific reference 
to the CT-identified hemorrhage. Contrast 
extravasation, the existence of pseudoan-
eurysms or hypertrophy, and vascular tor-
tuosity were indicators of active bleeding.10 
Experienced interventional radiologists, with 
a clinical tenure of 10–20 years in endovascu-
lar treatments, conducted the angiography 
and embolization procedures. The standard 
protocol included local anesthesia admin-
istration, specifically lidocaine, followed by 
routine access to the right common femo-
ral artery. A 5F catheter (RH or C2 catheter, 
Cook Medical) and a 0.035-inch hydrophilic 
guidewire (Radifocus, Terumo Inc.) were em-
ployed. Descending thoracic aortography 
was performed with a 5F pigtail catheter, 
and the abnormal culprit arteries were eval-
uated. A selective bronchial arteriogram was 
then performed using either reverse-curved 
catheters (Mikaelson, SOS Omni) or forward 
catheters (Cobra). If the anomalous bron-
chial arteries remained unidentified, a thor-
ough exploration of non-bronchial systemic 
arteries, including intercostal arteries, was 
pursued. The patients who had biopsies 
performed in a supine position underwent 
additional internal thoracic arteriography. 
Superselection of the bleeding arteries was 
accomplished with a 2.0F–2.4F microcathe-
ter (Progreat, Terumo Inc.; Renegade, Boston 

Scientific). If the bleeding site could not be 
localized, prophylactic embolization was 
performed on the most-suspected arteries, 
with consideration of the previous biopsy 
site. 

Embolic materials, chosen as per the oper-
ator’s preference and based on angiographic 
findings, included microcoils (MicroNester or 
Tornado; Cook Medical), n-butyl-2-cyanoac-
rylate (NBCA) (Histoacryl, B. Braun), polyvi-
nyl alcohol (PVA) (PVA 355–500 µm; Boston 
Scientific), or gelatin sponge particles (Spon-
gostan; Johnson & Johnson). To ensure tar-
get vessel occlusion or cessation of contrast 
extravasation, completion angiography was 
performed post-embolization.

Definitions 

Coagulopathy was defined as an INR >1.5 
or a platelet count of <50,000/µL.11 Hemo-
dynamic instability was characterized by 
either hypotension (systolic blood pressure 
<100 mmHg) or tachycardia (heart rate >100 
beats/min). Any bleeding complications that 
occurred >24 h following biopsy specimen 
collection were deemed delayed events.12

In patients with active bleeding, techni-
cally successful TAE was defined as an em-
bolization that successfully superselected 
the target artery, with no evidence of active 
bleeding noted in the post-TAE angiography. 
Clinical success was defined as the sustained 
cessation of bleeding without signs of hemo-
dynamic instability, negating the need for 
either repeat TAE or post-TAE hemostatic sur-
gery during the initial admission. Any com-

plications were categorized as either major 
or minor based on the guidelines provided 
by the Society of Interventional Radiology 
Standards of Practice Committee.13

Statistical analysis

The numerical results of the clinical data 
and measurements were expressed as means 
± standard deviations or medians (ranges).

Patient follow-up

Following TAE, all patients were closely 
monitored for clinical indications of ischemic 
complications or recurrent bleeding until 
either discharge or death. These clinical ob-
servations were augmented by laboratory 
studies, vital signs, and chest radiographs. The 
patients’ long-term outcomes and mortality 
rates were established through a review of 
the medical charts. It is worth noting that con-
ducting a CT scan following embolization is 
not standard practice within this hospital unit. 

Results

Clinical characteristics

The characteristics and outcomes of the 
seven patients are summarized in Tables 1, 2. 
No coagulopathy was detected in any of the 
patients. The median INR was 1.09 (range: 
0.93–1.22), and the median platelet count 
was 183,000/μL (range: 90,000–353,000/μL). 

The median interval between biopsy sam-
ple collection and symptom onset was 2.0 h 
(mean: 50.0 h; range: 0.3–156.7 h). Hemop-
tysis occurred within 1 h post-biopsy in 43% 

Table 1. Clinical characteristics

No/
sex/age 
(years)

Image 
guidance

Bleeding 
type

Symptom 
or sign

Time interval (h) Hemoglobin 
(g/dL)

Transfusion
(units of 
pRBCs)

TXA 
administration 
duration (days)

Pathology Underlying 
disease

Biopsy 
and 
symptom 
onset

Symptom 
onset and 
angiography

Before After

1/M/69 None Hemothorax Chest pain 2 5.3 6 8.8 5 Non-specific 
benign DM, HTN, CKD

2/M/74 CT Hemoptysis Hemoptysis 0.6 1.5 8.4 10.6 3 4 Lung cancer No

3/F/50 Fluoro Hemothorax, 
hemoptysis

Dyspnea, 
hemoptysis 35.6 85.9 9.8 10.5 16 5 Lung cancer No

4/F/64 CT Hemothorax Dyspnea, 
chest pain 153.88 65.8 7.1 10.3 8 Lung cancer HTN, 

hyperthyroidism

5/M/63 CT Hemothorax, 
hemoptysis Hemoptysis 0.4 5.1 6.9 8.1 5 1 Non-specific 

benign
HTN, CKD, kidney 
amyloidosis

6/F/52 CT Hemothorax Chest pain, 
dizziness 156.7 9.5 8.8 11.6 2 Non-specific 

benign
HTN, Takayasu 
arteritis

7/M/62 CT Hemoptysis Hemoptysis 0.3 3.3 7.5 9.4 4 2 Lung cancer DM, HTN, CKD, 
3VD, HCC

CKD, chronic kidney disease; CT, computed tomography; DM, diabetes mellitus; F, female; pRBCs, packed red blood cells; Fluoro, fluoroscopy; M, male; HTN, hypertension; HCC, 
hepatocellular carcinoma; TXA, tranexamic acid; 3VD, three-vessel disease.
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of the patients (3/7), while in another 43% 
(3/7), symptom onset was delayed until >24 
h after the collection of the biopsy specimen. 
Four patients who had active hemoptysis 
were administered a 500 mg (5 mL) dose of 
tranexamic acid, combined with 5 mL of dis-
tilled water, four times daily. The median du-
ration of this treatment was 2.5 days (range, 
1–5 days).

Computed tomography findings 

The procedural parameters and CT find-
ings of the study patients are summarized in 
Table 3. Four patients underwent the PTNB 
in the prone position, with the remaining 
three in the supine position. Among these 
patients, four exhibited solid lesions and two 
presented subsolid lesions. Patient 1 had a 
significant pleural effusion without a demon-
strable mass or enhancing lesion and thus 
underwent a pleural biopsy. The mean size of 
the target lesion was 35.1 mm (median: 29.0 
mm; range: 14.0–80.0 mm).

The mean distance from the skin to the 
target lesion was 61.3 mm (median: 62.5 mm; 

range: 28.0–94.0 mm). In patients who were 
in the prone position, distances from the 
biopsy sites to the spinous processes were 
measured, yielding a mean value of 90.0 mm 
(median: 85.5 mm; range: 79.0–110.0 mm). 
For these four patients, the needle insertion 
sites were located at the right seventh inter-
costal space (n = 2), the right eighth intercos-
tal space (n = 1), and the left tenth intercostal 
space (n = 1).

Embolization details and outcomes

The angiographic details are shown 
in Table 2. The median interval between 
symptom onset and angiography was 5.3 h 
(mean: 25.2 h; range: 1.5–85.9 h). 

In terms of angiographic findings, active 
bleeding indicators, such as contrast media 
extravasation or pseudoaneurysms, were 
evident in three patients. Two other pa-
tients exhibited vascular hypertrophy and 
tortuosity, whereas the final two patients 
presented no signs of active bleeding. An-
giography identified the bleeding arteries as 

intercostal arteries (n = 2) (Figure 1), bronchi-
al arteries (n = 2) (Figure 2), and an internal 
thoracic artery (n = 1) (Figure 3). The two pa-
tients without demonstrable bleeding sites 
underwent prophylactic embolization of an 
intercostal artery (n = 1) and the intercostob-
ronchial trunk (n = 1). The embolization pro-
cedures were technically successful for all 
seven patients. Three patients were treated 
using single embolic agents: one with micro-
coils and two with gelatin sponge particles. 
In contrast, four patients were treated using 
a combination of embolic agents: PVA with 
gelatin sponge particles (n = 1), PVA with 
microcoils (n = 1), microcoils with gelatin 
sponge particles (n = 1), and microcoils with 
NBCA and gelatin sponge particles (n = 1). 

Clinical success was achieved in six pa-
tients (86%, 6/7). One patient (patient 3) 
experienced rebleeding with respiratory fail-
ure and died 19 days after the biopsy proce-
dure. This resulted in a 30-day mortality rate 
of 14%. No embolization-related complica-
tions were observed.

Table 2. Endovascular interventions and outcomes

No/sex/age 
(years)

Indication Angiographic findings Embolized vessels Embolic 
materials

Technical 
success

Clinical success Complications

1/M/69 Hb↓, BP↓ PSA Left ICA (10th) Coils Yes Yes None

2/M/74 Hb↓, BP↓ Hypertrophic and 
tortuous Left BA PVA, GSP Yes Yes None

3/F/50 Hb↓, BP↓ Hypertrophic and 
tortuous Right ICBT, right ITA Coils, GSP Yes No None

4/F/64 Hb↓, BP↓ CE, PSA Right ITA NBCA, coils, GSP Yes Yes None

5/M/63 Hb↓ Normal Right ICA (8th, 9th, 
10th) GSP Yes Yes None

6/F/52 Hb↓, BP↓ CE Right ICA (8th) PVA, coils Yes Yes None

7/M/62 Hb↓, BP↓ Normal Right ICBT GSP Yes Yes None

BA, bronchial artery; BP, blood pressure; CE, contrast extravasation; F, female; GSP, gelatin sponge particle; Hb, hemoglobin; ICBT, intercostobronchial trunk;  ICA, intercostal artery; 
ITA, internal thoracic artery; M, male; NBCA, n-butyl-2-cyanoacrylate; PSA, pseudoaneurysm; PVA, polyvinyl alcohol.

