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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, PubMed 
Central, 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.
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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; 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-n-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 
Charge (APCs) for only accepted articles. No fees are requested from the 
authors during submission and evaluation process. All manuscripts must be 
submitted via Manuscript Manager.

An APC fee of and local taxes will be applied depending on the article type 
(see Table 1)

Review $ 1250

Original Article $ 1000

Pictorial Essay
$ 750

Technical Note

Table 1. Article Types and Fees

The APCs will be accepted through the link that will be sent to the 
corresponding author of each article via the online article system. In the next 
step, the authors will be receiving a receipt of their payment.

*Please note that the Article Processing Charge (APC) will not affect neither 
the editorial and peer-review process nor the priority of the manuscripts by 
no means. All submissions will be evaluated by the Editorial Board and the 
external reviewers in terms of scientific quality and ethical standards.

Refund Policy:

Returning the article to the author; Diagnostic and Interventional Radiology 
(DIR) will refund the submission fees with a coupon code if the article is 
returned to the author. Using this code, authors can use the submission fees 
of different articles without making a new payment.

Article Retraction: 

Infringements of publication/research ethics, such as multiple submissions, 
bogus claims of authorship, plagiarism, and fraudulent use of data could lead 
to article retraction.

A retraction statement titled “Retraction: [article title]” must be signed by the 
authors and/or the editor. The original article is marked as retracted but a PDF 
version remains available to readers, and the retraction statement is linked to 
the original published paper. 



A-VII

Volume 29 • Issue 4

July 2023

www.dirjournal.org

Contents

Full text of these articles can be accessed online at www.dirjournal.org or through PubMed (https://www.ncbi.nlm.nih.gov/pmc/journals/2754/).

ABDOMINAL IMAGING

563	 Original Article. Relationship between hepatic and 
pancreatic steatosis and the COVID-19 pneumonia total severity 
score and prognosis with an emphasis on prognostic strength. 
Hakan Doğan, Evren Uzer, Ömer Tarık Esengür, Hür Hassoy,  
Serkan Güneyli

571	 Original Article. Chemotherapy-associated liver 
morphological changes in hepatic metastases (CALMCHeM). 
Matthew C. Pope, Michael C. Olson, Kristina T. Flicek, Neema J. Patel, 
Candice W. Bolan, Christine O. Menias, Zhen Wang,  
Sudhakar K. Venkatesh

BREAST IMAGING

579	 Original Article. Outcomes of high-risk breast lesions 
diagnosed using image-guided core needle biopsy: results from 
a multicenter retrospective study. Ayşenur Oktay,  
Özge Aslan, Füsun Taşkın, Nermin Tunçbilek, Selma Gül Esen İçten, 
Pınar Balcı, Mustafa Erkin Arıbal, Levent Çelik, İhsan Şebnem Örgüç, 
Figen Başaran Demirkazık, Serap Gültekin, Ayşe Murat Aydın,  
Emel Durmaz, Sibel Kul, Figen Binokay, Meltem Çetin, Ganime Dilek 
Emlik, Meltem Gülsün Akpınar, Sadiye Nuray Kadıoğlu Voyvoda, 
Ahmet Veysel Polat, Işıl Başara Akın, Şeyma Yıldız, Necdet Poyraz, 
Arzu Özsoy, Pelin Seher Öztekin, Eda Elverici, İlkay Koray Bayrak, 
Türkan İkizceli, Funda Dinç, Gülten Sezgin, Gökçe Gülşen, 
 Işıl Tunçbilek, Sabiha Rabia Yalçın, Gül Çolakoğlu, Serpil Ağlamış, 
Ravza Yılmaz, Günay Rona, Gamze Durhan, Davut Can Güner,  
Fatma Çelik Yabul, Leman Günbey Karabekmez, Burçin Tutar, 
Muhammet Göktaş, Onur Buğdaycı, Aslı Suner, Necmettin Özdemir

588	 Original Article. Improved breast lesion detection in 
mammogram images using a deep neural network. Wen Zhou, 
Xiaodong Zhang, Jia Ding, Lingbo Deng, Guanxun Cheng,  
Xiaoying Wang 

GENERAL RADIOLOGY 

596	 Original Article. Prognostic value of low muscle mass at the 
12th thoracic vertebral level in multiple myeloma treated with 
transplantation: CAREMM-2101 study. Sung-Soo Park,  
Daehun Kwag, Jung Yeon Lee, Young-Woo Jeon, Seung-Ah Yahng, 
Seung-Hwan Shin, Seo Yeon Youn, Chang-Ki Min 

INTERVENTIONAL RADIOLOGY

609	 Original Article. Thermal ablation of ultrasound and 
non-contrast computed tomography invisible primary and 
secondary liver tumors: targeting by selective intra-arterial 
lipiodol injection. Adrian Kobe, Lambros Tselikas,  
Frédéric Deschamps, Charles Roux, Alexandre Delpla, Eloi Varin, 
Antoine Hakime, Thierry de Baère

614	 Review Article. Review of genicular artery embolization, 
radiofrequency ablation, and cryoneurolysis in the 
management of osteoarthritis-related knee pain. Lynden Lee,  
Yan Epelboym

621	 Original Article. Liver regeneration after portal vein 
embolization: comparison between absolute ethanol and 
N-butyl-cyanoacrylate in an in vivo rat model.  
Mitsunari Maruyama, Haruyuki Takaki, Naoko Yamada, Yutaka 
Hirata, Koichiro Yamakado, Hajime Kitagaki

628	 Technical Note. The iceberg technique: an innovative 
approach for radiofrequency ablation of diving thyroid nodules. 
Antônio Rahal Junior, Erivelto Martinho Volpi, Bruno Pagnin Schmid, 
Priscila Mina Falsarella, Rodrigo Gobbo Garcia

632	 Technical Note. Percutaneous thrombin injection under 
contrast-enhanced ultrasound guidance to control active 
extravasation not associated with pseudoaneurysm. Hippocrates 
Moschouris, Marina G. Papadaki, Nektarios Spanomanolis, 
Konstantinos Stamatiou, Katerina Malagari

638	 Technical Note. Direct superior vena cava puncture 
for inferior vena cava filter retrieval. Ashwin Deshmukh, 
Gaurav Parmar, Juan Carlos Perez Lozada, Joshua Cornman-
Homonoff	

640	 Original Article. Can expiratory or inspiratory contrast-
enhanced computed tomography be more efficient for fast-
track cannulation of the right adrenal vein in adrenal venous 
sampling? Yoshinori Tsukahara, Keisuke Todoroki, Takeshi Suzuki, 
Akira Yamada, Masahiro Kurozumi, Yasunari Fujinaga



A B D O M I N A L  I M A G I N G
O R I G I N A L  A R T I C L ECopyright@Author(s) - Available online at dirjournal.org.

Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

563

You may cite this article as: Doğan H, Uzer E, Esengür ÖT, Hassoy H, Güneyli S. Relationship between hepatic and pancreatic steatosis and the COVID-19 
pneumonia total severity score and prognosis with an emphasis on prognostic strength. Diagn Interv Radiol. 2023;29(4):563-570.

Hakan Doğan 
Evren Uzer 
Ömer Tarık Esengür 
Hür Hassoy 
Serkan Güneyli 

PURPOSE
To investigate the relationship between hepatic steatosis (HS), pancreatic steatosis (PS), coexisting 
HS and PS and the Coronavirus disease-2019 (COVID-19) pneumonia total severity score (TSS) and 
prognosis, assessed through computed tomography (CT), and to evaluate the degree of effective-
ness of the three steatosis conditions on TSS and prognosis.

METHODS
This retrospective study involved 461 patients (255 male and 206 female, median age of 53 years) 
with COVID-19 who underwent unenhanced chest CT. HS, PS, and coexisting HS and PS, assessed 
through CT, were compared with patient demographics, comorbidities, TSS, hospitalization and 
intubation requirements, and mortality rates. The parameters were compared using Mann–Whitney 
U and chi-square tests. The parameters of three groups of patients with only HS, only PS, and both 
HS and PS were compared using the Kruskal–Wallis test.

RESULTS
Results revealed that TSS (P < 0.001 for all) and hospitalization rates (P < 0.001 for all except for 
HS [P = 0.004]) were higher in patients with HS, PS, and both than in those without. Intubation  
(P = 0.003) and mortality rates (P = 0.018) were significantly higher solely in patients with PS. How-
ever, TSS, hospitalization, and diabetes mellitus were significantly higher than in age-standardized 
analyses for PS. In a comparison between only HS, only PS, and coexisting HS and PS in 210 patients, 
the highest TSS was in the coexistence group (P < 0.001).

CONCLUSION
The TSS and hospitalization rates correlate with HS, PS, and coexisting HS and PS, whereas intuba-
tion and mortality rates only correlate with PS. However, TSS correlates with coexisting HS and PS 
at the highest rate.

KEYWORDS
Computed tomography, COVID-19, hepatic, pancreas, steatosis

In the last few years, Coronavirus disease-2019 (COVID-19) has become a public health con-
cern and crisis, with a total of approximately 540 million cases and 6.3 million deaths as of 
June 2022.1 Caused by severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), the 

disease has similar clinical features to many other viral diseases originating in the respiratory 
system, such as cough, fever, and fatigue. However, it can also lead to more severe complica-
tions, resulting in hospitalization, intubation, and death.

Although it is primarily a respiratory system disease, COVID-19 can also be related to other 
organ systems, especially the gastrointestinal (GI) tract. Evidence suggests that SARS-CoV-2 
infection can intensify pre-existing GI conditions.2 Furthermore, GI pathologies, such as 
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pre-existing liver diseases or GI cancers, have 
been demonstrated to be correlated with 
COVID-19 prognosis.2-12 This prognosis is also 
related to the COVID-19 pneumonia total 
severity score (TSS) because it is a compre-
hensive and systematic structure that gath-
ers common findings from COVID-19 chest 
computed tomography (CT) within one scor-
ing system.13,14 The hepatobiliary system also 
plays an essential role in determining the out-
come of COVID-19, as demonstrated by stud-
ies that have analyzed the effects of hepatic 
steatosis (HS) on COVID-19 prognosis.2-5,7-10,12 
In addition, assessing HS during the manage-
ment of COVID-19 is feasible because HS can 
easily be identified in unenhanced chest CT. 
Similarly, evaluating the pancreas can help 
clarify a COVID-19 prognosis because this 
organ can be observed in a chest CT. In a 
recent study by Guneyli et al.15, correlations 
between pancreatic steatosis (PS) and the 
clinical severity of COVID-19 pneumonia in 
396 patients and the prognosis in 201 hos-
pitalized patients were reported. However, 
to our knowledge, no studies until now have 
focused on the relationship between the ra-
diological severity of COVID-19 pneumonia 
and prognosis and the three following pa-
rameters in a single study: HS, PS, and the 
coexistence of HS and PS in a single patient.

Therefore, we hypothesize that HS, PS, 
and their coexistence correlate with the 
COVID-19 pneumonia TSS, hospitalization 
and intubation requirements, and COVID-19 
mortality rates. This study aims to under-
stand the relationship between HS and PS, 
both individually and, in one case, coexisting, 
and COVID-19 TSS and prognosis with the as-
sistance of chest CT and to investigate which 
of these parameters have a more effective 
role in COVID-19 pneumonia prognosis by 
comparing them. 

Methods

Study population

The Institutional Review Board authorized 
the waiver of informed consent for this ret-
rospective investigation (decision number 
of the ethics committee approval: 2021.468.
IRB1.135). We searched the data of 724 indi-
viduals who had received a positive SARS-
CoV-2 reverse transcription-polymerase 
chain reaction test result and had under-
gone a chest CT using a 64-slice CT scanner 
between March 2020 and March 2021 at a 
single institution. Patients under the age 
of 18 (n = 9), those with a pancreatic or liv-
er mass (n = 6) or diffuse liver disease (n = 
2) or splenectomy (n = 1), those who had a 
contrast-enhanced chest CT (n = 26), those 
whose CT scans did not cover the pancreas 
(n = 206), and those with significant artifacts 
(n =13) were all excluded, leaving 461 pa-
tients (255 male and 206 female) with a me-
dian age of 53 (minimum 18, maximum 91) 
years. No patient with hemochromatosis or 
amiodarone use, both of which may change 
the density measurements, was included.

Throughout the research procedure, pa-
tient demographics and associated chronic 
conditions, including diabetes mellitus (DM), 
hypertension (HT), coronary artery disease 
(CAD), and cerebrovascular disease (CVD), 
were recorded. In addition, hospitalization 
and intubation requirements and mortality 
rates were documented.

CT image acquisition

All CT scans were performed without 
contrast material using a 64-slice scanner 
(Siemens, Somatom Definition Flash, Erlan-
gen, Germany). The patients were placed in 
a supine position, and the images were tak-
en while they held their breaths. The upper 
abdomen and the whole thoracic cavity were 
scanned. The CT technique was as follows: 
helical scanning mode; tube voltage, 120 
kV; tube current-time product, 50–350 mAs; 
pitch, 1.2 and 1.375; matrix, 512x512; recon-

structed in lung and soft tissue windows; re-
constructed slice thickness, 1.00 mm.

Assessment of PS and HS

The Hounsfield unit (HU) of fat tissue rang-
es from −150 to −30 HU on unenhanced CT.16 
Two radiologists with expertise in thoracic 
and abdominal radiology (E.U. with 9 years 
and H.D. with 3 years of clinical expertise), 
blinded to patient information, reviewed 
the CT scans using a dedicated workstation; 
their decisions were based on consensus. 
Four regions of interest (ROIs), each separat-
ed by the hepatic veins, were drawn using a 
circular ROI of 1 cm2 from four distinct places 
on both lobes (Figure 1a), and the top, mid-
dle, and lower sections of the spleen were 
marked with three ROIs.16,17 To assess the HU 
values more accurately, ROIs were generated 
while avoiding vessels and parenchymal cal-
cifications. The average attenuation values of 
both organs pointing to the final hepatic and 
splenic attenuation values were obtained. 
The liver-to-spleen (L/S) attenuation ratio 
was then calculated by dividing the liver’s 
attenuation value by that of the spleen. If the 
L/S attenuation ratio was less than 0.9, HS 
was assumed to be present in the patient.9 

The uncinate process, head, neck, body, 
and tail of the pancreas were marked with 
five ROIs (Figure 1b, c). After calculating the 
average attenuation value of the pancreas, 
the pancreas-to-spleen (P/S) attenuation ra-
tio was calculated by dividing the pancreatic 
attenuation value by the spleen attenuation 
value. If the P/S attenuation ratio was less 
than 0.70, a patient was classified as having 
PS.18 

Assessment of TSS

Two radiologists (E.U. with 9 years and 
H.D. with 3 years of clinical expertise) as-
sessed all images while blinded to patient 
information, and agreement was reached on 
the patients with varied scores. The amount 
of lobar involvement in each of the five lung 
lobes was measured and categorized as none 
(0%), minimal (1–25%), mild (26–50%), mod-
erate (51–75%), or severe (76–100%), with 
reference scores ranging from 0 to 4 (Figure 
2). After adding all the scores from the five 
lobes, a total TSS ranging from 0 to 20 was 
calculated.13 

Statistical analysis

For the data analysis, SPSS version 17.0 
software (IBM, Chicago, IL, USA) was used. 
The Kolmogorov–Smirnov test was used to 
determine if there was a normal distribution. 

Main points

•	 Hepatic steatosis (HS), pancreatic steatosis 
(PS), and coexisting HS and PS, which are 
components of metabolic syndrome, can 
be used for the assessment of Coronavirus 
disease-2019 (COVID-19) prognosis with 
the help of unenhanced chest computed 
tomography (CT).

•	 Of 461 patients, male sex was found to be 
correlated with HS, and older age showed 
an association with PS and coexisting HS 
and PS. Comorbidities such as diabetes mel-
litus, hypertension (HT), and coronary artery 
disease showed a strong association with 
only PS.

•	 HS, PS, and coexisting HS and PS were all 
strongly correlated with the disease severity 
demonstrated by the COVID-19 pneumonia 
total severity score (TSS) and higher rates 
of hospitalization, and of the three, PS was 
also correlated with rates of intubation and 
mortality.

•	 When only HS, only PS, and both HS and PS 
were compared with each other, patients 
with only PS were older and had higher rates 
of HT than those in the other two groups.

•	 The TSS medians in the three groups with 
only HS, only PS, and both HS and PS were 
ranked as 5 (HS), 6 (PS), and 7 (both HS and 
PS), of which the latter had significant cor-
relation.
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The chi-square test was used to compare HS, 
PS, and coexisting HS and PS with sex, co-
morbidities, hospitalization and intubation 
requirements, and mortality rates, and the 
Mann–Whitney U test was used to compare 
HS, PS, and coexisting HS and PS with age and 
TSS. Age-standardized analyses for PS based 
on comorbidities, hospitalization, intubation, 
and mortality rates were investigated using 
logistic regression, and the unstandardized 
B value for PS based on TSS was evaluated 
using linear regression. The parameters were 
then compared using the Kruskal–Wallis test 

across the three groups of patients with only 
HS, only PS, or both. The Mann–Whitney  U 
test was performed for double comparisons. 
The medians of age and TSS were calculat-
ed. Fisher’s exact test and Fisher–Freeman–
Halton test were also used when required. 
Statistical significance was defined as a  
P value less than 0.05. 

Results
From a total of 461 patients, HS (n = 104, 

22.55%), PS (n = 151, 32.75%), and coexist-
ing HS and PS (n = 45, 9.76%) rates were de-

termined. The comparisons of the patients 
with and without HS, PS, or both according 
to age, sex, and comorbidities are presented 
in Table 1. 