Table 3. Pre-, intra-, and post-procedural parameters and computed tomography findings

No/
sex/
age 
(years)

Nodule 
type

Nodule size 
(mm)

Biopsy 
number

Location Total 
depth 
(mm)

Depth 
from 
pleura 
(mm)

Position Distance 
from spinous 
process (mm)

Puncture 
site 
(intercostal 
space)

Pneumothorax Parenchymal 
hemorrhage

1/M/69 NA NA 4 Left 
hemithorax 28 5 Prone 89 Left 10th No No

2/M/74 Subsolid 32 3 LUL 48 26 Supine Right 3rd Yes Yes

3/F/50 Solid 80 3 RLL 52 40 Prone 82 Right 7th No No

4/F/64 Solid 26 3 RUL 68 27 Supine Right 1st No No

5/M/63 Solid 39 2 RLL 57 32 Prone 79 Right 7th No Yes

6/F/52 Solid 20 2 RLL 73 32 Prone 110 Right 8th No Yes

7/M/62 Subsolid 14 2 RUL 94 56 Supine Right 2nd No Yes

NA, not available; M, male; F, female.
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Discussion
Reports pertaining to embolization for 

active bleeding post-PTNB are currently lim-
ited. This study highlights the high technical 
feasibility and effectiveness of TAE for man-
aging hemodynamically unstable bleed-
ing complications following a PTNB, with a 
technical success rate of 100% and a clinical 
success rate of 86%. In the study cohort, the 

incidence of hemoptysis following a PTNB 
was 2.1%, which aligns with previously re-
ported ranges of 2.8%–6.1% post-PTNB.14-19 

Although post-PTNB hemoptysis is gener-
ally self-limited,20 it can sometimes be mas-
sive and life-threatening.21 The medical liter-
ature typically defines massive hemoptysis 
as an episode involving >600 mL of hemop-
tysis within a 24-h span. The medical man-
agement of hemoptysis involves addressing 

the underlying etiology and administering 
tranexamic acid, an antifibrinolytic drug.22 
In instances where hemoptysis cannot be 
managed conservatively, TAE represents a 
viable therapeutic alternative.5 

The incidence of hemothorax following 
a CT-guided PTNB is <0.1%; however, its oc-
currence is associated with substantial mor-
bidity and mortality.23,24 In the study patient 
group, hemothorax following a PTNB was 
observed in 0.08% of cases. One of these pa-
tients experienced a progressively worsen-
ing hemothorax and died despite interven-
tion. Vascular structures vulnerable to injury 
during a PTNB primarily include large central 
vessels and certain systemic arteries, such 
as the subclavian, axillary, internal thoracic, 
and intercostal arteries.25 Conventionally, the 
supracostal approach is the most frequently 
used and safest puncture route to circum-
vent intercostal artery injury during trans-
thoracic puncture. However, the dynamics of 
target lesion positions during respiration and 
a limited intercostal window may necessitate 
deviation from this approach. Additional-
ly, tortuosity is often observed among the 
third to eighth posterior intercostal arteries, 
increasing their exposure within the inter-
costal spaces in the first 6 cm from the spine, 
particularly in individuals over 60 years of 
age.26,27 Of the four patients in the study who 
were in a prone position during their PTNB 
procedures, the mean distance from the bi-
opsy site to the spinous process was 90.0 
mm. The puncture sites were located at the 
right seventh to eighth intercostal spaces in 
75% of these patients (3/4). Findings from a 
cadaveric study led to the recommendation 
that surgical instruments entering any of the 
third to eighth intercostal spaces should ide-
ally be placed at least 120.0 mm lateral to the 
midline of the spinous processes.27 Therefore, 
during such procedures, it is critical to con-
sider these anatomical principles, particular-
ly those concerning the intercostal arteries 
and collateral vessels. It is important to note 
that, given the high likelihood of tortuosity, 
supracostal puncture does not necessarily 
circumvent lacerations.

Diagnostic angiography is recommended 
when patients exhibit hemodynamic insta-
bility, progressively decreasing hemoglobin 
levels, or when follow-up CT scans demon-
strate evidence of bleeding.28 Even in in-
stances with seemingly normal aortograms, 
an attempt at selective catheterization of 
the bronchial arteries should be made, as 
bleeding may originate from vessels of stan-
dard diameter.29 A prior study confirmed 
complete clinical responses in patients who 

Figure 1. A 69-year-old man (no: 1) developed a hemothorax following a percutaneous thoracic needle 
biopsy (PTNB) of left pleural tissue.  (a, b) Computed tomography images obtained immediately after a 
PTNB showed a hemorrhagic pleural effusion with extravasation of contrast medium at the left 10th 
intercostal artery. (c) The left intercostal angiogram showed a definite pseudoaneurysm (arrow) and contrast 
extravasation (arrowhead) at the left 10th intercostal artery. (d) The bleeding focus was embolized using two 
microcoils, and the completion angiogram showed no further bleeding.

Table 3. Pre-, intra-, and post-procedural parameters and computed tomography findings

No/
sex/
age 
(years)

Nodule 
type

Nodule size 
(mm)

Biopsy 
number

Location Total 
depth 
(mm)

Depth 
from 
pleura 
(mm)

Position Distance 
from spinous 
process (mm)

Puncture 
site 
(intercostal 
space)

Pneumothorax Parenchymal 
hemorrhage

1/M/69 NA NA 4 Left 
hemithorax 28 5 Prone 89 Left 10th No No

2/M/74 Subsolid 32 3 LUL 48 26 Supine Right 3rd Yes Yes

3/F/50 Solid 80 3 RLL 52 40 Prone 82 Right 7th No No

4/F/64 Solid 26 3 RUL 68 27 Supine Right 1st No No

5/M/63 Solid 39 2 RLL 57 32 Prone 79 Right 7th No Yes

6/F/52 Solid 20 2 RLL 73 32 Prone 110 Right 8th No Yes

7/M/62 Subsolid 14 2 RUL 94 56 Supine Right 2nd No Yes

NA, not available; M, male; F, female.

a

c

b

d

Figure 2. A 74-year-old man (no: 2) with massive hemoptysis following a percutaneous thoracic needle 
biopsy (PTNB) for an adenocarcinoma in the left upper lobe. (a) Selective left bronchial angiogram showing 
tortuous branches (arrows) that supply a hypervascular area, and mass staining (arrowheads). Hypertrophied 
left bronchial artery was embolized with polyvinyl alcohol (355–500 um) and gelatin sponge particles. (b) 
Postembolization angiogram revealing occlusion of the left bronchial artery with no opacification of the 
hypervascular lesion (arrow).

a b
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underwent bronchial artery embolization 
with non-hypertrophied bronchial arteries.30 

In the present study, the angiograms of five 
patients exhibited evidence of bleeding; 
however, such evidence was absent for two 
patients. These two patients, without observ-
able active bleeding, underwent prophylac-
tic embolization of the intercostal arteries 
and the intercostobronchial trunk, respec-
tively, both achieving clinical success. 

Although instances of post-PTNB bleed-
ing are infrequent, when they do occur, they 
can prove fatal. Upon the onset of bleeding, 
the likelihood of hemostasis is contingent 
upon platelet function and coagulation 
activity.11 Patients suffering from chronic 
liver or kidney disease may exhibit hemor-
rhagic tendencies due to thrombocytope-
nia or platelet dysfunction.31 In the study 
cohort, three patients had chronic kidney 
disease, with one of them also having con-
current chronic liver disease and hepatocel-
lular carcinoma. However, no patient had a 
confirmed coagulopathy, which may have 
positively impacted the high technical and 
clinical success rates. A frequently occurring 
delayed onset (>24 h) of bleeding complica-
tions was observed in this study. All patients 
requiring immediate intervention post-PT-
NB presented with hemoptysis, whereas the 
three delayed-onset hemothorax cases dis-
played non-specific symptoms, such as dys-
pnea or chest pain. One of the three patients 
with delayed-onset hemothorax eventually 
succumbed to continuous bleeding despite 
the TAE. Therefore, educating patients about 
the signs and symptoms of bleeding is criti-
cal. Furthermore, close monitoring of clinical 
and radiologic characteristics is essential for 
the early identification of signs potentially in-
dicative of early or delayed bleeding.

When interpreting the results of the 
study, certain limitations should be taken 
into consideration. First, the data collection 
was retrospective; as such, some patients 
with delayed symptom onset may have been 
overlooked in the analysis. Second, a relative-
ly small number of patients underwent em-
bolization for post-PTNB bleeding. Given the 
low incidence of clinically significant bleed-
ing after a PTNB, this limitation was unavoid-
able despite the large pool of patients who 
underwent a PTNB. Third, a potential limita-
tion was the absence of standardized proto-
cols regarding the types of embolic materials 
and TAE techniques. 

In conclusion, TAE demonstrated a high 
technical success rate and clinical effective-
ness in managing patients who experienced 
bleeding post-PTNB.
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PURPOSE
This study investigates the usefulness of antegrade variceal embolization using sclerosant foam to 
evaluate technical success and clinical outcomes in cases of hypertensive variceal bleeding.

METHODS
A total of 16 patients underwent percutaneous antegrade variceal embolization using foam sclero-
therapy from August 2019 to January 2022. Among the patients, 12 cases were of gastroesophageal 
varices, two were rectal varices, and one case each was duodenal and jejunal varices, respectively. 
Sodium tetradecyl sulfate (STS) foam was used as a detergent for variceal bleeding sclerotherapy at 
various anatomical locations. The detergent was used in a foam form to promote clinical outcomes 
and enable the effective embolization of the entire blood vessel wall, including the ventral side, 
against gravity. Furthermore, STS foam could be used to help sufficiently deliver the drug to distal 
segments. A balloon catheter was also used to block the antegrade flow and prevent the dilution of 
the sclerosant. Technical success was defined as the completion of sclerotherapy for variceal bleed-
ing as planned before the procedure to achieve the disappearance of variceal bleeding. Clinical 
success was defined as the complete obliteration of varices without recurrent bleeding during the 
follow-up period after the procedure.

RESULTS
Technical success was 81.3%, and clinical success was 84.6%. Additionally, 15/16 of the procedures 
were emergencies, and there were no complications related to the procedure.

CONCLUSION
Antegrade foam sclerotherapy using 3% STS for variceal bleeding is clinically safe and effective. 
Moreover, antegrade foam sclerotherapy can be a useful treatment option for patients with active 
variceal bleeding in emergency cases.

KEYWORDS
Portal hypertension, variceal bleeding, percutaneous endovascular variceal embolization, foam 
sclerotherapy

You may cite this article as: Park GW, Choi SY, Kim YJ, Jeong J. Usefulness of antegrade foam sclerotherapy for portal hypertensive variceal bleeding.  
Diagn Interv Radiol. 2023;29(6):826-831.

Endoscopic management is the recommended first-line treatment for variceal bleeding. 
However, in a significant number of patients with variceal bleeding, the endoscopic ap-
proach may fail due to the patient’s unstable vital signs and difficulties in securing the vi-

sual field.1-4 In these cases, an alternative interventional treatment option, such as transjugular 
intrahepatic portosystemic shunt (TIPS) and balloon-occluded retrograde transvenous oblit-
eration (BRTO), should be considered. However, although the therapeutic results of TIPS are 
good, it cannot be performed in patients with hepatocellular carcinoma, and it carries the risk 
of complications such as encephalopathy.5-9 Conversely, BRTO is known to show a very safe 
and high success rate while compensating for the shortcomings of TIPS.10 Nevertheless, there 
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are some limitations to BRTO, e.g., it can only 
be performed when there is an accessible 
shunt through the systemic venous system, 
and without such a shunt, the procedure is 
not possible.

The drawbacks of BRTO can be partially 
overcome using an alternative method such 
as direct variceal embolization with an an-
tegrade approach. Percutaneous antegrade 
varix obliteration (PAVO) can, theoretically, 
permanently obliterate the varices and all 
feeding veins. It is performed by approach-
ing from the afferent vessels so as not to in-
crease the risk of variceal development.10,11 In 
addition, PAVO has the advantage of being 
able to quickly and easily access the bleed-
ing focus in patients with active bleeding.11

Most variceal embolization procedures 
using the antegrade approach have been 
performed using liquids such as an n-butyl 
cyanoacrylate (NBCA) mixture or several de-
tergents.4,12-14 For effective bleeding control, 
the embolic material must be well-delivered 
to the varix where bleeding is suspected. In 
the case of the NBCA mixture, there is a high 
possibility of embolization of only the prox-
imal segment of the selected blood vessel. 
Therefore, it is often difficult to deliver the 
NBCA mixture to the varix. This results in in-
sufficient varix embolization, leading to the 
failure of bleeding control or re-bleeding. 
Sclerotherapy using a sclerosant is effective 
for drug delivery along the bloodstream to 
the distal segment; however, the concentra-
tion of the drug is lowered as the blood flow 
and the drug are mixed, thus decreasing the 
effect of sclerotherapy. Additionally, due to 
gravity, there is less contact with the wall of 
the blood vessel on the ventral side among 
the blood vessel walls through which the 
drug passes. Therefore, the effect of liquid 

sclerotherapy may decrease. Furthermore, 
drug distribution to the branching vessels 
other than the main flow can decrease in 
the case of multiple branching vessels to 
the varices. These factors may eventually 
decrease the therapeutic effect of varix em-
bolization through the antegrade approach, 
which can potentially cause rebleeding.

Detergent agents have been used as scle-
rosing agents in a liquid or foam form. The 
effectiveness of foam sclerotherapy for varix 
bleeding control was first reported in BRTO.15 
According to this report, compared with liq-
uid sclerosants, a foam has several advantag-
es, including reducing the amount of sclero-
sant needed, maximizing the sclerotic effect 
by increasing the contact surface area with 
the wall of the varices, and providing even 
distribution of the sclerosing agent, thus 
decreasing the balloon inflation and proce-
dure times.12 Accordingly, to compensate 
for the shortcomings of liquid sclerosants, 
sodium tetradecyl sulfate (STS) was used as 
a detergent in a foam form to perform varix 
sclerotherapy for various variceal bleeding 
sites. Finally, this study aims to evaluate the 
clinical safety and effectiveness of the ante-
grade approach using foam sclerotherapy for 
variceal bleeding. 

Methods

Patients

Sixteen patients who were treated 
with PAVO for gastroesophageal varices or 
non-gastroesophageal varices between Au-
gust 2019 and January 2022 at Ewha Wom-
ans University Mokdong Hospital were ret-
rospectively evaluated. This patient group 
comprised 16 men with a median age of 58 
years (range, 38–66 years). Of these patients, 
12 had gastroesophageal varices, 2 had rec-
tal varices, 1 had duodenal varices, and 1 had 
jejunal varices. Additionally, 9 patients had 
a history of endoscopic treatment, such as 
endoscopic variceal ligation (EVL) or endo-
scopic injection sclerotherapy (EIS), 1 patient 
had received both endoscopic treatment 
and BRTO, and 1 patient had undergone liver 
transplantation a year before the procedure. 
Prior to the procedure, all patients under-
went enhanced computed tomography (CT) 
or endoscopy to evaluate the severity of the 
varices and the effectiveness of the proce-
dure (Figure 1a). All 16 patients underwent 
enhanced CT, and 13 patients underwent 
both endoscopy and enhanced CT. The clin-
ical characteristics of the patients are listed 
in Table 1.

Main points

•	 The usefulness of antegrade variceal embo-
lization using sclerosant foam to evaluate 
technical success and clinical outcomes in 
cases of hypertensive variceal bleeding was 
studied.

•	 Technical success was 81.3%, clinical suc-
cess was 84.6%, 15/16 procedures were 
emergencies, and there were no complica-
tions related to the procedure.

•	 Antegrade foam sclerotherapy using 3% so-
dium tetradecyl sulfate for variceal bleeding 
is clinically safe and effective.

•	 Antegrade foam sclerotherapy can be a use-
ful treatment option for patients with active 
variceal bleeding in emergency cases.

Figure 1. A 52-year-old man with gastroesophageal varices. (a) Endoscopy shows marked engorged 
gastroesophageal varices, grade GII (red color sign). (b) Antegrade venography through a transportal 
approach shows multiple gastric and esophageal varices (black arrow). Two branching vessels (white arrow) 
are denoted as feeding vessels to the varices. (c) Multiple varices (black arrow) are filled with foam sclerosant 
(3% sodium tetradecyl sulfate) under inflation by the balloon catheter (4Fr Fogarty catheter) (white arrow) 
at the coronary vein ostium. (d) Follow-up splenoportography after completing sclerotherapy shows the 
complete obliteration of previously noted gastric and esophageal varices. (e) Follow-up endoscopy nine 
days after percutaneous antegrade varix obliteration showing the complete thrombotic occlusion of a 
previously engorged varix with no red color.
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This retrospective study was approved 
by the Institutional Review Board of the 
Ewha Womans University Mokdong Hospital 
(EUMC 2022-05-044 2022-06-02) with a waiv-
er for informed patient consent.

Procedures

The approach to variceal bleeding was 
initiated employing either the percutaneous 
transhepatic or trans-splenic approach un-
der ultrasonographic and fluoroscopic guid-
ance using local anesthesia. The decision 
to access the liver or the spleen was based 
on the operators’ judgment at the time of 
the procedure. If liver function was main-
tained with no or a small amount of ascites, 
the transhepatic approach was considered 
first. Otherwise, the trans-splenic approach 
was used. Using a 22-gauge Chiba needle 
(Neff Percutaneous Access Set, Cook Medi-
cal, Bloomington, IN, USA), a percutaneous 
puncture of the intrahepatic portal or splen-
ic veins was performed. Then, a pre-flushed 
vascular sheath (6-Fr Balkin sheath; Cook 
Medical, Bloomington, IN, USA) was inserted 
through the portal or splenic veins. Portog-
raphy or splenoportography via the inserted 
sheath was performed to evaluate the feed-
ing vein, draining vein, and varix collaterals. 
Subsequently, a 5-Fr catheter (KMP; Cook 
Medical, Bloomington, IN, USA) was inserted 
to select the main antegrade feeding vessel 
and perform antegrade venography to eval-

uate the varix (Figure 1b). If the selection 
was successful, an occlusion balloon cath-
eter (4 or 5.5-F Fogarty catheter, Edwards, 
USA) was exchanged to occlude the main 
antegrade flow. Thereafter, a foam sclerosant 
was directly injected into the feeding veins 
to the entire varices through the occlusion 
balloon catheter under fluoroscopic guid-
ance (Figure 1c). If the main feeding vessel 
was too thin or too tortuous to insert the 
balloon catheter, the sclerosant was inject-
ed through the 5-F catheter directly or by a 
coaxially inserted microcatheter (1.9-F mi-
crocatheter, Progreat Lambda 19, Terumo, 
Tokyo, Japan). Thereafter, 3% fibrovein (STD 
Pharmaceutical Products Ltd, Hereford, UK) 
was used as a sclerosant. The foam sclerosant 
was prepared using the following double sy-
ringe system method:17 two 10 mL Luer-Lok 
syringes containing 3% STS, room air, and 
contrast media (Pamiray 300; Dongkook 
Pharm., Seoul, Korea) in a 1:2:1 ratio, respec-
tively. The syringes were then connected 
through a three-way stopcock and their con-
tents were mixed until a homogeneous foam 
was obtained. The approximate amount of 
3% STS used depended on the variceal vol-
ume determined by antegrade venography. 
The sclerosant injection was administered 
until drug filling was observed in both the 
feeding vein and the target varix on fluoros-
copy. Since the volume of the varix was too 
large, if an excessive amount was needed to 
fill the entire varix with STS, gelatin sponge 

particles (Caligel, 560–710 μm, Hangzhou 
Alicon Pharm SCI. & TEC. Co. Ltd., Hangzhou 
City, Zhejiang, China) were mixed and used 
together. When the operator judged that 
the sclerosant had been sufficiently injected, 
the contrast medium was manually injected 
through the catheter to evaluate whether 
there were any residual varices. If a residual 
varix was observed, the process of manually 
injecting the contrast medium after injecting 
an additional sclerosant was repeated. After 
finishing the infusion of the sclerosants, all 
the catheters used were slowly withdrawn 
after 30–60 minutes from the onset of infu-
sion. Portography or splenoportography was 
then again performed to assess the oblitera-
tion of the varices, and if any feeding veins re-
mained, the procedure was repeated to com-
pletely obliterate the varices (Figure 1d). In 
cases where the feeding vein was more than 
2–3 mm in diameter, proximal segment feed-
ing-vein embolization was performed using 
metallic materials such as coils. Finally, the 
puncture tract within the liver or spleen was 
embolized with an NBCA mixture and micro-
coils (Cook Medical, Bloomington, IN, USA).

During the procedure, each patient’s 
blood pressure, heart rate, electrocardio-
gram, and arterial oxygen saturation were 
monitored. Furthermore, prophylactic anti-
biotics were administered before the proce-
dure to prevent infection.

Table 1. Clinical characteristics of the 16 patients

Pt. no. Age 
(years)

Sex Etiology of LC Concomitant
malignancy

Location of the varix Past history of  
varix 
treatment

Endoscopic varix 
gradea

Pre-procedural 
imaging

1 65 M Alcohol No Gastroesophageal varix EVL GII, LmF2Cb, RC (+) CT, endoscopy

2 47 M Alcohol No Gastroesophageal varix EVL GII, LmF2Cb, RC (+) CT, endoscopy

3 54 M Alcohol No Gastroesophageal varix EVL GII, LsF2Cb, RC (+) CT, endoscopy

4 58 M HBV HCC Gastroesophageal varix EVL GIII, LsF3Cb, RC (+) CT, endoscopy

5 54 M Alcohol No Gastroesophageal varix No GII, LmF2Cb, RC (-) CT, endoscopy

6 65 M Alcohol No Gastroesophageal varix EVL GII, LmF2Cb, RC (-) CT, endoscopy

7 41 M Alcohol No Rectal varix No GII, RC (-) CT, endoscopy

8 62 M Alcohol No Duodenal varix No GI, LiF1Cb, RC (-) CT, endoscopy

9 38 M Alcohol No Gastroesophageal varix EVL, EIS, BRTO GI, LiF1Cb, RC (-) CT, endoscopy

10 66 M Non-B and non-C HCC Gastroesophageal varix No N/A CT

11 57 M Alcohol No Gastroesophageal varix EIS GIII, LsF3Cb, RC (+) CT, endoscopy

12 59 M Non-B and non-C No Jejunal varix No N/A CT 

13 60 M Alcohol No Gastroesophageal varix EVL GIII, LsF3Cb, RC (+) CT, endoscopy

14 58 M Alcohol No Rectal varix LT N/A CT

15 58 M Alcohol No Gastroesophageal varix EVL GIII, LsF3Cb, RC (+) CT, endoscopy

16 52 M HBV No Gastroesophageal varix No GII, RC (+) CT, endoscopy
aEsophageal and gastric varices were graded by the system presented in Tajiri et al.16   M, male; Pt. no., patient number; HBV, hepatitis B virus; LC, liver cirrhosis; HCC, hepatocellular 
carcinoma; EVL, endoscopic variceal ligation; EIS, endoscopic injection sclerotherapy; BRTO, balloon-occluded retrograde transvenous obliteration; LT, liver transplantation; CT, 
computed tomography; N/A, not applicable.