Age was positively correlated with PS (P < 
0.001) and coexisting PS and HS (P = 0.014), 
and HS (P = 0.001) was higher in male than 
in female patients (Figure 3). Regarding co-
morbidities, DM (P < 0.001), HT (P < 0.001), 
and CAD (P < 0.001) showed a significant cor-
relation with PS, whereas CVD (P = 0.105) did 
not show any significant correlation with this 
group. Of the four comorbidities, HS and co-

Figure 1. Axial computed tomography images at three levels: (a) upper part of the liver and spleen; (b) head, neck, body, and tail of the pancreas and the middle part 
of the spleen; (c) uncinate process of the pancreas and lower part of the spleen. The average attenuation value of the four regions of interest (ROIs) in the liver, five 
ROIs in the pancreas, and three ROIs in the spleen were 59.56, 49.69, and 49.03 Hounsfield units, respectively. The liver-to-spleen attenuation ratio of 1.21 confirmed 
“liver without steatosis,” and the pancreas-to-spleen attenuation ratio of 1.01 confirmed “pancreas without steatosis.”

a b c

Figure 2. Axial computed tomography images at three levels and the other two planes: (a) axial image at the level of the upper lung lobes; (b) axial image at the 
level of the right middle lung lobe; (c) axial image at the level of the lower lung lobes; (d) coronal image; (e) sagittal image. Multifocal, mild involvement of bilateral 
lungs was revealed, and the COVID-19 pneumonia total severity score was 6.  COVID-19, coronavirus disease-2019.

a b c

d
e
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existing HS and PS correlated only with DM 
(P < 0.001).

The comparisons of the patients with and 
without HS, PS, or both according to the TSS, 
hospitalization and intubation requirements, 
and mortality rates are presented in Table 2.

Higher TSSs were determined in patients 
with HS (P < 0.001), PS (P < 0.001), and both 
(P < 0.001), and higher hospitalization rates 
were identified in patients with HS (P = 
0.004), PS (P < 0.001), and both (P < 0.001) 
than in patients without (Figure 4). Intuba-
tion (P = 0.003) and mortality rates (P = 0.018) 
were significant only in patients with PS. The 
requirement for intubation in patients with 
and without PS were 9.3% and 2.9%, respec-
tively, whereas mortality rates were 6% and 
1.6%, respectively. 

The age-standardized odds ratios for PS 
according to the comorbidities, hospitaliza-
tion, intubation, mortality rates, and unstan-
dardized B value for PS according to the TSS 
are presented in Table 3. When the effect of 
age on the results was eliminated, the pres-
ence of DM was 1.8 times greater, hospital-
ization was 1.7 times greater, and TSS was 
higher in the patients with PS than in those 
without PS.

Following these comparisons, three novel 
groups of interest were formed: Patients with 
only HS, patients with only PS, and finally, 
patients with both HS and PS that do not co-

Figure 3. Axial computed tomography images at three levels: (a) upper part of the liver and the spleen; 
(b) neck, body, and tail of the pancreas and the middle part of the spleen; (c) head of the pancreas and lower 
part of the spleen; (d) uncinate process of the pancreas. The average attenuation value of four regions of 
interest (ROIs) in the liver, five ROIs in the pancreas, and three ROIs in the spleen were 27.85, 14.92, and 43.96 
Hounsfield unit, respectively. The liver-to-spleen attenuation ratio of 0.63 (<0.9) confirmed hepatic steatosis, 
and the pancreas-to-spleen attenuation ratio of 0.33 (<0.7) confirmed pancreatic steatosis.

c

a

d

b

Table 1. Comparisons of patients with and without HS, PS, and both HS and PS according to age, sex, and comorbidities from a total of 461 
patients

Age (years) Sex (male) Sex 
(female)

DM + DM − HT + HT − CAD + CAD − CVD + CVD −

HS +
(n = 104)

54
(26–85)

72 
 (69.2%)

32 
(30.8%)

35  
(33.7%)

69 
 (66.3%)

40 
(38.5%)

64 
(61.5%)

12 
(11.5%)

92  
(88.5%) 0 (0%) 104 

(100%)

HS – 
(n = 357)

52
(18–91)

183 
(51.3%)

174 
(48.7%)

58  
(16.2%)

299 
(83.8%)

113 
(31.7%)

244 
(68.3%)

34 
(9.5%)

323 
(90.5%)

4 
(1.1%)

353 
(98.9%)

P 0.300 0.001* <0.001* 0.194 0.546 0.579‡

PS +
(n = 151)

63
(31–91)

84  
(55.6%)

67 
(44.4%)

53  
(35.1%)

98 
 (64.9%)

85 
(56.3%)

66 
(43.7%)

31 
(20.5%)

120 
(79.5%)

3  
(2%)

148 
(98.0%)

PS –
(n = 310)

46
(18–87)

171 
(55.2%)

139 
(44.8%)

40 
(12.9%)

270 
(87.1%)

68 
(21.9%)

242 
(78.1%)

15 
(4.8%)

295 
(95.2%)

1 
(0.3%)

309 
(99.7%)

P <0.001* 0.924 <0.001* <0.001* <0.001* 0.105‡

Coexistence of 
HS and PS +
(n = 45)

57
(35–85)

28 
 (62.2%)

17 
(37.8%)

18 
 (40.0%)

27 
(60.0%)

19 
(42.2%)

26 
(57.8%)

6 
(13.3%)

39 
 (86.7%) 0 (0%) 45 

(100%)

Coexistence of 
HS and PS –
(n = 416)

52
(18–91)

227 
(54.6%)

189 
(45.4%)

75 
(18.0%)

341 
(82.0%)

134 
(32.2%)

282 
(67.8%)

40 
(9.6%)

376 
(90.4%) 4 (1%) 412 

(99.0%)

P 0.014* 0.327 <0.001* 0.176 0.431‡ 1.000‡

*Statistically significant values (P < 0.05 was used as the significance level). Numeric parameters are expressed as medians. ‡Fisher’s exact test was used. CAD, coronary artery 
disease; CVD, cerebrovascular disease; DM, diabetes mellitus; HS, hepatic steatosis; HT, hypertension; PS, pancreatic steatosis. 
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incide with the first two groups. Of the 210 
patients with HS, PS, or both, 59 (28.09%) had 
only HS, 106 (50.47%) had only PS, and 45 
(21.42%) had both. The comparisons of the 
three groups of patients with only HS, only 
PS, and both according to the parameters in 
patients with HS and/or PS are presented in 
Tables 4, 5. In this study, the median age was 
found to be 65.5 years in patients with only 

PS, which was higher than the median ages 
(53 and 57 years) determined in the other 
groups (P < 0.001). The rate of HT was also 
demonstrated as 62.3% in patients with PS, 
which was higher than the rates (42.4% and 
42.2%) determined in the other groups (P = 
0.015). The TSS medians were 5, 6, and 7 in 
the patients with only HS, only PS, and both, 
revealing the TSS of the group with coexist-

ing HS and PS to be significantly higher than 
those of the other two groups (P < 0.001). 
The other parameters were not significant 
between the groups.

Discussion
This research determines that HS, PS, and 

coexisting HS and PS are related to TSS and 

Table 2. Comparisons of patients with and without HS, PS, and both HS and PS according to TSS, hospitalization, intubation, and mortality 
rates from a total of 461 patients

TSS Hospitalization + Hospitalization − Intubation + Intubation − Mortality + Mortality −

HS +
(n = 104) 5 (0–17) 59 (56.7%) 45 (43.3%) 6 (5.8%) 98 (94.2%) 4 (3.8%) 100 (96.2%)

HS −
(n = 357) 5 (0–17) 146 (40.9%) 211 (59.1%) 17 (4.8%) 340 (95.2%) 10 (2.8%) 347 (97.2%)

P <0.001* 0.004* 0.678 0.529‡

PS +
(n = 151) 6 (0–17) 98 (64.9%) 53 (35.1%) 14 (9.3%) 137 (90.7%) 9 (6.0%) 142 (94.0%)

PS − 
(n = 310) 4 (0–17) 107 (34.5%) 203 (65.5%) 9 (2.9%) 301 (97.1%) 5 (1.6%) 305 (98.4%)

P <0.001* <0.001* 0.003* 0.018*‡

Coexisting HS and 
PS +
(n = 45)

7 (0–15) 33 (73.3%) 12 (26.7%) 3 (6.7%) 42 (93.3%) 2 (4.4%) 43 (95.6%)

Coexisting of HS 
and PS −
(n = 416)

5 (0–17) 172 (41.3%) 244 (58.7%) 20 (4.8%) 396 (95.2%) 12 (2.9%) 404 (97.1%)

P <0.001* <0.001* 0.482‡ 0.637‡

Numeric parameters are expressed as medians. *Statistically significant values (P < 0.05 was used as the significance level). ‡Fisher’s exact test was used. HS, hepatic steatosis; PS, 
pancreatic steatosis; TSS, total severity score. 

Figure 4. Axial computed tomography images at three levels and the other two planes: (a) axial image at the level of the upper lung lobes; (b) axial image at the 
level of the right middle lung lobe; (c) Axial image at the level of the lower lung lobes; (d) coronal image; (e) sagittal image. Severe involvement of bilateral lungs 
was revealed, and the COVID-19 pneumonia total severity score was 17.  COVID-19, coronavirus disease-2019.
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the requirement for hospitalization. Howev-
er, PS alone was correlated with the require-
ment for intubation and mortality rates in 
patients with COVID-19. In addition, TSS, hos-
pitalization, and DM were significant in pa-
tients with PS when age-standardized analy-
ses were conducted for PS. Furthermore, the 
contrast between patients with only HS, only 
PS, and both using an analysis of variance re-
vealed that patients that only had PS had a 
higher age and level of HT, whereas patients 
with both PS and HS had a higher TSS.

Visceral steatosis can affect the overall 
outcome of diseases. For instance, in hemo-
chromatosis and hepatitis C virus infections, 
having HS influences the progression of the 
fibrotic changes in the liver.19,20 Moreover, 
infections in organs other than those where 
the steatosis originated can be affected. For 
example, research indicates that non-alco-
holic fatty liver disease is associated with 
increased mortality in patients with com-
munity-acquired pneumonia.21 In the pres-
ent study, we hypothesized that steatosis 
of the GI organs could aggravate COVID-19 

outcomes, considering its effects on human 
metabolism and its concomitant nature with 
obesity. There is a gap in the literature in this 
respect in relation to some of the GI organs. 
Although previous research has revealed that 
HS is a factor that worsens the outcomes of 
patients with COVID-19,3,4,7,9 the gap is more 
evident in the research on PS and COVID-19. 
Furthermore, PS does not need to be a sin-
gle steatotic entity but can co-occur with HS. 
Hence, we chose the three main groups of 
focus to be patients with COVID-19 with HS, 
PS, and both in our study.

Table 5. Comparisons of the three groups of patients with only HS, only PS, and both according to TSS, hospitalization, intubation, and 
mortality rates from a total of 210 patients with HS and/or PS

TSS Hospitalization + Hospitalization − Intubation + Intubation − Mortality + Mortality −

HS +
(n = 59) 5 (0–16) 32 (54.2%) 27 (45.8%) 6 (10.2%) 53 (89.8%) 3 (5.1%) 56 (4.9%)

PS +
(n = 106) 6 (0–17) 65 (61.3%) 41 (38.7%) 11 (10.4%) 95 (89.6%) 7 (6.6%) 99 (93.4%)

Coexisting HS and 
PS +
(n = 45)

7 (0–15) 33 (73.3%) 12 (26.7%) 3 (6.7%) 42 (93.3%) 2 (4.4%) 43 (95.6%)

P <0.001* 0.137 0.762 0.929‡

Numeric parameters are expressed as medians. *Statistically significant values (P < 0.05 was used as the significance level). ‡Fisher–Freeman–Halton test was used. HS, hepatic 
steatosis; PS, pancreatic steatosis; TSS, total severity score. 

Table 4. Comparisons of the three groups of patients with only HS, only PS, and both according to age, sex, and comorbidities from a total of 
210 patients with HS and/or PS

Age (years) Sex (male) Sex 
(female)

DM + DM − HT + HT − CAH + CAH − CVD + CVD −

HS +
(n = 59) 53 (23–87) 33 (55.9%) 26 (44.1%) 16 (27.1%) 43 (72.9%) 25 (42.4%) 34 (57.6%) 9 (15.3%) 50 (84.7%) 1 (1.7%) 58 (98.3%)

PS +
(n = 106) 65.5 (31–91) 56 (52.8%) 50 (47.2%) 35 (33.0%) 71 (67.0%) 66 (62.3%) 40 (37.7%) 25 (23.6%) 81 (76.4%) 3 (2.8%) 103 (97.2%)

Coexisting 
HS and 
PS +
(n = 45)

57 (35–85) 28 (62.2%) 17 (37.8%) 18 (40.0%) 27 (60.0%) 19 (42.2%) 26 (57.8%) 6 (13.3%) 39 (86.7%) 0 (0%) 45 (100%)

P <0.001* 0.568 0.382 0.015* 0.232 0.812‡

Numeric parameters are expressed as medians. *Statistically significant values (P < 0.05 was used as the significance level). ‡Fisher–Freeman–Halton test was used. CAD, coronary 
artery disease; CVD, cerebrovascular disease; DM, diabetes mellitus; HS, hepatic steatosis; HT, hypertension; PS, pancreatic steatosis. 

Table 3. Age-standardized odds ratios for PS according to comorbidities, hospitalization, intubation, mortality rates, and unstandardized B 
value for PS according to TSS

Odds ratio (95% CI) and P value

DM 1.81 (1.06–3.10), P = 0.029*

HT 1.53 (0.92–2.55), P = 0.097

CAD 1.81 (0.86–3.79), P = 0.115

CVD 3.95 (0.31–50.17), P = 289

TSS‡ 1.04 (0.43–1.66), P = 0.001*

Hospitalization 1.70 (1.07–2.72), P = 0.024*

Intubation 1.01 (0.37–2.73), P = 979

Mortality 0.62 (0.16–2.34), P = 0.486

*Statistically significant values (P < 0.05 was used as the significance level). ‡Unstandardized B value is expressed for TSS. CAD, coronary artery disease; CVD, cerebrovascular 
disease; DM, diabetes mellitus; HT, hypertension; PS, pancreatic steatosis; CI, confidence interval; TSS, total severity score. 
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The prevalence of HS and PS in patients 
with COVID-19 was 22.5% and 32.7%, respec-
tively. In line with our study, previous studies 
have reported the rates of HS in patients with 
COVID-19 as 25.6–30%, and the global prev-
alence of HS has been stated as 25.4%.7,8 In a 
case–control study,16 PS assessed through CT 
was found in 71.9% and 45.3% of the predi-
agnostic pancreatic ductal adenocarcinoma 
cases and controls, respectively, identifying a 
relatively high rate of PS even in the healthy 
control participants. Although a limited 
number of studies have been conducted, 
we believe that the prevalence of PS may be 
higher than the prevalence of HS.

In a study by Guneyli et al.15, PS accounted 
for approximately one third of patients with 
COVID-19 pneumonia. They also reported 
that PS correlated with clinical severity and 
hospitalization in all patients with COVID-19 
pneumonia.15 In the present study, we found 
that patients with PS presented with higher 
TSS and hospitalization rates, and intubation 
and mortality rates were significant in pa-
tients with PS in all 461 patients. In compari-
son, PS did not correlate with intubation and 
mortality in the 201 hospitalized patients 
with COVID-19 included in the study by 
Guneyli et al.15, possibly because of the small 
number of intubations and low death rates.

Initially, we investigated the three groups 
according to their relationships with epide-
miologic data. Older age exhibited a sub-
stantial correlation in patients with PS and 
with coexisting HS and PS. Although those 
with HS lacked this connection with age, this 
group correlated with the male sex. It was 
also crucial to compare the essential mani-
festations of the metabolic syndrome among 
the patients in this study, as these comorbid-
ities have previously proven to worsen the 
COVID-19 diagnosis.12 In this study, PS be-
came more prominent because its existence 
in a patient with COVID-19 was correlated 
with DM, HT, and CAD. A correlation between 
DM and having HS and both PS and HS was 
also noted. However, CVD was not associat-
ed with any of the three groups. Previously, 
Singh and Khan11 conducted an extensive 
multicentered study of 250 patients with 
COVID-19, and liver disease predominantly 
comprised of HS. They demonstrated that 
pre-existing liver disease was associated with 
older age and comorbidities such as HT and 
DM. Among the other studies focusing on 
HS, Çoraplı et al.7 noted that HS did not cor-
relate with older age or sex. In contrast with 
our study, Chen et al.3 demonstrated that al-
though younger age was correlated with HS, 
sex, HT, and DM had no association with this 

condition. Additionally, Forlano et al.8 found 
that the median age was higher in patients 
with COVID-19 without HS than in those with 
HS. However, sex and comorbidities were not 
correlated with HS in the same study.