 

Antegrade sclerotherapy for variceal bleeding • 829

Patient follow-up

The medical records of the 16 patients 
were retrospectively reviewed for follow-up. 
The evaluation included the recurrence and 
bleeding of varices and the rate of surviv-
al. Moreover, the duration was measured 
in days from the procedure until the date 
of death, the most recent clinical visit, or a 
scheduled surgery, such as liver transplanta-
tion. Unless the follow-up examination was 
not possible due to the patient’s death, or 
if clinical departments considered the exam 
unnecessary, an endoscopic examination or 
contrast-enhanced CT was performed after 
the procedure to evaluate the obliteration of 
the varices (Figure 1e).

Technical success was defined as the 
completion of the sclerotherapy for variceal 
bleeding as planned before the procedure to 
achieve the disappearance of variceal bleed-
ing. If there was immediate variceal bleed-
ing after the procedure, it was regarded as a 
technical failure. Clinical success was defined 
as the complete obliteration of varices with-
out recurrent bleeding during the follow-up 
period from the procedure date. The recur-
rence and bleeding of varices were evaluated 
by endoscopic examination or contrast-en-
hanced CT after the procedure. Rebleeding 
from the varices was defined as the presence 
of hematemesis or melena with endoscopic 
visualization or confirmed bleeding from the 
varices in contrast-enhanced CT. Rebleed-
ing was considered significant only if the 
hemoglobin level dropped compared with 
previous values and a blood transfusion was 
required. Complications were defined as any 
untoward events that required active treat-
ment or prolonged hospitalization. Due to 
the small number of patients, no statistical 
analysis was performed.

Results
PAVO was performed in 16 patients using 

3% fibrovein. In all cases, the pre-procedural 
CT images showed no shunt available for ret-
rograde obliteration of the varices. Of the 16 
patients, 15 underwent emergency emboli-
zation due to acute bleeding from the varices 
and 1 (patient 13) had the procedure done 
for prophylaxis. 

Technical success was achieved in 13 of 
16 patients (81.3%); 3 of the 16 patients ex-
perienced recurrent bleeding during hospi-
tal admission (patients 2, 4, and 14 in Table 
2) and all 3 had massive variceal rebleeding 
immediately after the procedure and re-
ceived blood transfusions due to decreased 
hemoglobin levels. Patient 2 underwent liver 

transplantation 14 days after the procedure 
and died 38 days after the initial procedure 
due to multiorgan failure. Patient 4 showed 
melena 1 day after the procedure and died 
due to septic shock caused by spontaneous 
bacterial peritonitis. Patient 14 showed he-
matochezia immediately after the procedure 
and died due to hypovolemic shock and 
hepatorenal syndrome.

The transhepatic approach was used in 11, 
and the trans-splenic approach in 5 patients. 
The amount of 3% fibrovein used ranged 
from 4–50 mL (median, 15 mL). Additional 
embolization using gelatin sponge particles 
(Caligel) was performed in 11 patients, and 
an occlusion balloon catheter was used in 
12 patients. The median follow-up duration 
was 40 days (range, 1–702 days). The overall 
results are summarized in Table 2.

Among the 16 patients, 11 underwent fol-
low-up examination (1 underwent endosco-
py, 3 underwent CT scans, and 7 underwent 
both endoscopy and CT). However, 2 patients 
refused the follow-up examination (patients 
4 and 8), and 3 patients died before the fol-
low-up examination (patients 1, 5, and 10).

Clinical success was achieved in 11 of 13 
patients (84.6%). Among these 11 patients, 7 
with follow-up imaging showed a complete 
obliteration of varices with no recurrent 
bleeding during the follow-up period. In ad-
dition, 4/11 patients who did not undergo 
follow-up examinations did not have recur-
rent bleeding during the follow-up period 
(Table 2). Recurrent variceal bleeding was 
noted in 2 patients (patients 6 and 15). More-
over, patient 6 experienced two episodes of 
recurrent bleeding, the first occurring one 
year after the initial procedure and the sec-
ond occurring two years after the procedure. 
Both episodes were successfully controlled 
through a sequential treatment approach 
involving additional PAVO and EVL. Patient 
15 also experienced two episodes of recur-
rent bleeding, the first at 5 months and the 
second occurring 1 year after the initial pro-
cedure; the bleeding was also well controlled 
using PAVO and EVL, sequentially.

Recurrent bleeding also occurred in pa-
tients 3 and 16; however, it was unrelated to 
the variceal bleeding. Patient 3 developed 
hematemesis and melena 82 days after the 
embolization; however, only a gastric ulcer 
was noted in the endoscopy without evi-
dence of variceal bleeding. Patient 16 devel-
oped hypotension and hematochezia 6 days 
after the procedure; arterial bleeding was 
confirmed on CT angiography, and hemosta-

sis was achieved by performing trans-arterial 
embolization of the left gastric artery. There 
were no complications related to the proce-
dure in any of the patients.

Discussion
Variceal bleeding is a serious complica-

tion in patients with portal hypertension 
and is associated with high mortality. En-
doscopic treatments such as EIS or EVL are 
the first-line treatment options for variceal 
bleeding.2 In case of difficulties performing 
endoscopic treatment, the alternative treat-
ment is an endovascular procedure such as 
TIPS or BRTO.5,18,19 In patients with portal hy-
pertension, if clinical follow-up is good and 
endoscopic examinations are performed 
regularly, bleeding control can be achieved 
through scheduled procedures involving 
the above-mentioned treatment options in 
most cases. However, emergency bleeding 
situations may occur in patients who do not 
know their medical history or do not receive 
regular check-ups. These patients will expe-
rience sudden bleeding and are admitted 
to the hospital in an emergency situation. 
Most of these patients will exhibit unstable 
vital signs and active bleeding, making it dif-
ficult to achieve proper treatment in a short 
period, as the visual field cannot be secured 
endoscopically. There are many risks associ-
ated with the TIPS procedure as most of the 
patients were hemodynamically unstable. 
Therefore, in these emergencies, it is impor-
tant to target and treat the bleeding varix 
quickly using an endovascular method. If the 
varix has an accessible shunt, BRTO can be 
prioritized in these cases. Many studies have 
been published on successful hemostasis 
with BRTO for ruptured varices.20-22 However, 
if retrograde obliteration is difficult, as in the 
present study, PAVO may be an alternative 
and is considered one of the best hemostatic 
options for bleeding varices in emergencies. 
Therefore, in this study, 15 of 16 patients re-
ceived PAVO in an emergency situation.

Different from BRTO, various types of 
variceal bleeding can be controlled using an 
antegrade approach. In this study, emboli-
zation was performed using an antegrade 
approach through the portal or splenic vein 
to access various types of varices, including 
esophageal, gastric, duodenal, jejunal, and 
rectal varices.

Detergents have previously been used ei-
ther in a liquid or foam form in various vas-
cular embolization procedures.12,17,23-28 In this 
study, STS foam was used as a sclerosant. 
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The safety of using STS foam sclerothera-
py has been well-documented in previous 
studies.24-27,29 In addition, it is believed that 
the treatment effect was maximized, as the 
drug was sufficiently delivered to the varix, 
as embolization was performed using foam 
rather than a liquid. Foam sclerosant has low 
density, and its concentration is maintained 
along the bloodstream. It can be delivered 
not only in the main branch vessels but also 
in small branches and can be well-delivered 
to distal segments, providing even distribu-
tion of the sclerosing agent. Moreover, foam 
sclerosant is less affected by gravity; it can, 
therefore, contact the ventral side of the ves-
sel wall, maximizing the sclerotic effect by 
increasing the contact surface area with the 
variceal walls. Therefore, a foam sclerosant 
can provide an increased sclerotic effect with 
a reduced drug amount compared with a liq-
uid agent. For this reason, the results of the 
procedure were encouraging. In this study, 
81.3% technical and 84.6% clinical success 
was achieved. There were also no complica-

tions related to the procedure. These results 
may have been due to embolization using a 
safe sclerosant, performing the antegrade ap-
proach appropriately in an emergency situa-
tion, and, finally, using the sclerosant in foam 
form. Therefore, PAVO is considered a safe 
and effective procedure for various forms of 
variceal bleeding in emergency situations.

Although there have been limited stud-
ies comparing the recurrent bleeding rate 
of BRTO and PAVO, one study compared the 
recurrence of gastric varices and rebleeding 
rates among BRTO, percutaneous transhe-
patic obliteration (PTO), and combined BRTO 
and PTO. In that study, the gastric varix re-
currence and rebleeding rate were higher in 
PTO than in BRTO.30 However, the size of the 
PTO group was relatively smaller than the 
BRTO group (13 and 75 patients, respective-
ly), and an ethanolamine oleate solution with 
iopamidol was used as a sclerosing agent, 
which may have limited the comparability of 
that study’s results with those of the current 

study. Another study that used polidocanol 
foam in BRTO showed a technical success 
rate of 93.8% (15/16) and a clinical success 
rate of 91% (10/11).15

Although antegrade foam sclerotherapy 
showed effectiveness, this study has some 
limitations, including its retrospective design, 
small sample size, and the absence of long-
term follow-up results. A prospective study 
with a larger sample size is necessary to further 
evaluate the effectiveness of the approach.

In conclusion, the study results demon-
strate that antegrade foam sclerotherapy us-
ing 3% STS for variceal bleeding is clinically 
safe and effective. Additionally, antegrade 
foam sclerotherapy can be a useful treat-
ment option for patients with active variceal 
bleeding in emergency cases.
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Table 2. Overall results of percutaneous antegrade varix embolization

Pt. no. Approach 
vessel

Amount 
of STS 
(mL)a

Additional 
embolic 
material 
(varix)

Embolic 
material 
(feeder ostium)

Used catheter No. of 
feeding 
veins

Follow-up 
duration  
(procedure 
to 1st 
following 
imaging) 
(day)

Follow-up
imaging 
modality

Overall 
follow-up
duration 
(day)

Technical 
success

Clinical 
success

1 Portal vein 15 Gelfoam Microcoils 5.5-F balloon, 
5Fr catheter* 2 N/A None 4 Success Success

2 Portal vein 15 None Vascular plug Microcatheter 1 17 CT 38 Failure N/A

3 Portal vein 15 None Microcoils, 
NBCA mixture Microcatheter 1 6 CT, 

endoscopy 109 Success Success

4 Splenic vein 20 None No 4-F balloon 1 N/A None 17 Failure N/A

5 Splenic vein 5 Gelfoam No 4-F balloon 1 N/A None 1 Success Success

6 Portal vein 10 None No 4-F balloon 1 395 Endoscopy 702 Success Failure

7 Portal vein 5 Gelfoam No 4-F balloon 1 8 CT, 
endoscopy 353 Success Success

8 Portal vein 25 None No 5.5-F balloon 2 N/A None 12 Success Success

9 Splenic vein 15 Gelfoam No Microcatheter 3 24 CT, 
endoscopy 42 Success Success

10 Portal vein 15 Gelfoam No 5.5-F balloon 2 N/A None 2 Success Success

11 Splenic vein 15 Gelfoam No 4-F balloon 1 30 CT 49 Success Success

12 Portal vein 4 Gelfoam Microcoils Microcatheter 1 637 CT 645 Success Success

13 Portal vein 50 Gelfoam Microcoils 5.5-F balloon 2 28 CT, 
endoscopy 606 Success Success

14 Splenic vein 10 Gelfoam No 5.5-F balloon 1 10 CT, 
endoscopy 34 Failure N/A

15 Portal vein 6 Gelfoam No 4-F balloon 1 8 CT, 
endoscopy 633 Success Failure

16 Portal vein 6 Gelfoam No 4-F balloon 1 6 CT, 
endoscopy 19 Success Success

aRepresents a 3% STS concentration, not the total volume of the mixture. *A 5.5Fr balloon catheter was used in one feeding vein, and a 5Fr catheter was used in another feeding 
vein. Pt. no., patient number; STS, sodium tetradecyl sulfate; NBCA, N-butyl cyanoacrylate; 4Fr/5.5Fr balloon, 4-French/5.5Fr balloon catheter; CT, computed tomography; N/A, not 
applicable.
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Hepatocellular carcinoma (HCC) is among the world’s main causes of cancer-related 
deaths.1 Many patients (42%–50%) are diagnosed at late stages, with short overall sur-
vival (OS) of only 4.2–7.9 months due to a lack of effective treatment. In recent years, 

the explosive development of systemic therapies has brought about increased treatment op-
portunities for patients with advanced HCC. However, the results have not been consistently 
effective, and significant side effects have been recorded.2-5 

Hepatic arterial infusion chemotherapy (HAIC) has been widely approved as a monother-
apy or combination therapy for treating patients with advanced HCC in East Asian countries. 

Phan Nhan Hien 
Ho Jong Chun 
Jung Suk Oh 
Su Ho Kim 
Byung Gil Choi 

PURPOSE
To compare tumor perfusion on cone-beam computed tomography (CBCT) after hepatic artery in-
fusion port implantation with the tumor response to hepatic arterial infusion chemotherapy (HAIC) 
in patients with hepatocellular carcinoma (HCC).

METHODS
This retrospective study was conducted in patients with advanced HCC treated with HAIC from 
2015 to 2020. We performed CBCT with contrast injection via a port on the day following implan-
tation. We classified tumor perfusion on CBCT into three groups: hyperperfusion, isoperfusion, and 
hypoperfusion. We also evaluated tumor response to HAIC on follow-up images using RECIST 1.1 
and compared it with tumor perfusion on CBCT. 

RESULTS
This study included 206 tumors in 193 patients (mean: 60.5 years) with HCC. There were 100 hyper-
perfusion tumors (48.5%), 92 isoperfusion tumors (44.7%), and 14 hypoperfusion tumors (6.8%). 
The tumor response to HAIC included 10 tumors with a complete response (CR) (4.9%), 66 tumors 
with a partial response (32%), 60 tumors with stable disease (29.1%), and 70 tumors with progres-
sive disease (34%). Hyperperfusion tumors had a 65% objective response rate (ORR) and a 92% dis-
ease control rate (DCR). Isoperfusion tumors had a 12% ORR and a 46.8% DCR, while hypoperfusion 
tumors had a 0% ORR and a 7.1% DCR. A CR was shown only in hyperperfusion tumors. The ORR and 
DCR of the three groups were different, with statistical significance (P < 0.001). 

CONCLUSION
Hyperperfusion tumors on CBCT showed a better tumor response to HAIC, with a 65% ORR in pa-
tients with HCC. Tumor perfusion on CBCT after implantation of the hepatic arterial infusion port 
was associated with the tumor response to HAIC.

KEYWORDS
Cone-beam CT, hepatic arterial infusion chemotherapy, hepatocellular carcinoma, tumor perfusion, 
tumor response	
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The practical guidelines for HCC treatment in 
these countries recommend HAIC for treat-
ing patients with HCC and portal vein tumor 
thrombosis (PVTT) and for HCCs refractory to 
transarterial chemoembolization (TACE).6-8 
The primary purpose of HAIC treatment is to 
transport high concentrations of chemother-
apeutic agents to tumors; accordingly, the 
distribution of such agents via infusion ports 
directly affects tumor responses.9 Although 
there have been several studies on the distri-
bution of chemotherapeutic agents in tum-
ors after the placement of a HAIC port, none 
have investigated the relationship between 
this tumor perfusion and tumor response 
after treatment.10-12 In our study, the contrast 
distribution pattern on cone-beam comput-
ed tomography (CBCT) after the insertion 
of a HAIC port was evaluated the day after 
port insertion to assess the relationship be-
tween tumor perfusion on CBCT and tumor 
response to HAIC treatment.

Methods

Patients

This retrospective study’s protocol was 
approved by Seoul St. Mary’s Hospital’s In-
stitutional Review Board (approval number: 
KC22RISI0706). Due to the study’s design, 
we were permitted to remove the require-
ment for patient consent. Our study collect-
ed data on patients treated with HAIC from 
January 2015 to December 2020. HAIC was 
performed in patients with HCC plus PVTT 
or refractory TACE and in those unsuitable 
for local therapies because of tumor spread 
in both hemilivers. In this study, the inclusion 
criteria included the following: (a) patients 
who had undergone at least two cycles of 
HAIC after insertion, (b) age ≥18 years, (c) 
patients with full pre- and post-treatment 

images [CT or magnetic resonance imaging 
(MRI)], (d) contrast-enhanced CBCT per-
formed on the day following implantation, 
and (e) patients presenting with at least one 
measurable hepatic lesion. The exclusion 
criteria included (a) patients with Barcelona 
Clinic Liver Cancer (BCLC) grade D, (b) those 
with a  insufficient pre- and post-treatment 
images (CT or MRI), (c) those without CBCT 
after HAIC port implantation, (d) patients 
who underwent TACE or other local therapies 
combined with HAIC simultaneously, and (e) 
patients with fewer than two HAIC cycles 
after port implantation. All tumors were di-
agnosed as HCC based on biopsy or imaging 
criteria CT and/or MRI combined with tumor 
markers.

Procedures

The procedure was performed by two in-
terventional radiologists with over 10 years 
of experience. With the patient under local 
anesthesia, the procedure was performed via 
the right femoral artery or the left subclavian 
artery. The Seldinger technique was utilized 
to puncture the common femoral artery us-
ing a guide wire (Terumo, 0.035-inch diame-
ter) and an Angiocath 18G catheter. Selective 
angiography was performed on the celiac ar-
tery, superior mesenteric artery, and the ex-
trahepatic arteries feeding the tumor [right 
inferior phrenic artery (RIPA), internal mam-
mary artery, etc.]. Before the infusion port 
was inserted, the collateral branches from 
the extrahepatic arteries were embolized to 
increase the effectiveness of the treatment. 
The left gastric artery was embolized by a 
pushable microcoil (Tornado, Cook, USA) or 
detachable microcoils (Concerto, Medtron-
ic, USA) to prevent the reflux of chemother-
apeutic agents into the stomach during 
treatment. Following the placement of a 
port catheter (Celsite® port and catheters, B. 
Braun Medical, USA) in the common hepat-
ic artery, the distal end of the catheter was 
fixed to the gastroduodenal artery using mi-
crocoils (Concerto, Medtronic, USA). Sixteen 

patients had variant hepatic artery anatomy, 
with each main blood supplying artery in 
both hemilivers; therefore, two ports were 
required.12 To prevent catheter occlusion af-
ter each cycle of HAIC therapy, 3,000–5,000 
units of heparin were packed into the port 
chamber and catheter. 

On the day following implantation, we 
routinely performed CBCT with contrast 
enhancement to evaluate both port perfor-
mance and contrast distribution. Contrast 
media (Visipaque 270, GE Healthcare, USA) 
was infused via the port. A CT scan was start-
ed 40 sec after the injection of 40 mL of con-
trast media at a rate of 1 mL/sec. 

Tumor perfusion

We classified contrast perfusion of the 
tumor on CBCT into the following three per-
fusion types: (1) hyperperfusion type: the 
tumor was more contrast-enhanced than the 
rest of the hepatic parenchyma; (2) isoperfu-
sion type: the tumor enhancement was ho-
mogeneous and indistinguishable from the 
rest of the hepatic parenchyma; (3) hypop-
erfusion type: the tumor had less contrast 
enhancement than the remaining hepatic 
parenchyma or no enhancement on CBCT 
(Figure 1). In each patient, each tumor per-
fusion type was selected based only on the 
largest tumor that could be measured. 

Chemotherapy

We adopted the following chemother-
apy protocol for HAIC: an epirubicin–cis-
platin-5-fluorouracil (ECF) chemotherapy 
regimen was repeated approximately every 
month. The ECF chemotherapy regimen con-
sisted of 35 mg/m2 of epirubicin on day 1, 60 
mg/m2 of cisplatin over 2 hours on day 2, and 
500 mg/m2 of 5-fluorouracil over 5 hours on 
days 1 to 3.

Tumor response

Contrast-enhanced CT or MRI was per-
formed after every two cycles of HAIC before 

Main points

•	 Tumor perfusion on cone-beam computed 
tomography after the implantation of a he-
patic arterial infusion port was associated 
with the tumor’s response to hepatic arterial 
infusion chemotherapy (HAIC).

•	 The hyperperfusion tumor had the best 
tumor response. A complete response was 
shown only in hyperperfusion tumors.

•	 Most hypoperfusion tumors exhibited dis-
ease progression following treatment with 
HAIC. Hypoperfusion-type tumors were 
found predominantly in patients with he-
patic artery anatomical variations or extra-
hepatic circulation that specifically involved 
the right inferior phrenic artery supplying 
the tumor.