To clarify the relationship between these 
three groups of steatosis and COVID-19 
prognosis, we used four parameters for com-
parison: TSS and the presence of hospital-
ization, intubation, and mortality. TSS was 
notably detected in direct proportion to all 
three groups of steatoses, thus supporting 
the hypothesis that PS, HS, and coexisting PS 
and HS are factors that exacerbate COVID-19 
severity. This correlation also existed for 
the presence of hospitalization in all three 
groups. Subsequently, intubation was cor-
related with only the presence of PS. How-
ever, no correlation was uncovered between 
intubation and HS or the coexistence of the 
two steatoses. Finally, mortality rates fol-
lowed a similar pattern; mortality exhibited a 
significant change of 4.4% only with PS. The 
significant correlation between intubation 
and mortality with only PS may be because 
PS is a more specific prognostic factor in pa-
tients with COVID-19 than HS or coexisting 
HS and PS. Furthermore, the concept of PS 
being a more specific prognostic factor can 
also be affiliated with the presence of met-
abolic syndrome. Singh and Khan11 demon-
strated higher hospitalization and mortality 
rates among patients with pre-existing liver 
disease (predominantly HS) and COVID-19. 
Among the studies focusing more specifi-
cally on HS and COVID-19, Parlak et al.10 had 
similar results to ours in terms of severity af-
ter investigating CT findings indicating that 
severity, such as upper lobar involvement 
and paving pattern lung lesions, was more 
common in patients with a fatty liver. Com-
pared with this and other similar studies, our 
research uses an even more tangible sever-
ity indicator, TSS.13,14 Çoraplı et al.7, who also 
focused only on HS, found that HS was no-
tably correlated with TSS and hospitalization 
rates. Furthermore, Chen et al.3 demonstrat-
ed that HS was correlated with intubation 
rates, whereas mortality rates were inversely 
correlated with HS. Furthermore, Forlano et 
al.8 revealed that higher mortality was not as-
sociated with patients with COVID-19 having 
fatty liver disease. 

When the effect of age was eliminated 
following the initial comparisons, hospital-
ization was 1.7 times greater, and TSS was 
higher in the patients with PS than in those 
without PS. This validates the view that se-
vere disease is more commonly demonstrat-
ed in patients with PS. Although intubation 

and mortality rates did not correlate with PS 
in these analyses, a significant correlation of 
PS with hospitalization and TSS would po-
tentially contribute to the management of 
patients with COVID-19 pneumonia. Among 
the comorbidities, only the presence of DM 
was more commonly seen in patients with 
PS, which can be expected during DM.

Several studies have reported that in-
creased age, cardiometabolic risk factors, 
and comorbidities lead to a poor prognosis in 
patients with COVID-19, and HS is considered 
part of metabolic syndrome.3,4,7-12 Although 
the underlying mechanisms of HS indicate 
that patients with HS are more susceptible 
to severe COVID-19 than those without HS, 
some factors are considered contributing 
factors to the severity of the disease. First, HS 
can accompany DM, increasing the risk and 
severity of infection. Second, the prevalence 
of cardiovascular and pulmonary diseases, in 
which an impaired patient response tends to 
occur, is higher among patients with HS than 
among those without HS. Finally, the cyto-
kine storm appears to be the main culprit be-
hind severe disease and high mortality rates 
in these patients.8 Forlano et al.8 reported 
that patients with HS presented with higher 
levels of C-reactive protein than those with-
out HS. They also demonstrated that in pa-
tients with HS, the survival rates were lower 
in those who presented with higher inflam-
matory markers (ferritin, prothrombin time, 
and lactate dehydrogenase) than in those 
with lower inflammatory markers. Interleu-
kin-6 levels and the production of proinflam-
matory cytokines, such as tumor necrosis 
factor-alpha from Kupffer cells that have 
negative impacts on infectious diseases, 
were also found to be increased in patients 
with COVID-19 with HS.7 PS, also known to 
be a risk factor for metabolic syndrome, is 
thought to allow mechanisms similar to HS 
to occur, resulting in a poor prognosis.17 

The groups with HS and/or PS were also 
compared to fully understand their role in the 
disease. To this end, the number of patients 
corresponding to the earlier parameters was 
analyzed again in each group. However, this 
time, the groups did not overlap, meaning 
that each patient with one of the types of 
steatoses was not included in the coexisting 
group. Age was the only substantial param-
eter for the epidemiological parameters, as 
patients with only PS were significantly older 
than those in the other two groups. Similar-
ly, for the comorbidities, patients with only 
PS exhibited higher percentages of HT than 
those with only HS or both.
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Moreover, TSS was the only parameter 
that demonstrated a significant difference 
in terms of severity factors, as patients with 
coexisting HS and PS had a higher TSS than 
the other two groups. This finding must be 
emphasized because a higher TSS has been 
observed previously in patients with and 
without HS, PS, or both. The fact that a high-
er TSS is the only severity factor that exceeds 
the number of patients with coexisting HS 
and PS demonstrates that this coexistence 
is a potentially helpful prognostic param-
eter for COVID-19. In this study, the lack of 
substantial correlations between the three 
groups and the prognostic parameters ex-
cept TSS can be attributed to the low num-
bers of patients, especially for those who 
were deceased or intubated. As the literature 
lacks extensive research on this matter, we 
could not compare these final findings with 
existing data.

This study has several limitations. First, 
the study was retrospective and conducted 
in a single center. Second, the baseline chest 
CT findings for the patients were not con-
sidered in our study; some might have over-
lapped with the chest CT findings attributed 
to COVID-19 pneumonia. Third, the disease 
course at the time of CT varied among pa-
tients, and CT images with the highest TSS 
were considered for patients who underwent 
multiple CT examinations. However, this af-
fected only six patients, making the possi-
ble effect of this issue minimal in the study. 
Some of the routine chest CTs we reviewed 
did not cover the entire pancreas in several 
patients, making the sample size smaller, and 
coverage may lead to increased radiation 
doses. In addition, HS can be visually evalu-
ated in most patients on CT, whereas density 
measurements are required in nearly all pa-
tients during the evaluation of PS through 
CT, which may not be routinely feasible in 
all patients in busy radiology departments. 
Additionally, the degree of HS was not con-
sidered in our study. As another limitation, 
the HU values of the pancreas were obtained 
with the consensus of two radiologists. Final-
ly, HS can have a geographical appearance 
that can affect density measurements, and 
the assessment of HS and PS based on histo-
pathologic specimens can be more accurate 
than that assessed on CT. However, using ≥4 
ROIs in the liver and pancreas rendered more 
accurate assessments.

In conclusion, the unenhanced chest CT 
imaging of COVID-19 patients allows the 
assessment of HS and PS without difficulty. 
These two conditions, both separately and 
together, are vital tools for understanding 

the severity of COVID-19. The presence of 
HS, PS, and their coexistence have been 
demonstrated to play a role in TSS and hospi-
talization rates. Furthermore, PS is correlated 
with intubation and mortality rates among 
patients with COVID-19. Age-standardized 
analyses for PS revealed that TSS, hospital-
ization, and DM were statistically meaningful 
in individuals with PS. Patients with only HS, 
only PS, or HS and PS together were com-
pared, with the TSS being the greater among 
patients with coexisting HS and PS, making 
this coexistence a possible prognostic factor. 
Future investigations with larger sample siz-
es may reveal any probable links by compar-
ing other prognostic features of COVID-19 
with HS, PS, or both.
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PURPOSE
To review imaging findings in chemotherapy-associated liver morphological changes in hepatic 
metastases (CALMCHeM) on computed tomography (CT)/magnetic resonance imaging (MRI) and 
its association with tumor burden.

METHODS
We performed a retrospective chart review to identify patients with hepatic metastases who re-
ceived chemotherapy and subsequent follow-up imaging where CT or MRI showed morphological 
changes in the liver. The morphological changes searched for were nodularity, capsular retraction, 
hypodense fibrotic bands, lobulated outline, atrophy or hypertrophy of segments or lobes, wid-
ened fissures, and one or more features of portal hypertension (splenomegaly/venous collaterals/
ascites). The inclusion criteria were as follows: a) no known chronic liver disease; b) availability of 
CT or MRI images before chemotherapy that showed no morphological signs of chronic liver dis-
ease; c) at least one follow-up CT or MRI image demonstrating CALMCHeM after chemotherapy. 
Two radiologists in consensus graded the initial hepatic metastases tumor burden according to 
number (≤10 and >10), lobe distribution (single or both lobes), and liver parenchyma volume af-
fected (<50%, or ≥50%). Imaging features after treatment were graded according to a pre-defined 
qualitative assessment scale of “normal,” “mild,” “moderate,” or “severe.” Descriptive statistics were 
performed with binary groups based on the number, lobar distribution, type, and volume of the liv-
er affected. Chi-square and t-tests were used for comparative statistics. The Cox proportional hazard 
model was used to determine the association between severe CALMCHeM changes and age, sex, 
tumor burden, and primary carcinoma type. 

RESULTS
A total of 219 patients met the inclusion criteria. The most common primaries were from breast 
(58.4%), colorectal (14.2%), and neuroendocrine (11.0%) carcinomas. Hepatic metastases were dis-
crete in 54.8% of cases, confluent in 38.8%, and diffuse in 6.4%. The number of metastases was >10 
in 64.4% of patients. The volume of liver involved was <50% in 79.8% and ≥50% in 20.2% of cases. 
The severity of CALMCHeM at the first imaging follow-up was associated with a larger number of 
metastases (P = 0.002) and volume of the liver affected (P = 0.015). The severity of CALMCHeM had 
progressed to moderate to severe changes in 85.9% of patients, and 72.5% of patients had one or 
more features of portal hypertension at the last follow-up. The most common features at the final 
follow-up were nodularity (95.0%), capsular retraction (93.4%), atrophy (66.2%), and ascites (65.7%). 
The Cox proportional hazard model showed metastases affected ≥50% of the liver (P = 0.033), and 
the female gender (P = 0.004) was independently associated with severe CALMCHeM. 

CONCLUSION
CALMCHeM can be observed with a wide variety of malignancies, is progressive in severity, and the 
severity correlates with the initial metastatic liver disease burden.

KEYWORDS
Liver metastases, pseudocirrhosis, liver tumor burden

You may cite this article as: Pope MC, Olson MC, Flicek KT, et al. Chemotherapy-associated liver morphological changes in hepatic metastases (CALMCHeM). 
Diagn Interv Radiol. 2023;29(4):571-578.

From the Department of Radiology, Division of 
Abdominal Imaging (M.C.P., M.C.O., K.T.F., S.K.V. 
venkatesh. sudhakar@mayo.edu), Mayo Clinic, 
Minnesota, USA; Department of Radiology, Division of 
Abdominal Imaging (N.J.P., C.W.B.), Mayo Clinic, Florida, 
USA; Department of Radiology, Division of Abdominal 
Imaging (C.O.M.), Mayo Clinic, Arizona, USA; Department 
of Biostatistics (Z.W.), Mayo Clinic, Minnesota, USA.

Received 09 May 2023; revision requested 16 May 2023; 
accepted 30 May 2023.

Epub: 13.06.2023

Publication date: 21.07.2023

DOI: 10.4274/dir.2023.232299

Diagn Interv Radiol 2023; DOI: 10.4274/dir.2023.232299

https://orcid.org/0000-0001-9127-5437
https://orcid.org/0000-0001-7821-6061
https://orcid.org/0000-0002-3526-6103
https://orcid.org/0000-0003-0152-1636
https://orcid.org/0000-0002-9847-3599
https://orcid.org/0000-0002-0180-7602
https://orcid.org/0000-0002-9368-6149
https://orcid.org/0000-0002-7514-1030


 

572 • July 2023 • Diagnostic and Interventional Radiology Pope et al.

In recent decades, the number of chemo-
therapeutic and biological agents em-
ployed to treat hepatic metastatic disease 

has increased exponentially and has resulted 
in prolonged survival, particularly in meta-
static breast cancers.1 Many of these cytotox-
ic medications are metabolized in the liver, 
and systemic chemotherapy-induced hepa-
totoxicity is a well-recognized complication 
of treatment, with a spectrum ranging from 
an asymptomatic elevation of liver enzymes 
to acute hepatitis.2,3 The pathological modes 
of systemic chemotherapy-associated liver 
injury can be steatosis, chemotherapy-asso-
ciated steatohepatitis (CASH), and sinusoi-
dal obstruction syndrome (SOS), and these 
specific changes are related to metabolic 
byproducts of the agents used.4

A specific form of hepatic injury occurs 
only in the presence of hepatic metastat-
ic disease and in association with systemic 
chemotherapy.5-9 This injury possibly results 
from a desmoplastic reaction surrounding 
the chemotherapy-treated tumors, repeat-
ed tumor shrinkage and enlargement, and 
reactive nodular parenchymal regeneration 
following treatment.10 When progressive, it 
leads to a scarred and contracted liver that 
simulates cirrhosis and may be complicat-
ed by portal hypertension and ascites.6 This 
unique condition was first described as he-
patic lobatum carcinomatosum in 1987 by 
Honma11 in a case of scirrhous breast carcino-
ma. Subsequently, this entity was described 
in several case reports and case series as 
pseudocirrhosis,5,7,9,12,13 and the term was 
applied to describe a constellation of liver 
findings: fine, diffuse nodularity of the liver 
surface, multifocal retraction of the hepat-
ic capsule, and caudate lobe enlargement. 
However, in histopathological specimens, 
there was a characteristic absence of regen-

erating nodules and bridging fibrosis, which 
is typically found in cirrhosis from chronic liv-
er disease.5,7,9,12,13

For lack of a better term, non-specific 
“pseudocirrhosis” continues to be used to 
describe not only this unique injury but also 
many other pathologic processes that occur 
in the liver, such as untreated diffuse hepatic 
metastases, granulomatous diseases like sar-
coidosis and tertiary syphilis, chronic Budd–
Chiari syndrome, chronic portal vein throm-
bosis, schistosomiasis, non-cirrhotic portal 
hypertension, and nodular regenerative hy-
perplasia.13-15 Emerging evidence suggests 
that pseudocirrhosis may be a misnomer, as 
many of these patients develop sequelae of 
portal hypertension, including splenomeg-
aly, formation of portosystemic collaterals, 
and ascites.

While the imaging and clinical picture 
may be similar to cirrhosis, the pathologic 
changes that only occur in post-chemothera-
py hepatic metastatic disease could be more 
properly termed chemotherapy-associated 
liver parenchymal changes in hepatic metas-
tases (CALMCHeM). CALMCHeM characteris-
tically has normal liver parenchyma between 
fibrotic bands and no known association 
with chronic liver disease etiologies. Normal 
liver function is maintained until late or se-
vere changes occur.

CALMCHeM has mostly been described 
in breast carcinoma metastatic disease, with 
few case reports on other primaries.16-19 Pre-
vious studies have described the incidence, 
prevalence, risk factors, and natural history 
progression of CALMCHeM and mostly fo-
cused on breast carcinoma.7,9,20 The purpose 
of our study was to characterize the baseline 
tumor burden and imaging appearances of 
CALMCHeM among a broader spectrum of 
malignancies and evaluate its temporal pro-
gression of severity.

Methods

Study cohort

In this Health Insurance Portability and Ac-
countability-compliant, single-institute, multi-
site retrospective study, we conducted a sys-
tematic search of electronic medical records 
to identify patients with potential imaging 
features of CALMCHeM. The Institution of 
Mayo Clinic’s Review Board approved the ret-
rospective study (reference: IRB 12-009433) 
with the waiver of informed consent for its 
retrospective nature. A proprietary search 
engine was used to analyze radiology re-
ports from 1995 to 2020. The search matrix 

included various combinations of the terms 
“pseudocirrhosis,” “metastases,” “liver/hepat-
ic,” “cirrhosis,” “fibrosis,” and “nodular contour/
nodularity.” The more general descriptors in 
the search were included due to the relative-
ly inconsistent use of “pseudocirrhosis” in 
clinical notes to describe features of CALM-
CHeM.

The inclusion criteria were as follows: a) 
no known chronic liver disease; b) the pres-
ence of hepatic metastases on imaging; 
c) the availability of a contrast-enhanced 
computed tomography (CT) or magnetic 
resonance imaging (MRI) image before che-
motherapy that showed no morphological 
signs of chronic liver disease; d) at least one 
follow-up CT or MRI image demonstrating 
CALMCHeM after chemotherapy.

The exclusion criteria included adjunc-
tive chemotherapy associated with surgical 
resection and/or ablation therapy, percuta-
neous ablation therapy, chemoemboliza-
tion, and directed radiation therapy due to 
the potential for confounding morphologic 
changes that could occur following these 
treatments. Patients with known chronic 
liver disease were excluded, as fibrotic or cir-
rhotic changes can coexist. 

Data collection and analysis

Before the radiologists responsible for 
analyzing the images began data collec-
tion, they participated in an online training 
session to familiarize themselves with the 
definitions and grading systems used in the 
study. Following the training session, imag-
ing studies (CT and/or MRI) were reviewed 
by two radiologists in consensus at all three 
sites. The burden of hepatic metastases in 
each case was quantified according to a pre-
determined grading system (Table 1) that 
included the number of metastatic lesions ( 
1–5, 6–10, >10), and the estimated volume of 
the liver affected (0%–25%, >25%–50%, and 
≥50%). The qualitative parameters, such as 
the distribution of lesions [single lobe (right 
or left) and both lobes] and lesion morpho-
logical characteristics (discrete, diffuse, or 
confluent) were also recorded (Table 1). Fol-
low-up CT and MRI scans performed after 
treatment initiations were then evaluated 
sequentially.

Imaging features were graded according 
to a qualitative assessment scale includ-
ing “minimal,” “mild,” “moderate,” or “severe” 
CALMCHeM changes (Table 2), relative to the 
baseline study (Figure 1). Assessed features 
included capsular retraction, nodularity, 
lobulations parenchymal atrophy or hyper-

Main points

•	 Chemotherapy-associated liver morpholog-
ical changes in hepatic metastases (CALM-
CHeM) can be observed in a wide variety of 
malignancies.

•	 CALMCHeM occurs only in the presence of 
hepatic metastases and following systemic 
chemotherapy.

•	 CALMCHeM severity correlates with the 
metastatic liver disease burden.

•	 Metastatic liver disease burden is associated 
with the development of portal hyperten-
sion.

•	 CALMCHeM severity progresses over time 
and requires follow-up for detection of the 
development of complications.
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trophy, widened fissures, splenomegaly, por-
tosystemic collaterals, and ascites. Patients 
were considered to manifest mild, moderate, 
or severe changes when one or more features 
listed in Table 2 were present. Capsular re-
traction was defined as the focal indentation 
of the hepatic capsule below the adjacent 
normal contour of the liver. All follow-up CT/
MRI studies were evaluated. The time inter-
val between studies that demonstrated new 
changes and resulted in the upgrading of the 
severity score was recorded for a maximum 
of four follow-up examinations. Therefore, 
the time intervals for CALMCHeM changes 
from minimal to mild, mild to moderate, and 
moderate to severe were recorded. Patient 
demographics, primary malignancy type, 
chemotherapeutic agents, and the time in-
terval between changes in CALMCHeM se-
verity were recorded for each case.

Statistical analysis

Descriptive statistics were performed to 
characterize patient demographics, primary 
cancer types, and general CALMCHeM fea-

ture frequencies. The baseline metastases 
characteristics into binary groups for each of 
the following characteristics: number (≤10 
and >10), lobar distribution (single or both 
lobes), type (discrete vs. diffuse or conflu-
ent), and volume of the liver affected (<50% 
vs. ≥50%). Chi-square and t-tests were used 
for comparative statistics of imaging features 
at various time points. After the initial anal-
ysis of all tumor types, only the four most 
common primaries were considered for re-
gression analysis, as there were few repre-
sentative cases in other primaries. Similarly, 
chemotherapeutic agents were not included 
in the regression analysis, as different agents 
and different combinations were used for 
patients in the study group. The Cox propor-
tional hazard model was used to determine 
the association between severe CALMCHeM 
changes and age, sex, tumor burden, and 
primary carcinoma type. Schoenfeld resid-
uals tests found no violation of the propor-
tional hazard assumption for the Cox model. 
All statistical analyses were performed using 
Stata/SE version 16.1 (StataCorp LLC, College 
Station, TX).

Results

Study cohort

The search results yielded 1,288 patients 
who met the initial eligibility requirements. 
The final number of unique patients meeting 
the inclusion criteria was 219. There were 62 
(28.3%) males and 157 (71.7%) females in the 
cohort, with a mean ± standard deviation 
(SD) age of 61.4 ± 11.4 years. The most com-
mon primary malignancy included breast 
carcinoma (58.4%), colorectal carcinoma 
(14.2%), neuroendocrine carcinoma (11.0%), 
pancreatic adenocarcinoma (3.7%), and 
cholangiocarcinoma (3.2%). The complete 
list of primary malignancies is shown in Table 
3. The chemotherapeutic agents are summa-
rized in Supplementary Table 1. The mean 
± SD duration of follow-up was 695 ± 608.5 
days. The most common baseline imaging 
modality was CT in 213/219 (95.9%) cas-
es, with only six patients having MRI as the 
baseline imaging modality. CT was also the 
most common follow-up imaging modality, 
with only one patient having MRI for three 
follow-up studies and four patients having 
only one MRI study during their follow-up.

Baseline imaging findings prior to chemo-
therapy initiation

Hepatic metastases were discrete in 
120/219 cases (54.8%), confluent in 85/219 
cases (38.8%), and diffuse in 14/219 cases 
(6.4%). The metastases were present in both 
liver lobes in 179/219 cases (81.7%), the right 
hepatic lobe only in 26/219 cases (11.9%), 
and in the left hepatic lobe only in 14/219 
cases (6.4%). The number of hepatic metas-
tases was >10 in 141/219 cases (64.4%), 6–10 
in 23/219 cases (10.5%), and 1–5 in 55/219 
cases (25.1%). The volume of the liver af-
fected by metastases was <25% in 115/219 
cases (52.5%), >25% to 50% in 59/219 cases 
(26.9%), and ≥50% in 45/219 cases (20.5%). 

CALMCHeM findings 

At the first CT or MRI follow-ups where 
all cases showed CALMCHeM, minimal 
changes were seen in 16%, mild changes in 
58%, moderate changes in 19.2%, and se-
vere changes in only 6.8%. However, at the 
final follow-up, severe changes were seen 
in 54.8% of patients, moderate changes in 
31.1%, mild changes in 11.9%, and minimal 
changes in only 2.3%. CALMCHeM at final fol-
low-up included a nodular surface contour in 
209/219 (95.4%), focal capsular retraction in 
206/219 (94.1%), parenchymal atrophy for 
146/219 (66.7%), ascites in 144/219 (65.8%), 

Table 1. Hepatic metastases characteristics at baseline CT or MRI

Characteristic Classification

Number of metastases 
1–5
6–10
>10

Lobar distribution 
Right lobe
Left lobe
Both lobes

Liver volume affected
0%–25%
>25%–50%
≥50%

Morphology 

•	 Discrete-with intervening normal liver parenchyma
•	 Confluent-multiple coalescing or fusing without intervening liver 

parenchyma between the metastasis nodules at one or more locations
•	 Diffuse-multiple tiny nodules with barely visible intervening liver 

parenchyma 

CT, computed tomography; MRI, magnetic resonance imaging.

Table 2. Severity grading of CALMCHeM

Grade Description

Minimal Perfusion changes around the metastases

Mild
Mild retraction of capsule
Hypodense bands around or replacing metastases
No volume loss

Moderate

Retraction of capsule
Hypodense bands
Nodularity of surface
Lobulated liver
Mild volume loss (atrophy) compared to prior or baseline study

Severe

Nodularity and lobulated outline of the liver
Loss of liver volume 
Atrophy of segments or lobes
Compensatory hypertrophy
Widened fissures

CALMCHeM, chemotherapy-associated liver morphological changes in hepatic metastases.
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widened fissures for 98/219 (44.7%), por-
tosystemic collaterals in 91/219 (41.6%), 
caudate lobe hypertrophy for 81/219 (37%), 
and splenomegaly in 56/219 (25.6%). Severe 
CALMCHeM significantly correlated with col-
laterals (P = 0.001), splenomegaly (P = 0.014), 
and ascites (P = 0.001). 

Temporal progression in CALMCHeM

There was a progression in the severity 
of CALMCHeM over time, and this correlat-
ed with baseline metastatic disease burden 
(Figure 2). At the first follow-up, only 6.8% 
had severe CALMCHeM, which increased to 
54.8% at the final follow-up. Among the pa-
tients who developed severe CALMCHeM, 

those with ≥50% liver volume metastatic 
disease did so earlier than those with <50% 
volume of the liver affected (370 days vs. 
592 days, P = 0.012). Similarly, those with 
confluent or diffuse metastases reached se-
vere CALMCHeM changes significantly earli-
er than those with discrete metastases (403 
days vs. 713 days, P = 0.013). Although pa-
tients with >10 metastases (430 days vs. 676 
days, P = 0.322) and bilobar distribution (460 
days vs. 584 days, P = 0.847) showed a trend 
to early severe changes, the differences were 
not statistically significant. 

Association of tumor burden at baseline 
with CALMCHeM severity

The proportion of severe changes at the 
final follow-up was significantly associated 
with >10 metastases (P = 0.009), bilobar dis-
tribution (P = 0.001), and ≥50% volume of 
the liver affected (P = 0.001). There was no 
significant association with the morpholog-
ic type of metastases. We further evaluated 
the associations with the four largest meta-
static disease types in the study group. This 
group comprised four main primary carcino-
mas (breast, colorectal, neuroendocrine, and 
pancreatic) and a total of 183 cases. Severe 
changes at the final follow-up were signifi-
cantly associated with bilobar distribution (P 
= 0.006) and the volume of the liver affected 
(P = 0.011), but not significantly associated 
with the number or morphologic types of 
metastases (Table 4, Figure 3). Cox regres-
sion analysis was performed in this group 
and showed that the proportion of cases 
with severe changes at the final follow-up 
was significantly associated with the female 
sex (hazard ratio: 0.46, P = 0.004) and volume 
of the liver affected prior to chemotherapy 
(hazard ratio: 1.88, P = 0.033) (Table 5).

Association of baseline findings with spe-
cific CALMCHeM features

Patients with a higher tumor volume at 
initial presentation had a significantly high-
er proportion of developed collaterals and 
splenomegaly. Patients with a ≥50% liver 
tumor volume, compared to patients with a 
<50% liver tumor volume, developed more 
collaterals (64% vs. 37%, P = 0.001) and sple-
nomegaly (41% vs. 21%, P = 0.007), but there 
was no difference in ascites (68% vs. 65%, P 
= 0.619). Similarly, patients with >10 metas-
tases, when compared to those with <10 
metastases, developed more collaterals (48% 
vs. 31%, P = 0.017) and splenomegaly (30% 
vs. 16%, P = 0.017) but not ascites (66.2% vs. 
65%, P = 0.815). Patients with bilobar me-
tastases, compared to unilobar metastases, 

Figure 1. Temporal progression of CALMCHeM in a 72-year-old male with rectal carcinoma and multiple 
liver metastases. Contrast-enhanced CT images (a) before chemotherapy, (b) at 3 months, (c) at 8 months, 
and (d) at 10 months following systemic chemotherapy (including FOLFOX and bevacizumab). The hepatic 
metastases were >10 in number, involved both liver lobes, and affected ≥50% of the liver parenchyma. 
The CALMCHeM changes are mild at 3 months, with retraction of the capsule and some nodularity that 
progresses to moderate changes at 8 months with a lobulated outline and some atrophy of the right 
lobe. At 10 months, the changes are severe with significant atrophy of the right lobe and compensatory 
hypertrophy of the left lobe. CALMCHeM, chemotherapy-associated liver morphological changes in hepatic 
metastases; CT, computed tomography; FOLFOX, folinic acid, fluorouracil, and oxaliplatin.

a

c

b

d

Table 3. Primary malignancies in the study group (n = 219)

Primary malignancy Number %

Breast carcinoma 128 58.4

Colorectal carcinoma 31 14.2

Neuroendocrine 24 11.0

Pancreatic adenocarcinoma 8 3.7

Cholangiocarcinoma 7 3.2

Gastroesophageal carcinoma 4 1.8

Prostate carcinoma 4 1.8

Lung carcinoma 3 1.4

Leiomyosarcoma 2 1.0

Melanoma 2 1.0

Renal cell carcinoma 2 1.0

Urothelial carcinoma 1 0.5

Thyroid carcinoma 1 0.5

Unknown adenocarcinoma 1 0.5

Parotid carcinoma 1 0.5
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developed more collaterals (45% vs. 28%, 
P = 0.040) and splenomegaly (28% vs. 13%, 
P = 0.042) but not ascites (67% vs. 63%, P = 
0.632). Comparing patients with discrete me-
tastases and those with confluent or diffuse 

metastases, there were no differences in the 
development of collaterals (40% vs. 44%, P = 
0.5), splenomegaly (29% vs. 22%, P = 0.196), 
or ascites (64% vs. 68%, P = 0.586).

Further analyses of the four main cancer 
types showed similar results. The volume of 
the liver affected was significantly associated 
with collaterals (P = 0.001) and splenomegaly 
(P = 0.032) but not ascites (P = 0.652). Bilobar 
distribution also showed an association with 
collaterals (P = 0.037) but not splenomegaly 
(P = 0.078) or ascites (P = 0.294).

Chemotherapeutic agents and CALMCHeM 
at the final follow-up

Among the several chemotherapeutic 
agents used, only the following were sig-
nificantly associated with severe changes 
at final follow-up: bevacizumab (P = 0.038), 
cyclophosphamide (P = 0.022), docetaxel (P 
= 0.019), doxorubicin (P = 0.002), gemcit-
abine (P = 0.007), paclitaxel (P = 0.027), and 
zoledronic acid (P = 0.046). When analyzed 
by the four most common primary malig-
nancy types as a group, significant associ-
ations with severe changes were observed 

Figure 2. Severe CALMCHeM with portal hypertension. Metastatic infiltrative breast carcinoma in a 52-year-
old female with multiple liver metastases. Contrast-enhanced CT images (a) before chemotherapy and (b) 
at 23 months following multiple chemotherapy sessions. Severe CALMCHeM changes at 23 months with 
the development of ascites (white arrow) and splenomegaly (*), consistent with portal hypertension due 
to CALMCHeM. CALMCHeM, chemotherapy-associated liver morphological changes in hepatic metastases; 
CT, computed tomography.

a b

Table 4. Patient characteristics, baseline tumor burden features, and CALMCHeM features at final follow-up in all patients and the four most 
common primaries

Primary tumor All
(n = 219)

Breast
(n = 128)

Colorectal
(n = 31)

NET
(n = 24)

PDAC
(n = 8)

Mean age ± SD (years) 61.4 ± 11.4 61.5 ± 11.8 60.2 ± 11.7 63.3 ± 9.8 63.1 ± 9.4

Male:female 62:157 0:128 21:10 19:5 3:5

Number of metastases
     <10
     >10

78 (35.6%)
141 (64.4%)

46 (36%)
82 (64%)

8 (25.8%)
23 (74.2%)

3 (12.5%)
21 (87.5%)

4 (50%)
4 (50%)

Lobar distribution
     Single lobe
     Both lobes

179 (81.7%)
40 (18.3%)

25 (19.5%)
103 (80.5%)

2 (6.5%)
29 (93.5%)

0 (0%)
24 (100%)

3 (37.5%)
5 (62.5%)

Volume of the liver affected
     <50%
     ≥50%

174 (79.5%)
45 (20.5%)

105 (82%)
23 (18%)

20 (64.5%)
11 (35.5%)

18 (75%)
6 (25%)

7 (87.5%)
1 (12.5%)

Type of metastases
     Discrete
     Diffuse/confluent

120 (54.8%)
99 (45.2%)

74 (57.8%)
54 (42.2%)

14 (45.2%)
17 (54.8%)

13 (54.2%)
11 (45.8%)

6 (75%)
2 (25%)

Median time to first CALMCHeM (days) 537 155 187 223 214

Median time to severe CALMCHeM (days) 673 493 869 439 430

Capsular retraction 205 (93.6%) 122 (95.3%) 29 (93.5%) 22 (91.7%) 8 (100%)

Surface nodularity/lobulations 208 (95%) 125 (97.7%) 26 (83.9%) 24 (100%) 8 (100%)

Atrophy 145 (66.2%) 91 (71.1%) 15 (48.4%) 20 (83.3%) 7 (87.5%)

Widened fissures 98 (44.75) 66 (51.6%) 10 (32.3%) 12 (50%) 5 (62.5%)

Compensatory hypertrophy 80 (36.5%) 50 (39.1%) 10 (32.3%) 10 (41.7%) 3 (37.5%)

Splenomegaly 55 (25.1%) 28 (21.9%) 13 (41.9%) 4 (16.7%) 1 (12.5%)

Portosystemic collaterals 92 (42%) 50 (39.1%) 13 (41.9%) 11 (45.8%) 5 (62.5%)

Ascites 144 (65.8%) 85 (66.4%) 23 (74.2%) 10 (41.7%) 5 (62.5%)

PHTN 159 (72.6%) 92 (71.8) 26 (83.9%) 13 (54.2%) 6 (75%)

CALMCHeM grade at final follow-up
     Minimal
     Mild
     Moderate
     Severe

5 (2.3%)
26 (11.9%)
68 (31.1%)
120 (54.8%)

1 (0.8%)
11 (8.6%)
39 (30.5%)
76 (59.4%)

1 (3.2%)
6 (19.4%)
12 (38.7%)
12 (38.7%)

0 (0%)
2 (8.3%)
6 (25%)
16 (66.7%)

0 (0%)
1 (12.5%)
2 (25%)
5 (62.5%)

CALMCHeM, chemotherapy-associated liver morphological changes in hepatic metastases; NET, neuroendocrine tumor; PDAC, pancreatic ductal adenocarcinoma; PHTN, portal 
hypertension, SD, Standard deviation.
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with docetaxel (P = 0.022), doxorubicin (P 
= 0.001), gemcitabine (P = 0.002), paclitaxel 
(P = 0.014), and zoledronic acid (P = 0.031). 
Chemotherapeutic agents were not included 
in the regression analysis, as different agents 
and combinations were used in different pa-
tients.

Discussion
In this study, we showed that CALMCHeM 

occurred in metastatic liver disease from a 
variety of primary malignancies and that the 
severity of CALMCHeM correlated with tu-
mor burden, primarily the volume of the liver 
affected. We also showed that these changes 
were progressive, and the progression to se-
vere changes was also related to the tumor 
burden. Regression analysis showed a sig-
nificant association between the female sex 
and a higher initial volume of hepatic disease 
with disease severity. 

Breast carcinoma was the most common 
tumor associated with severe CALMCHeM. 
Several of the previous case reports and case 
series reported breast carcinoma as the most 
common cause of CALMCHeM.5,7,9,21 Possible 
reasons for CALMCHeM reports with breast 
carcinoma include the longer survival of the 
patients with breast carcinoma metastases 
and the fact that, usually, hormone recep-

tor-positive breast cancer patients are on sys-
temic therapy for longer periods, which may 
allow for the CALMCHeM to manifest during 
follow up.22,23 However, our study confirmed 
that these changes could also occur in hepat-
ic metastatic disease from other primaries, 
and we postulate that, in the future, it may 
be seen more commonly in other metastatic 
diseases, given the advances in the chemo-
therapy regimens and, accordingly, the pro-
longed survival of patients.