Figure 1. Tumor perfusion type on cone-beam computed tomography. (a) Hyperperfusion type: the right 
hepatic tumor must be more enhanced with contrast media than the remaining hepatic parenchyma. (b) 
The isoperfusion-type tumor and hepatic parenchyma are heterogeneous, with no difference between the 
tumor and the normal hepatic parenchyma. (c) A hypoperfusion type observed at the posterior segment 
without contrast enhancement. 

a b c
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initiating the next cycle, with each cycle re-
peated every month. We used the Response 
Assessment Criteria in Solid Tumors (RECIST) 
version 1.1 instead of the modified RECIST  
guideline because the latter is unsuitable 
for use in cases of infiltrative tumors.13-15 We 
selected the best overall tumor response to 
assess tumor response in comparison with 
tumor perfusion. The best overall tumor re-
sponse was defined as the most favorable 
response observed from the start of HAIC 
treatment until the final follow-up time point 
collected for each patient. The overall re-
sponse rate (ORR) was defined as a complete 
response (CR) or a partial response (PR). The 
disease control rate (DCR) was defined as CR, 
PR, and stable disease (SD).

Statistical analysis

We expressed data for continuous vari-
ables as means ± standard deviations and 
data for categorical variables as frequencies. 
Fisher’s exact test or the chi-squared test was 
used to compare tumor responses between 
groups. A value of P ≤ 0.05 was regarded as 
significant. Statistical analyses were conduct-
ed using SPSS v.25.0 software (IBM Corp, Ar-
monk, NY, USA).

Results
We collected data between January 

2014 and December 2021. A total of 193 
patients with 206 tumors were selected, 
and the patients’ characteristics are summa-
rized in Table 1. The mean age was 60.5 ± 
10.4 years (26–89 years), 171 patients were 
male (88.6%), and 22 patients were female 
(11.4%). A total of 145 patients were infect-
ed with hepatitis B (75.1%). The majority of 
patients were Child–Pugh stage A or B, with 
153 patients at Child–Pugh stage A (79.3%). 
In our study, 180 patients were BCLC stage C 
(93.3%). One hundred seventy-two patients 
had PVTT (89.1%), of which 82 patients had 
PVTT in both hemilivers (42.5%). There were 
121 patients (62.7%) with infiltrative tumors 
and 30 patients (15.5%) with solitary tumors.

The technical characteristics of HAIC and 
tumor perfusion on CBCT after port implan-
tation are summarized in Table 2. Among the 
193 patients with HAIC were 43 patients with 
hepatic arterial variations, of which 16 pa-
tients had dual ports inserted. The predom-
inant anatomical variant observed was the 
right hepatic artery originating from the su-
perior mesenteric artery in 29 patients (15%). 
All patients received contrast-enhanced 
CBCT on the day following port implantation.

Table 1. Basic characteristics of the patients

Characteristic Value n (%)

Age (years) ± standard deviation 60.5 ± 10.4

Gender

Male 171 (88.6)

Female 22 (11.4)

Cause of cirrhosis

HBV 139 (72)

HCV 9 (4.7)

HBV + HCV 5 (2.6)

Alcohol 6 (3.1)

Child–Pugh class

A 153 (79.3)

B 39 (20.2)

C 1 (0.5)

BCLC class

A 0 (0)

B 13 (6.7)

C 180 (93.3)

PVTT

No 21 (10.9)

Segmental 20 (10.4)

Lobar 70 (36.3)

Bilobar 82 (4.5)

HCC type

Multifocal nodular 42 (21.8)

Focal massive 30 (15.5)

Infiltrative 121 (62.7)

HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor 
thrombosis; HCC: hepatocellular carcinoma.

Table 2. Features of port implantation and tumor classification

Characteristic Value n (%)

Hepatic artery variations 

No 150 (77.7)

Yes 43 (22.3)

Number of ports

Mono 177 (91.7)

Dual 16 (8.3)

Tumor perfusion type

Hyperperfusion 100 (48.5)

Isoperfusion 92 (44.7)

Hypoperfusion 14 (6.8)

Best tumor response

CR 10 (4.9)

PR 66 (32)

SD  60 (29.1)

PD 70 (34)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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The perfusion of 206 tumors was analyz-
ed after CBCT, of which 100 were hyperper-
fusion tumors (48.5%), 92 were isoperfusion 
tumors (44.7%), and 14 were hypoperfusion 
tumors (6.8%). There was no association be-
tween tumor perfusion types after CBCT and 
the number of ports (P = 0.114) or hepatic 
arterial variations (P = 0.427) (Table 3). The 
most common locations for hypoperfusion 
tumors were in the posterior segment and 
the left hemiliver. Among the patients with 
hypoperfusion tumors, we encountered nine 
cases of variant hepatic arterial anatomy. In 
six of these patients, RIPA embolization was 
not performed prior to port implantation 
for hepatic perfusion redistribution, and in 
one case, a significant arterial portal venous 
shunt was identified within the right hepatic 
artery. 

Tumor response and the relationship 
with tumor perfusion on CBCT: there were 
10 tumors with a CR (4.9%), 66 tumors with 
a PR (32%), 60 tumors with SD (29.1%), and 
70 tumors with PD (34%). Seventy-six tum-
ors had an ORR of 36.9%, and 136 tumors 
had a DCR of 66%. Tumor response differed 
according to tumor perfusion on CBCT: the 
CR, PR, SD, and PD values in the hyperperfu-
sion tumor group were 10%, 55%, 27%, and 
8%, respectively; the values in the isoperfu-
sion tumor group were 0%, 12%, 34.8%, and 
53.2%, respectively; and the values in the 
hypoperfusion tumor group were 0%, 0%, 
7.1%, and 92.9%, respectively (Figure 2). The 
hyperperfusion tumor group had a 65% ORR 
and a 92% DCR, the isoperfusion group had 
a 12% ORR and a 46.8% DCR, and the hypop-
erfusion group had a 0% ORR and a 7.1% 
DCR. All (100%) tumors with CR were of the 
hyperperfusion type. The ORR and DCR val-
ues among the three groups were different, 
with statistical significance (P < 0.001) (Table 
3). There was no difference in ORR between 
the isoperfusion and hypoperfusion groups 
(P = 0.171); however, the DCR of these two 
groups differed (P = 0.007).

Discussion
The factors affecting the OS of patients 

treated with HAIC include patients’ status 
according to the Child–Pugh score, BCLC 
stage, the classification of PVTT, and tumor 
size and number. HCC with infiltrative char-
acteristics or rim-like enhancement indicates 
a poor prognosis.13,14 Several studies have 
shown that the response of a tumor to HAIC 
is related directly to OS. According to Kim et 
al.13,  when tumor did not initially respond to 
HAIC, which indicated a poor prognosis. The 
early prediction of tumor response based on 

tumor perfusion assessment immediately 
after HAIC port placement can facilitate the 
timely selection of optimal combined treat-
ments or alternative therapies for tumors 
with poor response prognoses.

The initial tumor response to HAIC de-
pends on a tumor’s histological differenti-
ation, its invasion and metastasis, and the 
distribution of chemotherapeutic agents 
within the tumor. The initial response assess-

ment is usually performed after at least two 
cycles of HAIC.13 The purpose of HAIC is to 
concentrate chemotherapeutic agents in the 
tumor rather than in the normal parenchy-
ma, which increases the tumor’s response to 
chemotherapy and reduces the side effects 
of chemotherapy on the normal liver paren-
chyma. To evaluate the distribution of chem-
otherapeutic agents in the liver parenchyma, 
several studies used the injection of tech-

Table 3. Comparative analysis of tumor perfusion types

Tumor perfusion type Hyperperfusion Isoperfusion Hypoperfusion P

HCC type

Multifocal nodular
Focal massive
Infiltrative

23 (23)
17 (17)
60 (60)

20 (21.7)
12 (13)
60 (65.2)

2 (14.3)
3 (21.4)
9 (64.3)

0.833

PVTT

No
Segmental
Lobar
Bilobar

14 (14)
13 (13)
41 (41)
32 (32)

8 (8.7)
7 (7.6)
29 (31.5)
48 (52.2)

0 (0)
1 (7.1)
4 (28.6)
9 (64.3)

0.065

Hepatic artery variations

No
Yes

81 (81)
19 (19)

68 (73.9)
24 (26.1)

8 (57.1)
6 (42.9) 0.114

Number of ports

Mono
Dual

93 (93)
7 (7)

81 (88)
11 (12)

12 (85.7)
2 (14.3) 0.427

Best tumor response

CR
PR
SD
PD

10 (10)
55 (55)
27 (27)
8 (8)

0 (0)
11 (12)
32 (34.8)
49 (53.2)

0 (0)
0 (0)
1 (7.1)
13 (92.9)

P < 0.001

ORR (%) 65 12 0 P < 0.001

DCR (%) 92 46.8 7.1 P < 0.001

HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombosis; CR, complete response; PR, partial response; 
SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate.

Figure 2. Comparison of tumor response in tumor perfusion types. CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease.
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netium-99m-labeled macroaggregated al-
bumin via a port followed by single-photon 
emission CT. This method accurately deter-
mined chemotherapeutic agent distribution 
throughout the liver parenchyma.10,11 Seki et 
al.16 utilized slow-infusion MR arteriography 
to reflect the actual distribution of infused 
drugs. Meanwhile, CBCT can be performed 
following port implantation to check the 
port’s function and detect the recanalization 
of embolized arteries and new anastomoses 
that could prevent chemotherapeutic agents 
from spreading to the surrounding organs, 
especially the stomach. Additionally, CBCT 
has been used following TACE to predict 
tumor response and prognosis and guide 
subsequent investigations.17,18 As in some 
previous studies that have utilized CBCT to 
analyze perfusion patterns after port implan-
tation, the technique may be useful for pre-
dicting tumor response to HAIC.19,20

In the present study, contrast-enhanced 
CBCT showed three tumor perfusion types, 
including 100 hyperperfusion tumors 
(48.5%), 92 isoperfusion tumors (44.7%), 
and 14 hypoperfusion tumors (6.3%). Ikeda 
et al.11 classified intrahepatic perfusion into 
six groups according to lobes and segments, 
with three main types: homogeneous distri-
bution, hyperperfusion, and perfusion de-
fect. This classification method is similar to 
our method for classifying tumor perfusion 
types. The tumor responses in our study var-
ied on CBCT according to the different types. 
Figure 2 shows a better tumor response in 
the hyperperfusion group (65% ORR, 92% 
DCR); the isoperfusion type had a 12% ORR 
and a 46.8% DCR, while the hypoperfusion 
type had a 0% ORR and a 7.1% DCR. A CR was 
demonstrated only in the hyperperfusion 
group (Figure 3). The ORR and DCR values of 
the three groups were significantly different 
(P < 0.001). There was no difference in ORR 
between the isoperfusion and hypoperfu-
sion groups (P = 0.171); however, the DCR 
of these two groups differed significantly (P 
= 0.007). Unlike in our study, where all pa-
tients had HCC, Ikeda et al.11 conducted their 
study on a heterogeneous group of patients, 
including those with primary and secondary 
liver tumors. They suggested that the homo-
geneous type had the best prognostic char-
acteristics for HAIC for liver malignancies and 
was better than the hypoperfusion type and 
the perfusion defect type.11