Our study analysis shows that tumor 
burden is the most important factor for pre-
dicting the severity of CALMCHeM. A larger 
tumor burden was observed in cases com-
prising >10 metastases, bilobar distribution, 
and a larger volume of the liver parenchyma 
affected by the metastases. We hypothesize 
that it is possibly due to the large volume of 
the liver parenchyma affected by the des-
moplastic changes around the metastases, 
resulting in scarring with accompanied vas-
cular changes that overwhelm the regener-
ative capacity of the liver parenchyma, and 
subsequently portal hypertension. The influ-
ence of other coexistent liver diseases, par-
ticularly fatty liver, diabetes, hypertension, 
and excessive alcohol intake on the devel-
opment of CALMCHeM, is not well known. In 
one study on breast carcinoma metastases 

by Huppert et al.22, the study population had 
a very low incidence of fatty liver or other risk 
factors, and the researchers concluded that 
the presence of other risk factors may not be 
a significant driver of CALMCHeM. Other risk 
factors may modify CALMCHeM manifesta-
tion, as patients with reduced hepatic func-
tion reserve are less likely to be candidates 
for hepatotoxic chemotherapeutic agents 
and multiple chemotherapy drug regimens. 

Although a common finding, ascites 
was not significantly associated with severe 
CALMCHeM, which may be explained by the 
fact that lymphatics and the hepatic func-
tional reserve are preserved in most of the 
patients, even those with severe CALMCHeM. 
There may be other reasons for ascites, such 
as chemotherapy and the presence of peri-
toneal metastases. Ascites in patients with 
cirrhosis from chronic liver disease is usually 
a sign of hepatocellular failure and signifies 
the progression of the disease. However, the 
literature shows that ascites is a common 
finding in patients developing CALMCHeM, 
but preserved liver function until late stag-
es, similar to our experience. Additionally, 
there is a very low incidence of hepatic en-
cephalopathy in this population.21 It is also 
possible that an increased report of ascites 
is due to the detection of free fluid in these 
patients on imaging. Interestingly, in a series 
by Huppert et al.22 studying breast carcinoma 
patients, ascites was associated with a worse 
median overall survival rate from the time 
of diagnosis of the metastatic disease. More 
prospective studies are required to validate 
this finding.

In our study, patients with a tumor bur-
den ≥50% liver volume and those with dif-
fuse or confluent metastases developed 
severe CALMCHeM significantly earlier than 
those who had a smaller liver volume af-
fected or had discrete metastases. This may 
be explained by the involvement of a larger 
volume of metastases resulting in the expo-
sure of a larger volume of liver parenchyma 
to chemotherapy-induced changes which, 
in turn, cause a larger response of nodular 
regenerative hyperplasia5 and perilesional fi-
brosis, resulting in the faster development of 
severe changes. Similarly, diffuse confluent 
metastases are likely to be infiltrative and, 
accordingly, result in more desmoplastic re-
action.8,24 

Portal hypertension is seen in a significant 
number of patients with CALMCHeM. In our 
study population, 73% developed portal hy-
pertension, similar to a recent meta-analy-
sis that showed 80% of patients developed 

Figure 3. Bar graph showing the proportion of severe CALMCHeM at first and final follow-up imaging vs. 
the number of metastases, lobe involvement, the volume of the liver affected, and the type of metastases. 
CALMCHeM, chemotherapy-associated liver morphological changes in hepatic metastases.

Table 5. The hazard ratio for severe CALMCHeM changes in 183 patients (four largest 
groups of primaries: breast, colorectal, neuroendocrine, and pancreatic)

Characteristic Hazard ratio 95% CI P value

Female sex 0.46 0.28–0.78 0.004

The volume of the liver affected 1.88 1.05–3.01 0.03

CALMCHeM, chemotherapy-associated liver morphological changes in hepatic metastases; CI, confidence interval
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portal hypertension.21 In this meta-analysis, 
there was no further analysis regarding tu-
mor burden parameters. However, in our 
study, we showed that portal hypertension 
(splenomegaly and venous collaterals) was 
related to tumor burden.

Furthermore, we found an association be-
tween some chemotherapeutic agents such 
as docetaxel, doxorubicin, and paclitaxel, 
with severe CALMCHeM. Although the pre-
cise reasons are not clear, doxorubicin and 
paclitaxel are known to be associated with 
nodular regenerative hyperplasia.21,25-27 Sev-
eral patients received multiple drugs, and 
some of the association may be due to their 
concomitant use with chemotherapeutic 
agents that are known to cause nodular re-
generative hyperplasia.

This study has limitations. First, we 
searched for our cases using radiology re-
ports, and cases with mild CALMCHeM may 
have been missed or underreported and, 
hence, excluded from the search. However, 
CALMCHeM is mainly a radiological diag-
nosis, which is why we used this approach. 
Pathological proof of metastases and CALM-
CHeM in the liver was not available in all the 
patients, and it was not clinically necessary 
to perform a liver biopsy for confirmation in 
these patients. Although we have postulated 
that the changes occurred due to perilesion-
al fibrosis, histological proof was not avail-
able in all patients, and it was impractical 
or clinically indicated that a liver biopsy was 
necessary for confirmation in these patients. 
However, existing studies have implicated 
perilesional fibrosis as a potential cause of 
these changes.5,7,9,11,12 The imaging interval 
for the heterogeneous group of patients 
varied, as this was a retrospective study with 
scans completed per clinical indication and 
as needed. The time interval for the develop-
ment of severe CALMCHeM may thus have 
been affected by the scanning intervals. We 
did not compare our study cohort with those 
who did not have hepatic metastases; how-
ever, Oliai et al. demonstrated CALMCHeM 
changes do not occur in the absence of he-
patic metastases.9 

It is difficult to determine the outcome of 
CALMCHeM in our study, as the population 
was heterogeneous in terms of primary dis-
ease, the chemotherapy regimen received, 
and the presence of metastatic disease else-
where in the body. Patients with CALMCHeM 
rarely develop the complication of liver fail-
ure, as they usually do not have chronic liver 
disease, or chemotherapy is not administered 
if the liver functions are abnormal. We did 

not evaluate patients with known chronic liv-
er disease, as doing so would confound with 
the morphological features evaluated. Stud-
ies have shown that CALMCHeM changes in 
patients could result in portal hypertension 
and its associated complications.9 Further-
more, studies have also indicated that surviv-
al is shorter in patients with CALMCHeM who 
develop ascites.21,22 However, this needs to 
be confirmed in future studies and possibly 
with a prospective subject population.

Some of the changes may have been 
caused by CASH and SOS, particularly in pa-
tients with long-term follow-ups. We could 
not confirm the presence of hepatic steatosis 
or SOS with imaging, as most patients only 
received a single portal venous phase scan. 
The presence of these changes alongside 
CALMCHEM could not be completely ex-
cluded, and their contribution to the severe 
changes could not be separately assessed. 

In conclusion, our study highlights that 
CALMCHeM changes occur in all malignan-
cies, are progressive in many, and are asso-
ciated with the development of portal hy-
pertension. The temporal progression and 
severity of CALMCHeM are associated with 
the initial burden of liver metastatic disease. 
Early recognition of CALMCHeM by radiol-
ogists can help alert clinicians to possible 
progression, which may be useful informa-
tion for clinical decision making about sys-
temic chemotherapy. CALMCHeM is possibly 
a more appropriate term to use in patients 
with hepatic metastatic disease, as the ap-
pearance of pseudocirrhosis can be caused 
by several other etiologies. Furthermore, 
many patients with CALMCHeM develop 
portal hypertension with preserved hepatic 
function.
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Supplementary Table 1. 
Chemotherapeutic agents
Agent used Number of subjects

Paclitaxel 95

Capecitabine 83

Gemcitabine 58

Fulvestrant 56

5-fluorouracil 55

Oxaliplatin 49

Folinic acid 47

Carboplatin 41

Bevacizumab 40

Cyclophosphamide 37

Doxorubicin 36

Letrozole 33

Palbociclib 33

Irinotecan 32

Docetaxel 31

Exemestane 29

Anastrozole 28

Zoledronic acid 26

Everolimus 23

Trastuzumab 23

Tamoxifen 20

Denosumab 18

Cisplatin 17

Eribulin 15

Vinorelbine 15

Pertuzumab 14

Panitumumab 11

Goserelin 9

Temozolomide 9

Ixabepilone 8

Cetuximab 7

Etoposide 7

Octreotide 6

Sandostatin 6

Abemaciclib 5

Lapatinib 5

Sunitinib 5

TAS 5

Endoxifen 4

Erlotinib 4

Leuprorelin 4

Methotrexate 4

Alisertib 3

Dacarbazine 3

Megestrol acetate 3

Pazopanib 3

Pemetrexed 3

Ramucirumab 3

Regorafenib 3

Ribociclib 3

Atezolizumab 2

Bicalutamide 2

Lanreotide 2

Pembrolizumab 2

Sirolimus 2

Streptozotocin 2

Telotristat 2

Temsirolimus 2

Vincristine 2

Afatinib 1

Albociclib 1

Anthracycline 1

Bortezomib 1

Brostallicin 1

Cabazitaxel 1

Cabozantinib 1

Cixutumumab 1

Durvalumab 1

Enzalutamide 1

Epirubicin 1

Estradiol 1

Evofosfamide 1

Falsodex 1

Fluoxymesterone 1

Ikpilimumab 1

Interleukin-2 1

Ipilimumab 1

Leuprolide 1

Levatinib 1

Mitoxantrone 1

Nivolumab 1

p38 MAP kinase inhibitor 1

Pamidronic acid 1

Phenylalanine mustard 1

Pixantrone 1

Poziotinib 1

Quarfloxin 1

Rovalpituzumab 1

Silmitasertib 1

Tanespimycin 1

Trabectedin 1

Tremelimumab 1

Triapine 1

Vandetanib 1

Varililumab 1

VEGF 1

Venlavaxine 1

Vismodegib 1
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High-risk breast lesions comprise a 
heterogeneous group of proliferative 
lesions that are precursors of breast 

carcinogenesis and are associated with a 
higher risk of future breast cancer develop-
ment.1,2 These lesions include atypical ductal 
hyperplasia (ADH), lobular neoplasia (LN) (a 
term encompassing both atypical lobular 
hyperplasia [(ALH) and lobular carcinoma in 
situ (LCIS)], intraductal papilloma (IP) with/
without atypia, flat epithelial atypia (FEA), 
and radial scars (RSs)/complex sclerosing 
lesions.3,4 Other terms used in the literature 
to describe these entities are “lesions of the 
breast with uncertain malignant potential”, 
“borderline lesions”, or “B3 lesions”. High-risk 
lesions are commonly detected due to the 
increased use of core or vacuum biopsy tech-
niques for screen-detected lesions. High-risk 
lesions are found in about 3%–9% of cases of 
percutaneous image-guided breast biopsies 
performed following a suspicious imaging 
finding.5,6

Percutaneous image-guided needle biop-
sy has become a standard approach for the 
tissue diagnosis of suspicious breast lesions. 
It is performed using either the core needle 
biopsy (CNB) or vacuum-assisted biopsy 
(VAB) technique. CNBs are usually performed 
under ultrasound (US) guidance, while ste-
reotactic system or magnetic resonance im-
aging (MRI) guidance is used for VABs. When 
the CNB/VAB detects a high-risk lesion, the 
possibility of missing the malignant compo-
nent of the lesion exists; ductal carcinoma in 

situ (DCIS) and invasive carcinoma can only 
be detected when surgical excision is per-
formed. The positive predictive value (PPV) 
for malignancy for CNB/VAB is about 10%–
30%.5,7,8

The appropriate management of a 
high-risk lesion following diagnosis us-
ing image-guided biopsy is controversial, 
and recommendations, including surgical 
excision and follow-up, vary for different 
lesions.9 Surgical excision has been used 
as a general approach to avoid missing 
an underlying malignancy.10 However, in 
recent studies, risk parameters have been 
identified to upgrade a lesion to suspected 
malignancy, allowing more conservative 
approaches in selected cases. To achieve 
consensus about managing high-risk le-
sions, the International Consensus Con-
ference was held in Zurich, Switzerland, in 
2016 and 2019. This conference introduced 
second-line VAB as an alternative to open 
surgical excision in most lesions, and sev-
eral guidelines were introduced for man-
aging these lesions.11

This multicenter study aimed to doc-
ument the excisional biopsy or follow-up 
results of high-risk lesions diagnosed on 
image-guided CNB/VAB and evaluate the 
clinical, imaging, and histologic features for 
associated malignancy risk. The possibility 
of an upgrade related to histologic subtype, 
tissue sampling, and other variables was also 
evaluated. 

Methods
This retrospective multicenter study in-

cluded 1.343 patients from 30 centers diag-
nosed with a high-risk lesion on image-guid-
ed CNB or VAB. The ethics committee of the 
Ege University Faculty of Medicine approved 
the study (approval number: 20-6T/41; date 
of approval: June 10, 2020). The study re-
viewed existing data, so patient consent was 
not required.

Patients 

Radiology records for the 12 years be-
tween 2008 and 2020 were reviewed for 
all image-guided biopsies and pathology 
reports. Patients diagnosed with ADH, LN 
(ALH/LCIS), papilloma (with or without atyp-
ia), RSs, or FEA on image-guided CNB/VAB 
were included. The needle biopsy could be 
performed using either US or stereotactic 
guidance and tru-cut or vacuum biopsy nee-
dles. In addition, patients managed with an 
excisional biopsy or those with at least one 
year of documented radiological follow-up 
after diagnosis with one of the above-men-
tioned high-risk lesions were included in 
the study. FEA, seen in conjunction with LN 
or ADH, was categorized under either LN 
or ADH as appropriate. Pleomorphic LCIS, 
fibroepithelial lesions, and mucocele-like 
tumors were excluded. Further, lesions asso-
ciated with in situ or invasive carcinoma on 
CNB were excluded.

PURPOSE
 

The clinical management of high-risk lesions using image-guided biopsy is challenging. This study aimed to evaluate the rates at which such lesions were 
upgraded to malignancy and identify possible predictive factors for upgrading high-risk lesions. 

METHODS
This retrospective multicenter analysis included 1.343 patients diagnosed with high-risk lesions using an image-guided core needle or vacuum-assisted 
biopsy (VAB). Only patients managed using an excisional biopsy or with at least one year of documented radiological follow-up were included. For each, 
the Breast Imaging Reporting and Data System (BI-RADS) category, number of samples, needle thickness, and lesion size were correlated with malignancy 
upgrade rates in different histologic subtypes. Pearson’s chi-squared test, the Fisher–Freeman–Halton test, and Fisher’s exact test were used for the sta-
tistical analyses.

RESULTS
 

The overall upgrade rate was 20.6%, with the highest rates in the subtypes of intraductal papilloma (IP) with atypia (44.7%; 55/123), followed by atypical 
ductal hyperplasia (ADH) (38.4%; 144/375), lobular neoplasia (LN) (12.7%; 7/55), papilloma without atypia (9.4%; 58/611), flat epithelial atypia (FEA) (8.7%; 
10/114), and radial scars (RSs) (4.6%; 3/65). There was a significant relationship between the upgrade rate and BI-RADS category, number of samples, and 
lesion size Lesion size was the most predictive factor for an upgrade in all subtypes.

CONCLUSION
ADH and atypical IP showed considerable upgrade rates to malignancy, requiring surgical excision. The LN, IP without atypia, pure FEA, and RS subtypes 
showed lower malignancy rates when the BI-RADS category was lower and in smaller lesions that had been adequately sampled using VAB. After being 
discussed in a multidisciplinary meeting, these cases could be managed with follow-up instead of excision.

KEYWORDS
Core needle biopsy, B3 lesions, breast cancer, image guided breast biopsy, vacuum assisted biopsy
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All patients were discussed at a multidis-
ciplinary meeting, and decisions were made 
based on biopsy and radiology findings. His-
topathologic diagnoses were made accord-
ing to the current guidelines.12

Data analysis

The images used in this study were re-
trieved from the Picture Archiving and Com-
munication System digital archive, and the 
results of mammograms, US images, and 
MRI scans were re-evaluated. The findings 
were categorized by imaging method, as 
follows: microcalcifications, a mass/nodular 
opacity, or suspicious non-mass findings (i.e., 
architectural distortion and asymmetry) on a 
mammogram; a mass/nodular lesion or non-
mass lesion (i.e., distortion or echogenicity 
changes) on a US examination; and a mass 
or non-mass contrast-enhancing lesion on 
an MRI scan. The patients without imaging 
findings were also noted. In each case, the le-
sion’s largest diameter was recorded and cat-
egorized into two groups: under and above 
15 mm. The final Breast Imaging Reporting 
and Data System (BI-RADS) category on the 
imaging reports was also documented.

Other data collected from the records in-
cluded the needle biopsy type and biopsy 
sampling method. The imaging-guidance 
modality was chosen based on the findings 
and visibility of the lesion on imaging. Ste-
reotactic guidance was usually preferred for 
microcalcifications, while US was used for 
lesions that were visible on the US. Stereo-
tactically guided biopsies were performed in 
182/1.343 (13.6%) patients on a prone table 
or an add-on unit using a 9 to 12 G direction-
al vacuum-assisted needle. US-guided biop-
sies were performed in 1.161/1.343 (86.4%) 
patients with an automated tru-cut system 
using 14 to 16 G needles with a 2-cm cut-
ting surface. The number of cores used was 
another analysis point, and this information 
was categorized as n <4 and n ≥4. 

The final pathology reports of the pa-
tients who had surgical excision or were 

stable for at least one year of follow-up 
were documented. The follow-up period 
varied between 12 and 180 months (me-
dian: 30 months). In total, 929 patients 
underwent surgical excisional biopsy, and 
414 were followed up with at six-month 
intervals. Recommendations for excision 
or surveillance were made in a multidisci-
plinary meeting. The pathological results 
of excisional biopsies were recorded as 
either no change in the primary diagnosis 
by needle biopsy or upgraded to indicate 
malignancy. The presence of DCIS or inva-
sive carcinoma on histologic examination 
after an excisional biopsy was regarded as 
necessitating an upgrade of the high-risk 
lesion. In follow-up patients, the diagno-
sis on needle biopsy was considered a 
compatible result if there was no change 
in the findings; however, a biopsy was rec-
ommended if any suspicious change was 
observed on follow-up.

The diagnosis on CNB/VAB and the out-
comes were compared, and the upgrade rate 
and PPV for malignancy [i.e., (number of ma-
lignant cases/total number of participants) 
× 100] were calculated. The association be-
tween the parameters described above and 
the upgrade rate or PPV for malignancy were 
evaluated.

Statistical analysis

All patient information was anonymously 
submitted to a medium in an anonymized 
manner via software from all included cen-
ters. Patient characteristics were reported 
as frequencies and percentages (%) for cat-
egorical variables, and descriptive statistics 
(mean, median, minimum, and maximum 
values) were calculated for continuous vari-
ables. If the variables had a normal distribu-
tion, the mean and standard deviation (SD) 
were given; otherwise, the median and range 
were given. Pearson’s chi-squared test, the 
Fisher–Freeman–Halton test, and Fisher’s ex-
act test were used to analyze the categorical 
variables in groups. A value of P < 0.05 was 
considered statistically significant. The data 
were analyzed using the IBM SPSS Statistics 
version 25.0 statistical software package.

Results
In total, 1.343 patients met our criteria, of 

which 375 (27.9%) had ADH, 55 (4.1%) had LN 
(ALH/LCIS), 611 (45.5%) had IP without atyp-
ia, 123 (9.2%) had IP with atypia, 114 (8.5%) 
had FEA, and 65 (4.8%) had RSs. The patients 
were between 17 and 86 years of age, with a 
mean age of 47.45 years (SD: 0.459).

In all cases, the upgrade rate to malig-
nancy was 20.6% (Table 1). Of these, 52% 
(144/277) were cases of ADH. Almost half 
(47.2%) of all upgrades were to invasive can-
cer. Upgrades to low-grade DCIS were more 
common than upgrades to high-grade DCIS 
(32.9% vs. 19.9%, respectively). According to 
the pathologic subtypes, IP with atypia was 
the most common type, with an upgrade 
rate of 44.7% (55 of 123 cases), followed by 
ADH (38.4%, 144 of 375 patients). The up-
grade rate was 12.7% in LN, 8.7% in FEA, 
9.4% in IP without atypia, and 4.6% in RSs. 
The pathological subtype had a statistically 
significant relationship with malignant vs. 
benign diagnosis P < 0.001).

In about half the cases (49%), the lesions 
were categorized as BI-RADS 4A lesions, fol-
lowed by BI-RADS 4B (26.7%), BI-RADS 4C 
(13.1%), and BI-RADS 5 (3.3%). These catego-
ries were most common in the subtypes ADH 
and IP with atypia. A biopsy was still recom-
mended in 7.9% of patients, although the 
lesions were categorized as BI-RADS 3. The 
malignancy upgrade rate had a statistical-
ly significant relationship with the BI-RADS 
category (P < 0.05). In the imaging findings, 
microcalcifications on mammograms were 
common in the LN, FEA, and ADH subtypes 
(70.3%, 64%, and 54.8%, respectively). The 
mass lesions detected on mammography, 
US, or MRI were most frequently IPs with or 
without atypia. Lesions presenting as non-
mass lesions on mammography, US, or MRI 
were seen in all subtypes. There was no sta-
tistically significant relationship between the 
imaging findings and upgrade rates. 

Table 2 summarizes the outcomes of bi-
opsy or follow-up and malignancy upgrade 
rate according to the BI-RADS category, nee-
dle size, number of samples, and lesion size. 
There was no statistically significant relation-
ship between malignancy upgrade rate and 
needle size (P > 0.05). However, the relation-
ship between the malignancy upgrade rate 
and the number of samples and lesion size 
was statistically significant (P = 0.008 and P 
< 0.001, respectively). Lesion sizes were be-
tween 4 and 135 mm (mean: 13.8; median: 
10), which was the most predictive factor for 
an upgrade when all the patients were ana-
lyzed together.

The results varied among the lesion sub-
types. In the ADH group, a statistically signif-
icant change in the upgrade rate was record-
ed according to BI-RADS category, needle 
thickness, number of samples, and lesion 
diameter (Table 3). The malignancy rate was 
higher in the BI-RADS 4C and 5-category le-

Main points

•	 High-risk breast lesions are a heteroge-
neous group of proliferative lesions that are 
precursors to breast carcinogenesis and are 
associated with a higher risk of future breast 
cancer.

•	 Clinical management of high-risk lesions 
using image-guided biopsy is challenging.

•	 High-risk breast lesions should be managed 
in a case-based manner after discussion 
among a multidisciplinary team.
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sions. The upgrade rate varied according to 
needle type, 41% vs. 28% for tru-cut vs. vac-
uum biopsies. The number of samples and 
lesion size correlated with upgrade rates, 
being 49.0% when there were fewer than 
four samples vs. 34.3% when there were four 
samples or more, and 29.1% vs. 51.6% for le-
sions ≤15 mm and >15 mm, respectively. In 
the multivariate analysis, the lesion diameter 
and needle size were the most predictive 
of a lower upgrade rate (20% when 9 to 12 
G needles were used for lesions ≤15 mm in 
size) (Table 4). 

The only statistically significant variable 
in the LN subtype was the BI-RADS category. 
There was no statistically significant correla-
tion between the needle thickness, number 
of samples, lesion size, and upgrade at the 
final diagnosis. In the multivariate analysis, 
the results did not predict malignancy when 
larger needle sizes were used in lesions ≤15 
mm (Table 4). 

In the IP without atypia and FEA sub-
types, the upgrade rate changed with the 
lesion diameter and BI-RADS category 
(Table 3). In the multivariate analysis, the 
patients who had IP without atypia, diag-

nosed using a 9 to 12 G needle and a lesion 
≤15 mm, were all in the benign group (n 
= 34; Table 4). In IP without atypia, the up-
grade rate was 6% in patients with lesions 
≤15 mm, in whom 14 to 16 G needles were 
used for sampling, vs. 18% in patients with 
lesions >15 mm, in whom samples were 
taken using the same needle size. The dif-
ference between these results was statisti-
cally significant. The percentage of upgrade 
to malignancy did not change even when 
9 to 12 G needles were used in lesions >15 
mm (18%). In the FEA subtype, there was no 
malignancy at final diagnosis when 14 to 16 
G needles were used to sample lesions ≤15 
mm in 44 patients; however, the upgrade 
rate was 20% with the same needle size 
when the lesion size was >15 mm. The up-
grade rate also varied with lesion size when 
9 to 12 G needles were used (4% for lesions 
≤15 mm, and 17% for lesions >15 mm) (P = 
0.002; Table 4).

In patients with atypical IP, a statistically 
significant difference was found between le-
sion size and an upgrade to malignancy (Ta-
ble 3). Of the 123 atypical IP lesions, 121 were 
sampled with 14 to 16 G needles, and the 
malignancy rate was 38% for lesions ≤15 mm 

in size and 57% for those >15 mm, which was 
statistically significant (P = 0.043; Table 4).

In the RS subtype, a statistically significant 
difference was found between needle size 
and upgrade to malignancy (P = 0.038; Table 
3). Fourteen to 16 G needles were used for all 
these lesions, and the 42 lesions that were 
≤15 mm in size were all benign at the final 
diagnosis. The other predictive factor for the 
upgrade was lesion size, with only one malig-
nant of the 46 RS lesions ≤15 mm (Table 4). 

Discussion
This multicenter study reviewed the out-

comes of surgical biopsies and long-term 
follow-up visits of high-risk lesions (B3 le-
sions) diagnosed using a CNB. More than 
two-thirds of the patients (n = 929) under-
went a surgical biopsy, and 20.6% were 
found to have a breast malignancy. At final 
diagnosis, more than half of all malignancies 
were DCIS (52.8%), and low-grade DCIS was 
more common than high-grade DCIS (32.9% 
vs. 19.9%, respectively). In the literature, the 
PPVs ranged from 9.9% to 35.1% when all 
subtypes of B3 lesions were included.7,13,14 
Bianchi et al.7 reviewed 3.107 cases and re-

Table 1. Upgrade to malignancy related to subtypes of high-risk lesions

Pathology subtype 
n (%)

Benign n (%) Malignant n (%) Total (n)  P

Low-grade DCIS
n (%)

High-grade DCIS
n (%)

Invasive carcinoma 
n (%)

Total n (%)

ADH 231 (61.6) 42 (11.2) 37 (9.8) 65 (17.3) 144 (38.4) 375

<0.001*

LN 48 (87.3) 1 (1.8) 2 (3.6) 4 (7.3) 7 (12.7) 55

RS 62 (95.4) 0 (0) 2 (3.1) 1 (1.5) 3 (4.6) 65

IP with atypia 68 (55.3) 19 (15.4) 7 (5.7) 29 (23.6) 55 (44.7) 123

FEA 104 (91.2) 4 (3.6) 3 (2.6) 3 (2.6) 10 (8.8) 114

IP without atypia 553 (90.5) 25 (4.1) 4 (0.6) 29 (4.8) 58 (9.5) 611

Total 1.066 (79.4) 91 (6.8) 55 (4.1) 131 (9.7) 277 (20.6) 1.343

Benign, benign and stable on follow-up; *P < 0.05. ADH, atypical ductal hyperplasia; LN, lobular neoplasia; RS, radial scar; IP, intraductal papilloma; FEA, flat epithelial atypia; DCIS, 
ductal carcinoma in situ.

Table 2. Distribution of malignancy upgrade according to BI-RADS category, needle size, number of samples, and lesion size

Benign n (%) Malignant n (%) Total n  P

BI-RADS category
BI-RADS 3–4A–B 949 (84.5) 174 (15.5) 1,123

<0.001*
BI-RADS 4C–5 117 (53.2) 103 (46.8) 220

Needle thickness
9–12 gauge 152 (84.0) 29 (16.0) 181

0.100
14–16 gauge 914 (78.7) 248 (21.3) 1.162

Number of samples
<4 309 (75.0) 103 (25.0) 412

0.008*
≥4 757 (81.3) 174 (18.7) 931

Diameter of lesion
≤15 mm 753 (86.0) 123 (14.0) 876

<0.001*
>15 mm 313 (67.0) 154 (33.0) 467

Benign, benign and stable on follow-up; *P < 0.05. BI-RADS, Breast Imaging Reporting and Data System.
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ported a 21.2% upgrade rate, similar to this 
study’s results. In addition, the number of 
DCIS cases was higher than that of invasive 
cancers in studies by Houssami et al.14 and 
Strachan et al.15

Several variables should be considered 
when deciding what the next steps should 
be following a diagnosis of a high-risk le-
sion of the breast through an image-guid-
ed needle biopsy. In this study, upgrades 
to malignancy were associated with the BI-
RADS category, the number of samples tak-
en, and the lesion size. The lesion size was 
the most predictive factor for an upgrade, 
the rate being 14% vs. 33% for tumors that 
were ≤15 mm vs. those that were >15 mm 
in size, respectively. The underestimation 
rate was reduced with more sampling, 
18.7% for four samples or more and 25% 
for fewer than four samples. In all lesions, 
16.4% were categorized as BI-RADS 4C or 5, 
and the malignancy rate in this group was 
47.2% vs. 15.5% for BI-RADS 3 or 4A–B le-
sions. These results show the importance of 
the BI-RADS classification and the radiolog-
ic–pathologic concordance of the lesions. 
There was no statistically significant rela-
tionship between radiologic findings (i.e., 
calcification and mass or non-mass lesion) 
and upgrade rate. 

In managing high-risk lesions, surveys 
have shown significant variation in the rec-
ommendations of radiologists, pathologists, 
and surgeons.9,16,17 Surgical excision has tra-
ditionally been performed as a safe option to 
exclude any associated adjacent malignancy 
that could have been missed when perform-
ing a CNB on high-risk lesions. However, 
high-risk breast lesions comprise a variety of 
lesion subtypes, showing different radiologic 
and histologic features and levels of malig-
nancy risk.11 Malignancy diagnosed at surgi-
cal excision is more frequent in lesions with 
atypia than in those without. In the present 
study, an associated DCIS or invasive cancer 
malignancy was most commonly seen in 
cases of atypical IP (upgrade rate of 44.7%), 
followed by ADH (38.4%). Accordingly, this 
study’s results indicate that the surgical ex-
cision of these two categories of lesions is 
warranted. Strachan et al.15, Rakha et al.18, 
and de Beça et al.19 also reported that the un-
derestimation of malignancy is much higher 
in lesions with atypia than in those without 
atypia. Moreover, distinguishing ADH from a 
low-grade DCIS through a pathology review 
can be difficult. As such, the management of 
these two lesion types was consistent, with 
excision still being recommended in the 
guidelines for both. However, alternatives 

such as further sampling or surveillance can 
be considered for lesions without atypia.11,20 

The reported rates of underlying co-exist-
ing malignancy for ADH diagnosed by nee-
dle biopsy varied between 4% and 54%, with 
a pooled median diagnosis upgrade rate of 
25%.1,21 There have been efforts to identify 
indicators of ADH lesions with a low risk of 
being upgraded to malignancy. Several his-
topathologic criteria, including the extent of 
the ADH and percentage of lesion removal, 
were found to be predictive factors of the 
upgrade rate.22-24 While the present study did 
not evaluate any histopathologic parame-
ters, the variables of biopsy type, needle size, 
number of samples, lesion size, and BI-RADS 
category of the lesion all showed a statisti-
cally significant correlation with the upgrade 
rate. ADH lesions ≤15 mm sampled with 
larger core needle sizes had a lower upgrade 
rate. However, this rate was too high to avoid 
excisional biopsy, which was done in 11 of 56 
cases. Schiaffino et al.25 proposed the conser-
vative management of ADH only in a highly 
selective group of patients diagnosed using 
a stereotactic VAB for a single group of micro-
calcifications, without residual findings, and 
without a high percentage of hyperplasia at 
histological assessment.

In the current study, the upgrade rate 
within the subtype of LN was 12.7%. Pleo-
morphic types and variants of LCIS were 
excluded from this study, as there is already 
a consensus that excision is necessary for 
such types to ensure no underlying cancer 
is missed.26 The BI-RADS score, lesion size, 
and needle type predicted an upgrade to 
LN carcinoma. Lesions measuring ≤15 mm 
and sampled with 9 to 12 G VAB needles 
were benign at surgical excision; however, 
the upgrade rate was 10% when 14 to 16 G 
needles were used for the same lesion sizes. 
The malignancy rate for lesions >15 mm also 
changed depending on the needle type, 40% 
for vacuum and 20% for core biopsy needles. 
Although the upgrade rate in LN has been re-
ported to range between 0% and 50% in the 
literature.4,27-29 Recent studies have shown 
that the upgrade rates decrease significant-
ly when the BI-RADS score and pathologic 
results are concordant.30-33 Mooney et al.6 re-
ported a 5% upgrade rate upon excision for 
LN diagnosed incidentally vs. a 39% upgrade 
rate for targeted lesions. Therefore, routine 
excision is no longer required in all ALH or 
LCIS cases.34

In the current study, the upgrade rate for 
IP with atypia was 44.7%, and for IP without 
atypia, 9.4%. A meta-analysis demonstrated 

a 15.7% pooled underestimation for non-ma-
lignant papillary breast lesions, with high-
er rates among atypical lesions (i.e., 36.9% 
for atypical lesions vs. 7% for benign IPs).35 
Therefore, there is no debate that surgical 
excision should be done after diagnosing 
atypical papillary breast lesions on core bi-
opsy. However, there is no consensus on how 
best to manage benign IPs. In the current 
study, the lesion diameter and BI-RADS score 
correlated with an upgrade to malignancy in 
IPs without atypia. No malignancy was found 
in lesions ≤15 mm, sampled with larger nee-
dle sizes. When sampling lesions of the same 
size with 14 to 16 G needles, the upgrade rate 
was 6.1%. It has previously been demonstrat-
ed that lesions >15 mm in a peripheral loca-
tion, with image-pathology discordance, are 
associated with a significant risk of upgrade 
to malignancy.36

Recent studies have suggested that imag-
ing follow-up may be reasonable in selected 
cases, including radiologically concordant or 
incidentally detected benign IPs of ≤15 mm 
diagnosed using large-gauge core biopsy 
needles.37-39 Pareja et al.40 found an upgrade 
rate of 2.3% in their evaluation of 171 radio-
logic–pathologic concordant IPs without 
atypia. In a study by Menes et al.41, upgrades 
to cancer occurred in 2% of asymptomatic 
women diagnosed with a benign papillary 
lesion using a needle biopsy following a 
mammogram showing a lesion classified as 
BI-RADS 4. From these results, imaging fol-
low-up seems reasonable for benign papil-
lomas found to be small upon core biopsy, 
adequately sampled, and radiologically con-
cordant.