We identified 14 tumors as the hypoper-
fusion type, and 13 out of those 14 tumors 
(92.9%) exhibited PD following HAIC treat-
ment (Figure 4). Hypoperfusion-type tumors 
were found predominantly in patients with 

Figure 3. A 55-year-old male with hepatitis B virus, a Child–Pugh score of 5A, and refractory TACE. (a) An 
infiltrative right hepatic tumor with right portal vein tumor thrombosis. (b) Hepatic angiography via port 
when treated with hepatic arterial infusion chemotherapy (HAIC). (c) Contrast-enhanced cone-beam 
computed tomography (CT) on the day after port implantation: a right hyperperfusion tumor. (d) Follow-up 
contrast CT after five cycles of HAIC showing a complete response.  TACE, transarterial chemoembolization.

a b

c d

Figure 4. A 75-year-old male with hepatitis C virus and a Child–Pugh score of 7B. (a) Computed tomography 
(CT) image with multiple hepatocellular carcinoma nodes focusing mainly on the left hepatic lobe and 
the right posterior hepatic segment. (b) Hepatic angiography via port when treated with hepatic arterial 
infusion chemotherapy (HAIC). (c) Cone-beam CT on the day following port implantation: Hypoperfusion 
of the tumor was observed in the posterior segment and a segment of the left lobe located adjacent to the 
spleen, with isoperfusion tumors in the remaining liver parenchyma. (d) Follow-up contrast CT after four 
cycles of HAIC: the hypoperfusion tumor increased in size (progressive disease). A left hepatic tumor of the 
isoperfusion type, with decreased size and no enhanced-contrast media (partial response).

a

c

b

d
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hepatic artery anatomical variations or extra-
hepatic circulation that specifically involved 
the RIPA supplying the tumor. Yamagami et 
al.9 reported that for patients with multiple 
hepatic arteries, redistribution was achieved 
by a single HAIC port implantation in the 
main artery and occluding the remaining 
arteries, thus maintaining the distribution 
of chemotherapeutic agents throughout the 
liver parenchyma. The authors also suggest-
ed that embolization of the RIPA is necessary 
to achieve the best distribution pattern.9 
Kobe et al.20 reported that in patients with 
hepatic artery variants with a single port, 
redistribution after port placement did not 
alter the differences in reperfusion or change 
the tumor response to HAIC treatment when 
comparing both hemilivers. Kim et al.19 also 
reported that patients with hepatic artery 
anatomical variations and two main blood 
supply sources could be implanted with dual 
ports, although there was no statistically 
significant difference in tumor response be-
tween monoport and dual-port groups.

Two limitations affected the present 
study. First, we used contrast injection on 
CBCT (1 mL/sec of contrast agent for 40 sec) 
to simulate the actual distribution of chem-
otherapeutic agents during HAIC as closely 
as possible; however, this injection condition 
still differed from the actual distribution of 
chemotherapeutic agents delivered via a 
port. Furthermore, the difference in viscos-
ity between the contrast media and chem-
otherapeutic agents used may have led to 
discrepancies in the results. Second, the 
image quality on CBCT was not as good as 
that of conventional CT scanners, which may 
have reduced the accuracy of the evaluation. 
However, the utilization of CBCT following 
intervention has become increasingly preva-
lent and convenient in medical practice.

In conclusion, the hyperperfusion tumor 
type on CBCT had the best tumor response 
to HAIC, with a 65% ORR and a 92% DCR; of 
these, 10 tumors (10%) had a CR after HAIC 
treatment in patients with HCC. Tumor per-
fusion on CBCT after the implantation of a 
HAIC port in patients with HCC was associ-
ated with tumor response in HAIC-treated 
patients.
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Alper Göncüoğlu............................................... 414
Ambarish P. Bhat................................................ 794
Amgad M. Moussa............................................ 542
Amin Moshksar.................................................. 146
Amit Deshpande................................................ 138
Amro Saad Aldine............................................. 529
An Na Seo............................................................. 109
An-Qi Zheng........................................................ 195
Ana Félix..................................................................18
Ana S. Alves.............................................................. 9
Andrew England................................................ 555
Angelo G. Marino.............................................. 733
Annouschka Laenen......................................... 331
Antoine Hakime................................................. 609
Antônio Rahal Junior........................................ 628
Apoorva Gogna.................................................. 318
Aras Emre Canda................................................ 219
Arianna Nivolli.................................................... 117
Arsalan Saleem................................................... 146
Arzu Özsoy........................................................... 579
Ashwin Deshmukh............................................ 638
Aslı Suner.............................................................. 579
Assala Aslan......................................................... 529
Atilla H. Çilengir................................................. 373
Atsushi Saiga....................................................... 161
Ayberk Sinci......................................................... 373

Aygül Elmalı......................................................... 212
Ayşe Altınok......................................................... 761
Ayşe Erden..................................................414, 428
Ayşe Keven........................................................... 212
Ayşe Murat Aydın.............................................. 579
Ayşe Rüksan Ütebey.................................. 80, 410
Ayşegül Cansu.................................................... 414
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Ezgi Güler............................................................. 414
F. Demir Apaydın............................................... 414
Fadime Güven..................................................... 276
Fan Zhang............................................................ 548
Fatih Alper............................................................ 414
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Zümre Arıcan Alıcıkuş...................................... 219    

2023 Author Index



 (18F)-FDG PET/CT............................................... 548
(68)Ga-PSMA PET/CT........................................ 647
3-D.......................................................................... 713
Abdomen............................................................. 414
Abdominal aorta............................................... 414
Abdominal aortic aneurysm.......................... 331
Ablation....................................167, 318, 628, 800
Abscess.................................................................. 309
Absolute ethanol............................................... 621
Active extravasation......................................... 632
Adrenal.................................................................. 640
Adrenal adenoma.............................................. 234
Adrenal glands................................................... 234
Adrenal mass....................................................... 234
Advanced filter retrieval.........................500, 638
Advanced modeled iterative  
reconstruction.................................................... 268
Advanced prostate cancer................................29
Air embolism....................................................... 478
Albumin-to-globulin ratio.............................. 520
Aldosteronism.................................................... 640
Alveolar echinococcosis.................................. 736
Aneurysm...................................................... 68, 350
Angiocardiography........................................... 138
Angiogenesis...................................................... 704
Angiography..............................................713, 819
Angiomyolipoma............................................... 170
Anthropomorphic phantom......................... 555
Anticoagulant therapy.................................... 733
Arteriosclerosis................................................... 414
Artery..................................................................... 713
Artifact..........................................................175, 719
Artificial intelligence........................40, 260, 460
Atherosclerosis................................................... 175
Autologous.......................................................... 596
Axillary artery...................................................... 117
Axillary lymph node metastasis................... 469
B3 lesions.............................................................. 579
Balloon anchor technique.............................. 161
Balloon angioplasty.......................................... 535
Balloon-occluded transcatheter arterial 
chemoembolization......................................... 161
Benign................................................................... 183
Benign endometrium lesions....................... 183
BI-RADS category.............................................. 469
Biliary stent.......................................................... 509
Biliary system...................................................... 367
Biopsy.................................................................... 800
Bladder.................................................................. 412
Bone....................................................................... 190
Bowel........................................................................24
Brain ...................................................................... 664

Breast............................................................260, 761
Breast cancer.......... 53, 244, 251, 469, 579, 588
Budd-Chiari syndrome.................................... 428
Cancer........................................109, 205, 260, 412
Cancer-specific survival................................... 520
Cardiac................................................................... 268
Cardiac catheterization......................................68
Cardiac function................................................ 548
Cardiac magnetic resonance......................... 682
Cardiac magnetic resonance imaging....... 276
Cardiology............................................................ 202
Cardiopulmonary resuscitation................... 548
Catheter............................................. 138, 309, 367
Catheter angiography............................138, 331
Celiac trunk morphology................................ 161
Cellular fibroadenoma..................................... 674
Chest phantom.................................................. 691
Chronic allograft damage index.................. 212
Chronic total occlusion................................... 492
Chyle leak............................................................. 326
Cine MRU................................................................... 1
Cirrhosis.......................................................146, 410
Combination therapy....................................... 805
Combine............................................................... 342
Combined therapy............................................ 805
Common hepatic artery insertion............... 161
Comparative study............................................ 805
Complex fibroadenoma.................................. 674
Complex filter retrieval.................................... 500
Complicated fibroadenoma.......................... 674
Complications..................................................... 318
Computed tomography..........................................
18, 80, 109, 117, 155, 228, 234, 283, 379, 390, 
402, 414, 561, 563, 596
Computed tomography  
angiography........................................68, 175, 268
Cone-beam computed tomography.......... 713
Cone-beam CT................................................... 832
Congenital........................................................... 410
Congenital heart disease...................................68
Contrast................................................................ 640
Contrast agents.................................................. 244
Contrast enhanced ultrasound.................... 469
Contrast enhancement................................... 228
Contrast-enhanced spectral  
mammography.................................................. 244
Contrast-enhanced ultrasound.................... 632
Conventional....................................................... 251
Conventional scoring balloon...................... 535
Conventional ultrasound................................ 469
Core needle biopsy........................................... 579
Coronary artery.................................................. 202
Coronary artery disease........................... 68, 202

COVID-19............................. 53, 91, 103, 414, 563
COVID-19 pandemic......................................... 373
Crohn’s disease............................................ 24, 437
Cryoablation........................................................ 167
Cryoneurolysis.................................................... 614
Cryotherapy......................................................... 800
CT	............................... 24, 291, 309, 373, 640, 800
CT angiography........................................202, 331
CT-guided PTNB................................................. 478
Cutting balloon.................................................. 535
DECT..............................................................103, 736
Deep learning.............................................. 40, 437
Deep learning reconstruction...................... 664
Deep neural network....................................... 588
Deep vein thrombosis............................638, 733
Diagnosis...........................68, 190, 202, 410, 561
Diffusion............................................................... 664
Diffusion weighted imaging......................... 428
Diverticulum..........................................................68
DLP......................................................................... 736
Dobhoff tube...................................................... 710
Doppler ultrasound.......................................... 212
Dose reduction strategies.............................. 268
Double-J stent.................................................... 312
Drug-coated balloon........................................ 535
Dual-energy computed tomography........ 276
Echo-planar imaging........................................ 786
Echocardiogram....................................................68
Economic evaluation....................................... 492
Embolectomy..................................................... 794
Embolism................................................................68
Embolization...........................170, 326, 331, 542
Emergency........................................................... 300
Emergency radiology....................................... 117
Endoleak............................................................... 331
Endometrial cancer.......................................... 183
Endovascular treatment................................. 535
Enteer®.................................................................. 492
Entrance surface dose..................................... 555
Entropy.................................................................. 682
Epilepsy................................................................. 396
ethanol.........................................................170, 342
Femoro- popliteal.............................................. 492
Femoropopliteal lesions................................. 535
Field of view........................................................ 555
Filter....................................................................... 638
Flouroscopy......................................................... 710
Flow diverter....................................................... 350
Fluoroscopy................................................309, 813
Foam sclerotherapy.......................................... 826
Follicular phase.................................................. 656
Follow-up............................................................. 103

2023 Subject Index



Fragility index..................................................... 529
FRED....................................................................... 350
Gallbladder.......................................................... 367
Gastric cancer..................................................... 228
Gastric varices..................................................... 146
Gastrojejunostomy........................................... 710
Gastropexy........................................................... 813
Gastrostomy........................................................ 813
Genicular artery embolization...................... 614
Glucose metabolism........................................ 548
Goiter..................................................................... 628
HCC......................................................................... 609
Hematoma........................................................... 632
Hemoptysis.................................................713, 819
Hemorrhage........................................................ 155
Hemothorax........................................................ 819
Hepatic.................................................................. 563
Hepatic arterial infusion chemotherapy... 832
Hepatic tumors................................................... 318
Hepatocellular carcinoma.342, 359, 450, 520, 
704, 741, 805, 832
High resolution diffusion weighted........... 251
High risk lesion of breast................................ 260
High-intensity focused ultrasound (HIFU).195
High-resolution.................................................. 291
Histopathology.....................................................59
Human papillomavirus DNA tests............... 460
Image guided breast biopsy......................... 579
Image quality.............................................437, 786
Image-guided biopsy...................................... 260
Immunotherapy....................................................80
Improvement...................................................... 300
In vivo rat model................................................ 621
Inferior vena cava.............................................. 638
Inferior vena cava filter...........................638, 733
Inflammatory bowel disease............................24
Intermittent pneumatic venous compres-
sion devices......................................................... 326
Interreader agreement.......................................29
Interventional.....128, 138, 529, 628, 713, 719, 	
813
Intraoperative radiotherapy.......................... 761
Intravoxel incoherent motion....................... 664
Intravoxel incoherent motion diffu-
sion-weighted imaging................................... 656
Intravoxel incoherent motion imaging..... 786
Invasive................................................................. 412
Invisible tumor................................................... 609
Iodine-125 seed................................................. 509
IVC filter retrieval............................................... 638
Kidney...........................................................170, 212
Knee pain............................................................. 614
Left ventricular non-compaction................ 682

Lesion-liver CNR................................................. 128
Liver...............................................................410, 805
Liver Imaging Reporting and Data System ....741
Liver metastases.......................................571, 609
Liver regeneration............................................. 621
Liver SNR............................................................... 128
Liver tumor burden.......................................... 571
Localization......................................................... 155
Low-dose.............................................................. 291
Low-dose computed tomography.............. 691
LR-M....................................................................... 741
Lung....................................80, 103, 291, 561, 794
Lung adenocarcinoma.................................... 379
Lung cancer......................................................... 283
Luteal phase........................................................ 656
Lymph node metastasis.................................. 228
Lymphangiogram.............................................. 326
Lymphangiography.......................................... 542
Lymphatic............................................................ 542
Lymphocele......................................................... 542
Machine learning....................................... 40, 460
Magnetic resonance imaging.................... 1, 18, 
59, 68, 195, 219, 251, 276, 390, 396, 412, 664, 
741, 753, 786
Major adverse cardiovascular events......... 682
Male urethra............................................................. 9
Malignancy.......................................................... 800
Malignant biliary obstruction....................... 509
Malignant cerebral edema............................. 402
Malignant ureteral obstruction.................... 312
Mammography...........................53, 59, 588, 761
MCA........................................................................ 350
MDCT..................................................................... 205
Menses phase..................................................... 656
Menstrual cycle.................................................. 656
Meta-analysis.............................................478, 509
Metaplastic breast cancer.................................59
Metastasis............................................................ 167
METastasis Reporting and Data System for 
Prostate Cancer.....................................................29
Metastatic tumor............................................... 190
Microwave ablation.................................318, 359
Middle cerebral artery..................................... 402
Model..................................................................... 741
mpMRI......................................................................29
MR elastography................................................ 428
MR enterography........................................ 24, 437
MRI.................................................................128, 183
MSK......................................................................... 719
Musculoskeletal................................................. 719
Myeloma............................................................... 596
Myocardial energy metabolism................... 548
Myocarditis.......................................................... 276

N-butyl-cyanoacrylate..................................... 621
Neoadjuvant chemoradiotherapy............... 219
Neoplasm............................................................. 561
Neoplasm staging............................................. 219
Neoplasm-stage................................................. 753
Nodule..........................................................561, 628
Noise reduction.................................................. 437
Nomogram....................................... 283, 379, 771
Non-small cell lung cancer............................. 771
Non-surgical management............................ 309
OffRoad®............................................................... 492
Olfactory bulb..................................................... 396
Olfactory sulcus................................................. 396
Olfactory tract..................................................... 396
Oncology.............................................................. 205
Oral cancer........................................................... 786
Osteoarthritis...................................................... 614
Osteochondroma.............................................. 390
Osteochondromatosis..................................... 390
Outback®.............................................................. 492
Outpouching.........................................................68
Ovarian dysgerminoma.....................................18
Overall survival................................................... 520
Pancreas.......................................................167, 563
Percutaneous...................................................... 367
Percutaneous endovascular variceal emboli-
zation..................................................................... 826
Percutaneous thrombin injection............... 632
Percutaneous transthoracic needle  
biopsy.................................................................... 819
Perfusion deficit................................................. 103
Pericardial................................................................68
Peripheral arterial disease.............................. 175
Peripheral artery disease................................ 535
Photon-counting............................................... 291
Pipeline................................................................. 350
Pneumonia.......................................................... 373
Pneumonitis...........................................................80
Pneumothorax.................................................... 155
Polyvinyl alcohol................................................ 170
Portal hypertension.................................410, 826
Portal vein............................................................ 410
Portal vein embolization................................. 621
Positron emission tomography.................... 379
Practice.................................................................. 300
Prediction...................................................... 91, 771
Primary treatment............................................. 359
Prognosis..............................................91, 450, 682
Prostate neoplasms.......................................... 753
Prostate perfusion MRI.................................... 647
Prostate zones.................................................... 753
PSA.......................................................................... 647

2023 Subject Index



PSA density.......................................................... 647
Pseudoaneurysm..................................................68
Pseudocirrhosis.................................................. 571
Pulmonary...................................................155, 794
Pulmonary embolism.............................500, 794
Pulmonary nodule............................................ 691
Pulmonary toxicity...............................................80
Quantitative parameters................................. 786
Quantitative volumetric analysis................. 450
Radiation........................................... 373, 710, 736
Radiation dosage............................................... 175
Radiculomedullary artery............................... 713
Radiofrequency ablation....318, 342, 450, 614
Radiography........................................................ 555
Radiological......................................................... 771
Radiology....9, 18, 40, 205, 300, 460, 529, 713, 
813
Radiomic signature..............................................91
Radiomics....................................................283, 402
RCT.......................................................................... 529
Re-entry device.................................................. 492
Real-time sequence.................................128, 719
Reconstruction algorithm.............................. 691
Reconstructive surgery........................................ 1
Rectal cancer....................................................... 219
Recurrent HCC.................................................... 359
Renal.............................................................205, 800
Renal transplant................................................. 212
Reproducibility................................................... 529
Resin microspheres........................................... 704
Response assessment category......................29
Retrograde exchange...................................... 312
Risk factor............................................................. 478
Sacroiliac joint.................................................... 390
Sacrum injury...................................................... 195
Sarcopenia........................................................... 596
Scintigraphy........................................................ 190
Sclerotherapy...................................................... 542
Screening interruption.......................................53
Secondary treatment....................................... 359
Selective intra-arterial lipiodol injection.. 609
Sequence parameter........................................ 128
Shearwave elastography................................ 674
Shielding............................................................... 555

Signal intensity................................................... 128
Simple fibroadenoma...................................... 674
Single-photon emission-computed tomog-
raphy...................................................................... 190
Solid pulmonary nodules............................... 283
Spectral computed tomography................. 691
Spread through air spaces............................. 771
Steatosis................................................................ 563
Stent....................................................................... 367
Stent failure......................................................... 312
Stomach................................................................ 813
Stroke..................................................................... 402
Subclavian artery............................................... 117
Subintimal angioplasty................................... 492
Submassive.......................................................... 794
Superb microvascular imaging.................... 212
Superior vena cava........................................... 638
Surgery....................................................................... 9
Surgery delay.........................................................53
Surgical pathology............................................ 219
Survey............................................................. 46, 300
Survival.................................................................. 342
T1 mapping......................................................... 428
T2 mapping................................................183, 428
T2 value................................................................. 183
Tandem ureteral stents................................... 312
Teleradiology.........................................................46
Texture analysis.................................................. 234
The aortic-celiac trunk angle........................ 161
Therapeutic embolization.............................. 713
Therapy....................................................................80
Thermal ablation............................................... 609
Thoracic.......................................................373, 596
Thoracic duct...................................................... 326
Three-dimensional...............................................68
Thrombectomy.................................................. 794
Thromboembolism........................................... 500
Thrombolysis...................................................... 733
Thymic epithelial tumor.................................. 109
Thymoma............................................................. 109
Thyroid.........................................................167, 628
Time........................................................................ 710
TIPS......................................................................... 146
Transarterial chemoembolization......520, 805

Transarterial Radioembolization.................. 704
Transcatheter arterial embolization........... 819
Transplantation.................................................. 596
Transvenous obliteration................................ 146
Trauma.................................................................. 117
Tumor...........................................................109, 412
Tumor ablation................................................... 805
Tumor burden..................................................... 450
Tumor morphology.......................................... 251
Tumor perfusion................................................ 832
Tumor response................................................. 832
Tumor volume...........................................228, 753
Turbo spin-echo................................................. 786
Turkey.......................................................................46
Ultra-high-pitch computed tomography 
coronary angiography..................................... 268
Ultra-high-resolution....................................... 291
UltraScore balloon............................................ 535
Ultrasonography.........................40, 59, 674, 761
Ultrasound.................................................... 18, 309
Ultrasound ablation.......................................... 195
Upper GI bleeding............................................. 146
Ureter.......................................................................... 1
Ureteric stricture..................................................... 1
Urethral stenosis..................................................... 9
Urethrocystography.............................................. 9
Urology...................................................................... 9
Uterine cervical neoplasms........................... 460
Uterine fibroids.................................................. 195
Uterus.................................................................... 656
Vacuum assisted biopsy.................................. 579
Variceal bleeding............................................... 826
Vascular................................................................. 138
Venography................................................640, 733
Venous thromboembolism............................ 500
Ventricles.................................................................68
Virtual non-enhanced...................................... 736
Visceral pleural invasion................................. 379
Visualization........................................................ 128
Wash-in rate........................................................ 647
Wash-out rate..................................................... 647
Whole breast radiotherapy............................ 761
Wraparound lead............................................... 555
Y-90......................................................................... 704   

2023 Subject Index