For the pure FEA subtype, the reported 
malignancy upgrade rates vary widely; most 
published studies have recommended ex-
cision. However, in several recent studies, 
imaging follow-up has been proposed for 
patients without residual calcifications.42,43 
In the present study, these upgrade rates 
were statistically significantly correlated with 
lesion diameter and BI-RADS score. The rate 
was 1.5% for lesions ≤15 mm. In relation to 
needle sizes, the upgrade rate was 0% (0/44 
cases) for 14 to 16 G and 4% (1/23 cases) 
for 9 to 12 G needle sizes. A sampling error 
may have caused the only positive case in 
this study. In a recent systematic review and 
meta-analysis including 2.482 cases across 
42 studies, this rate was 5%; however, when 
more than 90% of the calcifications were re-
moved, no cancer was found at excision, and 
close imaging follow-up was recommended 
for such patients.44 Schiaffino et al.45 found a 
malignancy rate of less than 2% in patients 
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diagnosed using VAB with no residual mi-
crocalcifications in concordant findings. The 
World Health Organization Working Group 
proposed observation as an acceptable man-
agement strategy for radiological–patholog-
ical correlated pure FEA.46

The upgrade rate was 4.6% for RSs in this 
study. When the lesion was ≤15 mm, the rate 
of associated malignancy at surgical excision 
was 2.2% (1/46 cases). There are variable re-
sults in the literature, ranging between 0% 

and 40%.47 In a meta-analysis of 49 studies, 
including 3.163 RS cases with surgical out-
comes, the pooled upgrade rate was 7%; yet 
in the subtype assessed with an 8 to 11 G VAB 
needle and lacking atypia, this rate was 1%.48 
Li et al.49 and Conlon et al.50 found 0.9% and 
2% upgrade rates in patients without atypia. 
Accordingly, imaging surveillance seems to 
be a reasonable option for selected patients.

The large sample size of high-risk lesions 
in each subtype and the multicenter design 

are major strengths of the current study. This 
makes the statistical analysis more valuable. 
However, this study has several limitations, in-
cluding its retrospective design, which could 
have resulted in missing data, and the poten-
tial differences in the clinical practices used for 
selecting and managing patients in different 
centers. Last, this study did not look at long-
term follow-up results for the participants.

In conclusion, high-risk lesions identi-
fied by needle biopsy do not follow similar 

Table 3. Distribution of malignancy upgrade in different subtypes of high-risk lesions according to various variables                                                                                               Table 3. Continued

ADH (n = 375) IP without atypia (n = 611) RS (n = 65) FEA (n = 114) LN (n = 35) IP with atypia (n = 123)

Malignant
n (%)

Benign
n (%)

 P Malignant
n (%)

Benign
n (%)

P Malignant
n (%)

Benign
n (%)

P Malignant 
n (%)

Benign  
n (%)

P Malignant 
n (%)

Benign n 
(%)

P Malignant 
n (%)

Benign  
n (%)

P

Mammography
finding

Microcalcification 57 (40.4) 84 
(59.6)

0.473

11 (15.7) 59 (84.3)

0.784

1 (11.1) 8 (88.9)

1.000
Mammography
finding

Microcalcification 8 40 (83.3)

0.230

2 (10.5) 17 (89.5)

1.000

6 (66.7) 3 (33.3)

0.245Mass 31 (48.4) 33 
(51.6) 18 (12.5) 126 (87.5) 0 (0) 5 (100) Mass 1 12 (92.3) 0 (0) 2 (100) 21 (47.7) 23 (52.3)

Non mass 20 (38.5) 32 
(61.5) 7 (12.3) 50 (87.7) 1 (5.9) 16 (94.1) Non mass 0(0) 14(100) 1 (16.7) 5 (83.3) 13 (68.4) 6 (31.6)

Microcalcification 
morphology

Amorphous 14 (37.8) 23 
(62,2)

0.330

4 (12.5) 28 (87.5)

0.782

1 (14.3) 6(85,7)

1.000 Microcalcification 
morphology

Amorphous 3 (10.7) 25 (89.3)

0.269

1 (12.5) 7 (87.5)

1.000

2 (50.0) 2 (50.0)

0.600

Coarse heterogeneous 7 (41.2) 10 
(58.8) 2 (20.0) 8 (80.0) 0 (0) 1 (100) Coarse 

heterogeneous 1 (33.3) 2 (66.7) 0 (0) 0 (0) 2 (100) 0 (0)

Newly identified 
suspect 3 (21.4) 11 

(78.6) 0 (0) 2 (100) 0 (0) 0 (0) Newly identified 
suspect 0 (0) 4 (100) 1 (20.0) 4 (80.0) 0 (0) 0 (0)

Fine linear 10 (58.8) 7 (41.2) 1 (25.0) 3 (75.0) 0 (0) 0 (0) Fine linear 1 (33.3) 2 (66.7) 0 (0) 1 (100) 1 (100) 0 (0)

Fine pleomorphic 23 (41.1) 33 
(58.9) 4 (18.2) 18 (81.8) 0 (0) 1 (100) Fine pleomorphic 3 (30.0) 7 (70.0) 0 (0) 5 (100) 1 (33.3) 2 (66.7)

Ultrasonography
finding

Mass 72 (39.3) 111 
(60.7)

0.290
49 (9.7) 457 (90.3)

<0.001*
0 (0) 29 (100)

0.493 Ultrasonography
finding

Mass 0 (0) 44 (100)
0.003*

4 (19.0) 17 (81.0)
0.355

48 (42.9) 64 (57. 1)
0.077

Non mass 55 (45.5) 66 
(54.5) 88 (10.1) 71 (89.9) 2 (6.3) 30 (93.8) Non mass 7 (18.4) 31 (81.6) 1 (5.9) 16 (94.1) 7 (77.8) 2 (22.2)

MRI finding
Mass 29 (36,7) 50 

(63.3)
0.368

27 (13.0) 180 (87.0)
<0.001*

0 (0) 14 (100)
0.224 MRI finding

Mass 0 (0) 25 (100)
0.030*

2 (22.2) 7 (77.8)
1.000

15 (37.5) 25 (62.5)
0.084

Non mass 48 (44.0) 61 
(56.0) 31 (32.6) 64 (67.4) 3(20.0) 12 (80.0) Non mass 6 (18.8) 26 (81.3) 4 (19.0) 17 (81.0) 7 (70.0) 3 (30.0)

Lesion diameter
≤1.5 cm 64 (29.1) 156 

(70.9)
<0.001*

24 (5.6) 403 (94.4)
<0.001*

1 (2.2) 45 (97.8)
0.202 Lesion diameter

≤1.5 cm 1 (1.5) 67 (98.5)
0.001*

2 (5.7) 33 (94.3)
0.086

31 (38.3) 50 (61.7)
0.046*

>1.5 cm 80 (51.6) 75 
(48.4) 34 (18.5) 150(81,5) 2 (10.5) 17 (89.5) >1.5 cm 9 (19.6) 37 (80.4) 5 (25.0) 15 (75.0) 24 (57.1) 18 (42.9)

BI-RADS
3, 4A, 4B 82 (31.1) 182 

(68.9)
<0.001*

43 (7.7) 519 (92.3)
<0.001*

2 (3.4) 56 (96.6)
0.294 BI-RADS

3, 4A, 4B 1 (1.1) 93 (98.9)
<0.001*

3 (6.4) 44 (93.6)
0.006*

43 (43.9) 55 (56.1)
0.711

4C–5 62 (55.9) 49 
(44.1) 15 (30.6) 34 (69.4) 1 (14.3) 6 (85.7) 4C–5 9 (45.0) 11 (55.0) 4 (50.0) 4 (50.0) 12 (48.0) 13 (52.0)

Needle thickness
9–12 G 20 (27.8) 52 

(72.2)
0.039*

2 (4.4) 43 (95.6)
0.298

2 (25.0) 6 (75.0)
0.038* Needle thickness

9–12 G 3 (8.6) 32 (91.4)
1.000

2 (10.0) 18 (90.0)
1.000

1 (50.0) 1 (50.0)
1.000

14–16 G 124 (40.9) 179 
(59.1) 56 (9.9) 510 (90.1) 1 (1.8) 56 (98.2) 14–16 G 7 (8.9) 72 (91.1) 5 (14.3) 30 (85.7) 54 (44.6) 67 (55.4)

Number of samples
<4 51 (49.0) 53 

(51.0)
0.009*

26 (12.3) 186 (87.7)
0.088

1 (5.9) 16 (94.1)
1.000 Number of samples

<4 4 (16.0) 21 (84.0)
0.222

2 (18.2) 9 (81.8)
0.617

19 (44.2) 24 (55.8)
0.931

≥4 93 (34.3) 178 
(65.7) 32 (8.0) 367 (92.0) 2 (4.2) 46 (95.8) ≥4 6 (6.7) 83 (93.3) 5 (11.4) 39 (88.6) 36 (45.0) 44 (55.0)

Benign, benign and stable on follow-up; *P < 0.05. ADH, atypical ductal hyperplasia; LN, lobular neoplasia; RS, radial scar; IP, intraductal papilloma; FEA, flat epithelial 
atypia.
MRI, magnetic resonance imaging; BI-RADS, Breast Imaging Reporting and Data System.
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patterns; routine excision is unnecessary 
for every lesion. This study’s upgrade rates 
to malignancy were related to the subtype, 
presence of atypia, and other variables, 
such as the BI-RADS score, lesion size, biop-
sy method used, and sampling adequacy. 
Because of these variables, there cannot be 
a general recommendation for all high-risk 
lesions of the breast. Clinical, radiologic, 
and pathologic features should all be re-
viewed before deciding whether surgical 

excision or close follow-up is most appro-
priate for a lesion. For ADH, although cur-
rent guidelines recommend surveillance 
for small-volume lesions that are entirely 
removed through core biopsy, the recom-
mendation remains typical management 
of surgical excision. IP with atypia also re-
quires excision following CNB/VAB because 
of the high rate of associated malignancy. 
For LN, IP without atypia, pure FEA and RSs, 
underestimation rates were related to the 

BI-RADS score and, therefore, to radiolo-
gy–pathology concordance, sampling ad-
equacy, and lesion size. The upgrade rates 
increased with higher BI-RADS scores and 
lesion size in conjunction with insufficient 
tissue sampling. Boateng et al.10 reported 
lower rates when large core needles (i.e., 9 
to 11 G) were used and higher rates when 
14 G needles were used. Therefore, all cases 
should be managed case-wise after a mul-
tidisciplinary team discussion.

Table 3. Distribution of malignancy upgrade in different subtypes of high-risk lesions according to various variables                                                                                               Table 3. Continued

ADH (n = 375) IP without atypia (n = 611) RS (n = 65) FEA (n = 114) LN (n = 35) IP with atypia (n = 123)

Malignant
n (%)

Benign
n (%)

 P Malignant
n (%)

Benign
n (%)

P Malignant
n (%)

Benign
n (%)

P Malignant 
n (%)

Benign  
n (%)

P Malignant 
n (%)

Benign n 
(%)

P Malignant 
n (%)

Benign  
n (%)

P

Mammography
finding

Microcalcification 57 (40.4) 84 
(59.6)

0.473

11 (15.7) 59 (84.3)

0.784

1 (11.1) 8 (88.9)

1.000
Mammography
finding

Microcalcification 8 40 (83.3)

0.230

2 (10.5) 17 (89.5)

1.000

6 (66.7) 3 (33.3)

0.245Mass 31 (48.4) 33 
(51.6) 18 (12.5) 126 (87.5) 0 (0) 5 (100) Mass 1 12 (92.3) 0 (0) 2 (100) 21 (47.7) 23 (52.3)

Non mass 20 (38.5) 32 
(61.5) 7 (12.3) 50 (87.7) 1 (5.9) 16 (94.1) Non mass 0(0) 14(100) 1 (16.7) 5 (83.3) 13 (68.4) 6 (31.6)

Microcalcification 
morphology

Amorphous 14 (37.8) 23 
(62,2)

0.330

4 (12.5) 28 (87.5)

0.782

1 (14.3) 6(85,7)

1.000 Microcalcification 
morphology

Amorphous 3 (10.7) 25 (89.3)

0.269

1 (12.5) 7 (87.5)

1.000

2 (50.0) 2 (50.0)

0.600

Coarse heterogeneous 7 (41.2) 10 
(58.8) 2 (20.0) 8 (80.0) 0 (0) 1 (100) Coarse 

heterogeneous 1 (33.3) 2 (66.7) 0 (0) 0 (0) 2 (100) 0 (0)

Newly identified 
suspect 3 (21.4) 11 

(78.6) 0 (0) 2 (100) 0 (0) 0 (0) Newly identified 
suspect 0 (0) 4 (100) 1 (20.0) 4 (80.0) 0 (0) 0 (0)

Fine linear 10 (58.8) 7 (41.2) 1 (25.0) 3 (75.0) 0 (0) 0 (0) Fine linear 1 (33.3) 2 (66.7) 0 (0) 1 (100) 1 (100) 0 (0)

Fine pleomorphic 23 (41.1) 33 
(58.9) 4 (18.2) 18 (81.8) 0 (0) 1 (100) Fine pleomorphic 3 (30.0) 7 (70.0) 0 (0) 5 (100) 1 (33.3) 2 (66.7)

Ultrasonography
finding

Mass 72 (39.3) 111 
(60.7)

0.290
49 (9.7) 457 (90.3)

<0.001*
0 (0) 29 (100)

0.493 Ultrasonography
finding

Mass 0 (0) 44 (100)
0.003*

4 (19.0) 17 (81.0)
0.355

48 (42.9) 64 (57. 1)
0.077

Non mass 55 (45.5) 66 
(54.5) 88 (10.1) 71 (89.9) 2 (6.3) 30 (93.8) Non mass 7 (18.4) 31 (81.6) 1 (5.9) 16 (94.1) 7 (77.8) 2 (22.2)

MRI finding
Mass 29 (36,7) 50 

(63.3)
0.368

27 (13.0) 180 (87.0)
<0.001*

0 (0) 14 (100)
0.224 MRI finding

Mass 0 (0) 25 (100)
0.030*

2 (22.2) 7 (77.8)
1.000

15 (37.5) 25 (62.5)
0.084

Non mass 48 (44.0) 61 
(56.0) 31 (32.6) 64 (67.4) 3(20.0) 12 (80.0) Non mass 6 (18.8) 26 (81.3) 4 (19.0) 17 (81.0) 7 (70.0) 3 (30.0)

Lesion diameter
≤1.5 cm 64 (29.1) 156 

(70.9)
<0.001*

24 (5.6) 403 (94.4)
<0.001*

1 (2.2) 45 (97.8)
0.202 Lesion diameter

≤1.5 cm 1 (1.5) 67 (98.5)
0.001*

2 (5.7) 33 (94.3)
0.086

31 (38.3) 50 (61.7)
0.046*

>1.5 cm 80 (51.6) 75 
(48.4) 34 (18.5) 150(81,5) 2 (10.5) 17 (89.5) >1.5 cm 9 (19.6) 37 (80.4) 5 (25.0) 15 (75.0) 24 (57.1) 18 (42.9)

BI-RADS
3, 4A, 4B 82 (31.1) 182 

(68.9)
<0.001*

43 (7.7) 519 (92.3)
<0.001*

2 (3.4) 56 (96.6)
0.294 BI-RADS

3, 4A, 4B 1 (1.1) 93 (98.9)
<0.001*

3 (6.4) 44 (93.6)
0.006*

43 (43.9) 55 (56.1)
0.711

4C–5 62 (55.9) 49 
(44.1) 15 (30.6) 34 (69.4) 1 (14.3) 6 (85.7) 4C–5 9 (45.0) 11 (55.0) 4 (50.0) 4 (50.0) 12 (48.0) 13 (52.0)

Needle thickness
9–12 G 20 (27.8) 52 

(72.2)
0.039*

2 (4.4) 43 (95.6)
0.298

2 (25.0) 6 (75.0)
0.038* Needle thickness

9–12 G 3 (8.6) 32 (91.4)
1.000

2 (10.0) 18 (90.0)
1.000

1 (50.0) 1 (50.0)
1.000

14–16 G 124 (40.9) 179 
(59.1) 56 (9.9) 510 (90.1) 1 (1.8) 56 (98.2) 14–16 G 7 (8.9) 72 (91.1) 5 (14.3) 30 (85.7) 54 (44.6) 67 (55.4)

Number of samples
<4 51 (49.0) 53 

(51.0)
0.009*

26 (12.3) 186 (87.7)
0.088

1 (5.9) 16 (94.1)
1.000 Number of samples

<4 4 (16.0) 21 (84.0)
0.222

2 (18.2) 9 (81.8)
0.617

19 (44.2) 24 (55.8)
0.931

≥4 93 (34.3) 178 
(65.7) 32 (8.0) 367 (92.0) 2 (4.2) 46 (95.8) ≥4 6 (6.7) 83 (93.3) 5 (11.4) 39 (88.6) 36 (45.0) 44 (55.0)

Benign, benign and stable on follow-up; *P < 0.05. ADH, atypical ductal hyperplasia; LN, lobular neoplasia; RS, radial scar; IP, intraductal papilloma; FEA, flat epithelial 
atypia.
MRI, magnetic resonance imaging; BI-RADS, Breast Imaging Reporting and Data System.
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PURPOSE
This study aimed to investigate the effect of using a deep neural network (DNN) in breast cancer 
(BC) detection.

METHODS
In this retrospective study, a DNN-based model was constructed from a total of 880 mammograms 
that 220 patients underwent between April and June 2020. The mammograms were reviewed by 
two senior and two junior radiologists with and without the aid of the DNN model. The perfor-
mance of the network was assessed by comparing the area under the curve (AUC) and receiver 
operating characteristic curves for the detection of four features of malignancy (masses, calcifica-
tions, asymmetries, and architectural distortions), with and without the aid of the DNN model and 
by the senior and junior radiologists. Additionally, the effect of utilizing the DNN on diagnosis time 
for both the senior and junior radiologists was evaluated. 

RESULTS
The AUCs of the model for the detection of mass and calcification were 0.877 and 0.937, respective-
ly. In the senior radiologist group, the AUC values for evaluation of mass, calcification, and asym-
metric compaction were significantly higher with the DNN model than those obtained without the 
model. Similar effects were observed in the junior radiologist group, but the increase in the AUC 
values was even more dramatic. The median mammogram assessment time of the junior and senior 
radiologists was 572 (357–951) s, and 273.5 (129–469) s, respectively, with the DNN model, and the 
corresponding assessment time without the model, was 739 (445–1003) s and 321 (195–491) s, 
respectively. 

CONCLUSION
The DNN model exhibited high accuracy in detecting the four named features of BC and effectively 
shortened the review time by both senior and junior radiologists.

KEYWORDS
Breast cancer, deep neural network, mammography

Breast cancer (BC) is the most common cancer and the second leading cause of cancer 
deaths in women worldwide,1 but there is a large difference in the survival rate of BC 
patients who live in different countries. In particular, the five-year survival rate of BC pa-

tients in China is much lower than that in developed countries, such as the United States.2 One 
of the main reasons for this discrepancy is the low early diagnosis rate in China.3 Therefore, the 
accurate and early diagnosis of BC is critical for early treatment options and for reducing BC 
mortality in China. 

Mammography is the most effective screening method for BC and has been shown to in-
crease the detection rate and reduce the mortality rate of BC.4-6 Mammography images can 
clearly show the tissues and glands of the breast as well as the surrounding areas through 
non-invasive methods. Such images facilitate the identification of lumps, burrs, slight calci-
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fications, and cancer spread and metasta-
sis in the breast. Notably, mammography 
approaches have advantages over similar 
imaging techniques, such as ultrasound, in 
detecting microcalcifications.7 However, it is 
very difficult to locate and characterize a le-
sion, and the consistency of doing so across 
doctors is very poor.8,9 Lehman et al.10 report-
ed that the average sensitivity and specificity 
of reviewing mammography images were 
86.9% and 88.9%, respectively. In addition, 
the false positive and false negative rates 
of mammography assessment are approx-
imately 7%–12% and 4%–34%, respective-
ly.11,12 Nevertheless, mammography remains 
the gold standard for the detection of ma-
lignancy, with its high resolution enabling 
the detection of masses, microcalcifications, 
asymmetries, and architectural distortions. 
For the detection of microcalcifications, in 
particular, mammography has distinct ad-
vantages over ultrasound. To detect malig-
nancy, radiologists have to review a large 
number of images, particularly with digital 
breast tomosynthesis, which impacts inter-
pretation time. Additionally, because the 
detection of malignancy depends on factors 
such as breast density, identifying and accu-
rately localizing a lesion can differ from one 
physician to another.

Several machine learning algorithms have 
been applied to the research of mammog-
raphy data in recent years. In 2014, Wang 
et al.13 proposed a breast tumor detection 
algorithm based on the extreme learning 
machine, which performs breast tumor edge 
segmentation for the microscopic detection 
of a tumor. Similarly, Agrawal et al.14 used a 
support vector machine to perform feature 
extraction on the segmented region in the 
mammogram X-ray image and then target 
detection, which effectively segmented the 
tumor mass region within the normal chest 
parenchyma. Deep learning approaches 
used in medical imaging fields leverage the 

use of more sophisticated algorithms and 
image processing technology to assess sam-
ples with a more refined decomposition of 
tissue properties. The continuing maturity of 
deep learning technology can help doctors 
perform more accurate localization and di-
agnosis of pathological tissues. These algo-
rithms were found to decrease interpretation 
time, which facilitates more rapid treatment. 

In recent years, many scholars have ap-
plied deep learning algorithms to medical 
image recognition problems.15,16 Bayramoglu 
et al.17 proposed two different architectures 
based on a convolutional neural network to 
predict malignant breast tumors. Zhang et 
al.18 constructed a two-layer deep learning 
architecture to automatically extract im-
aging features for classification, and their 
model performed well in terms of classifi-
cation accuracy, sensitivity, and specificity. 

Mohamed et al.19 built and trained a convolu-
tional neural network model based on mam-
mography images to accurately and rapidly 
classify breast density to clarify the risk of BC, 
and the area under the curve (AUC) of the 
model classification reached 0.992. 

However, current deep learning ap-
proaches in BC research are mostly based on 
pathological images or algorithm optimiza-
tion techniques that aim to better segment 
images. Therefore, it is necessary to establish 
a reliable model for assessing BC in mam-
mography images that is comparable to a 
radiologist’s assessment. This study inves-
tigates the effect of a deep neural network 
(DNN) on BC detection in clinical practice.

Methods

Study design

The study was approved by the research 
ethics review board of Peking University (ap-
proval number: 2020-011), and informed con-
sent was waived because it was a retrospec-
tive study. Mammography images acquired 
consecutively between April 2020 and June 
2020 at a single institution were analyzed, 
and all of them were anonymized. The exclu-
sion criteria included cases with prior benign 
and malignant breast surgery, breast reduc-
tion, breast augmentation, chemotherapy, 
radiation therapy, or unknown results from 
prior biopsies. All mammography analyses 
were performed by two radiologists expe-
rienced in assessing breast mammography 
images. The lesions were divided into four 
categories according to the corresponding 
mammograms, magnetic resonance imag-
ing (MRI), and pathological results. True-pos-

itive/negative and false-positive/negative 
cases were identified by a positive/negative 
result of the radiologist assessment and con-
firmation or negation based on MRI and/or 
pathological evaluation, respectively. Four 
mammogram images were acquired for each 
patient and included two images in a medio-
lateral oblique projection (MLO) and two im-
ages in a cranial-caudal projection (CC).

Development of a DNN model	

Faster R-CNN was employed as the deep 
learning framework for model detection, and 
ResNet50 was used for feature extraction. 
The feature pyramid network was used to 
construct new features based on data aug-
mentation techniques. Features were fused 
in different convolutional layers of the Res-
Net, ensuring that the model incorporated 
multi-scale information to improve the abil-
ity to detect small lesions. The lesion detec-
tion network is shown in Figure 1. 

Image resizing for uniform resolution: 
The size of the input image was converted to 
a pixel size of 0.15 mm x 0.15 mm. Random 
cropping was used for data expansion at a 
rate of 0.8-1.2 times the size of the original 
image. Images were also randomly flipped 
horizontally. The model training used four 
NVIDIA TITAN RTX P8 graphics cards with a 
configuration of 28 GB video memory and a 
batch size of four images.

Algorithm optimization: The momentum 
stochastic gradient descent learning rate 
was 0.005. The learning rate was adjusted ac-
cording to the number of iterations using the 
learning rate scheduler method for learning 
rate decay. The L2-norm regularization pa-
rameter weight decay was 0.0001. The max-
imum number of iterations was set to 25,000, 
and the number of warm-start iterations was 
500. In the test phase, horizontal and vertical 
flips were used to expand the data.

Image gray-level normalization: If the 
original gray value was not compatible with 
the algorithm for subsequent prediction, the 
grayscale of the image was normalized to 
ensure consistency in the gray value range 
across different images. The grayscale of the 
segmented region was recorded, and the 
gray level was linearly mapped according to 
the statistical results. This procedure was per-
formed so that 90% of the gray value pixels 
were in the range of 0–1, 5% of the gray val-
ue pixels were <0, and 5% of the gray value 
pixels were >1.

Breast segmentation: The background 
of the breast mammogram images was re-

Main points

•	 The use of a deep neural network (DNN) im-
proved breast cancer detection. 

•	 With the help of the DNN, radiologists could 
more accurately detect tumor mass, calcifi-
cation, and asymmetric compaction. 

•	 An auxiliary effect of the deep learning 
model on doctors of different seniority was 
that it increased the detection accuracy of 
inexperienced doctors. 

•	 The deep learning model shortened the 
average mammogram assessment time for 
both junior and senior radiologists.
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moved, and only the breast was retained. 
The grayscale distribution histogram of the 
image was recorded, and the threshold value 
was obtained using the triangle method. The 
image pixels with a gray level higher than the 
threshold were segmented as the breast. The 
minimum rectangular range that contained 
the breast was then taken as the input of the 
subsequent module.

Quadrant and depth analysis of the le-
sion: The relationship between the images 
in the MLO and CC position was judged ac-
cording to multiple features. After the de-
tection stage, the location, size, type, and 
probability of a lesion(s) were obtained. 
Then, more features of the lesion were an-
alyzed to match lesions more accurately. 
These features included the quadrant of the 
lesion and the distance between the lesion 
and the nipple.

Lesion quadrant division: A mask was 
used to indicate the location of the lesions, 
and the classification network was used to 
classify the MLO lesions. The lesions in the 
MLO position were divided into five regions: 
upper, middle, lower, axillary tail, and areola. 
The lesions in the CC position were divided 
into four quadrants: outer, middle, inner, and 
areola. 

Lesion depth regression: The whole 
mammogram image and the mask of the tar-
get lesion on the image were spliced togeth-
er as two channels of the image. The distance 
from the lesion to the nipple was obtained 
using the regression network. Distance 0 
represented the nipple, and distance 1 repre-
sented the pectoralis major muscle. 

Focus matching: The lesion features in 
the CC and MLO positions were combined 
to predict the probability of two lesions be-
ing the same lesion using the GBTD method. 
To construct a matching probability matrix, 
each element on the matrix represented the 
matching probability of the two lesions. The 
matching relationship between MLO and CC 
lesions was obtained according to a greedy 
algorithm. The remaining lesions without 
matching or with a matching probability 
that was too small were considered as a sin-
gle lesion, and no matching relationship was 
given.

The classification of benign and malig-
nant lesions: Multi-task learning was used to 
predict benign and malignant lesions as well 
as their morphological distribution at the 
same time. The two tasks promote and com-
plement each other and make the overall 
performance more accurate than conduct-
ing one task alone. The data from 14,811 cas-

es were used for training, comprising 7,519 
cases of labeled data and 7,292 cases of un-
labeled data. Among the labeled data, the 
labeled regions of interest included 10,480 
masses, 6,358 calcifications, 1,713 asym-
metries, and 311 architectural distortions. 
For each lesion, the category of the lesion, 
such as mass or calcification, was marked, 
and the outline of the lesion was drawn. The 
backbone network of the detection model 
used transfer learning, and the network was 
trained with a large amount of ImageNet 
data that was transferred to the breast detec-
tion model. This has been shown to signifi-
cantly improve the detection performance 
of the model. The percentages of the training 
set and the test set were 80% and 20%, re-
spectively.

For robustness, we trained the DNN algo-
rithm in three random 80% partitions of the 
training set. After the detection of lesions, 
multi-task learning was used to analyze the 
shape, edges, and other attributes of the 
lesions and to predict their benign or malig-
nant nature.

The reading time and breast imaging re-
porting and data system (BI-RADS) score 
of senior and junior radiologists with and 
without the help of a DNN model

A total of 880 images from 220 patients 
were used to test the impact of the DNN 
model on radiologist assessment. Two senior 
radiologists (with 16 and 18 years of mam-
mogram reading experience) and two junior 
ones (with 1 and 2 years of mammogram 
reading experience) reviewed all four mam-
mogram images from each study in random 
order, both with and without the aid of the 
DNN. The second reading was performed 
three weeks later. For both readings, the or-
der of images was randomized on an individ-
ual assessor basis. All the radiologists were 
blinded to the patient information. For each 
patient, the radiologists provided a BI-RADS 
score according to the following scale: 1 = 
negative; 2 = benign; 3 = probably benign; 4 
= suspicious abnormality (a possibility of ma-
lignancy or cancer); and 5 = highly likely to 
be malignant. Reading times were measured 
from the opening of a new case to the vali-
dation of the lesions and the BI-RADS score. 
Both the reading time and BI-RADS score 
were recorded for later analysis.

Statistical analysis

All statistical analyses were performed 
using IBM SPSS 20.0 (SPSS Inc, Chicago, IL, 
USA) and MedCalc statistical software (ver-

Figure 1. Lesion Detection Network. The input mammograms include two cranial-caudal projection (CC) 
images and two mediolateral oblique projection (MLO) images, the features of which were extracted using 
ResNet50. The features were then fused using a Feature Combination Network comprised of right and left 
MLO and CC images. New features were also constructed with multi-scale information to improve the ability 
to detect small lesions. Feature pyramid network: Features of the input images were extracted, and several 
layers of features from fine to abstract were obtained. Feature fusion network: the information from four 
molybdenum palladium images of the same patient was used to improve the quality of the features and 
improve lesion detection. This framework included a left and right feature fusion network and MLO/CC 
feature fusion network. Key area extraction network: a series of anchors were set with different positions, 
sizes, and aspect ratios using a sliding window. The key area extraction network classified and regressed 
each anchor to predict whether the anchor was the key area and where the key area was located. ROI, region 
of interest.
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sion 20.026, MedCalc Software). Descriptive 
statistics of the data are presented with n 
(%) and are shown as median (min–max) 
for non-normalized variables. The normal-
ity test was determined using the Shap-
iro–Wilk test. Comparisons between the 
two groups were performed using the Wil-
coxon signed-rank test for variables with a 
non-normal distribution. Receiver operat-
ing characteristic (ROC) curves and the AUC 
were used to evaluate the performance of 
the DNN model as well as the senior and 
junior radiologists, with and without the 
help of artificial intelligence (AI). The sen-
sitivity, specificity, and Youden index of the 
ROC curves were calculated, and the high-
est Youden index was used to determine 
the cut-off value. Comparisons of the ROC 
curves were evaluated using a Delong test. 
The inter-rater agreement of the senior and 
junior radiologists in terms of the location 
and BI-RADS assessment was evaluated 
using a kappa coefficient. The kappa coeffi-
cient for the strength of the agreement was 
categorized as follows: −1, none; 0, poor; 
0.0–0.20, slight; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, substantial; and 0.81–
1: almost perfect.20 A P value <0.05 was con-
sidered statistically significant.

Results
The ROC curves of the models for the 

four distinct lesion features are shown in 
Figure 2. The AUCs of the model for mass, 
calcification, asymmetric compaction, and 
structural distortion were 0.877 [95% confi-
dence interval (CI), 0.843–0.906], 0.937 (95% 
CI, 0.910–0.958), 0.697 (95% CI, 0.652–0.740), 
and 0.624 (95% CI, 0.577–0.669), respective-
ly. The sensitivity values for the detection 
of the same features were 76.71%, 89.73%, 
73.68%, and 99.77%, respectively. Similarly, 
the specificity values for these four features 
were 98.66%, 97.68%, 65.76%, and 25.00%, 
respectively (Table 1).

Figure 3 displays the ROC curves of the 
senior and junior radiologist assessments 
with and without the help of the model. The 
corresponding AUC, specificity, and sensitiv-
ity values are listed in Table 1. For senior ra-
diologists, the AUC values of the ROC curves 
for assessments based on mass with and 
without the help of the model were 0.926 
and 0.909, respectively. Similarly, for junior 
radiologists, the ROC curves were 0.879 and 
0.803 with and without the help of the mod-
el, respectively. Regarding calcification, the 
AUC values of the ROC curves for the senior 
radiologists were 0.955 and 0.946 with and 

without the aid of the model, respectively. 
In addition, the AUC values of the calcifica-
tion ROC curves for the junior radiologists 
were 0.932 and 0.898 with and without the 
aid of the model, respectively. The AUCs 
between the radiologists with and without 
the aid of the model were compared using 
a Delong test (Table 2). In general, the AUCs 
of the junior radiologists for mass and calcifi-
cation were significantly larger with the DNN 
model than those without the model (both P 
< 0.001), but there were no significant differ-

Table 1. AUC values and related parameters for the detection of the four lesion features of mass, calcification, asymmetry, and distortion by 
senior and junior radiologists with and without the assistance of the deep neural network model

Features AUC SE P value Sensitivity Specificity Cut-off

Mass

AI 0.877 (0.843 – 0.906) 0.018 <0.001 76.71 98.66 0.754

J_noAI 0.803 (0.775 – 0.829) 0.014 <0.001 61.3 99.33 0.606

J_AI 0.879 (0.856 – 0.900) 0.013 <0.001 77.74 98.15 0.759

S_noAI 0.909 (0.888 – 0.927) 0.011 <0.001 82.53 99.33 0.819

S_AI 0.926 (0.906 – 0.942) 0.010 <0.001 85.62 99.5 0.851

Calcification

AI 0.937 (0.910 – 0.958) 0.012 <0.001 89.73 97.68 0.874

J_noAI 0.898 (0.877– 0.918) 0.011 <0.001 80.27 99.42 0.797

J_AI 0.932 (0.913 – 0.947) 0.009 <0.001 87.3 99.03 0.863

S_noAI 0.946 (0.929 – 0.960) 0.008 <0.001 89.73 99.42 0.892

S_AI 0.955 (0.939 – 0.968) 0.007 <0.001 91.62 99.42 0.910

Asymmetric

AI 0.697 (0.652 – 0.740) 0.038 <0.001 73.68 65.76 0.395

J_noAI 0.626 (0.593 – 0.658) 0.028 <0.001 34.21 91.01 0.252

J_AI 0.661 (0.628 – 0.692) 0.030 <0.001 51.32 80.79 0.321

S_noAI 0.782 (0.753 – 0.808) 0.028 <0.001 61.84 94.46 0.563

S_AI 0.801 (0.774 – 0.827) 0.026 <0.001 72.37 87.93 0.603

Distortion

AI 0.624 (0.577 – 0.669) 0.065 0.058 25 99.77 0.248

J_noAI 0.516 (0.482 – 0.549) 0.021 0.516 4.17 98.96 0.031

J_AI 0.539 (0.505 – 0.572) 0.029 0.179 8.33 99.42 0.078

S_noAI 0.679 (0.647 – 0.709) 0.051 0.000 37.5 98.26 0.358

S_AI 0.644 (0.611 – 0.675) 0.047 0.003 29.17 99.54 0.287

AUC, area under the curve; SE, standard error; J_noAI, junior radiologists unaided; J_AI, junior radiologists aided; S_noAI, senior radiologists unaided; S_AI, senior radiologists 
aided. AI, artificial intelligence.

Figure 2. Receiver operating characteristic curve of 
the model for the detection of mass, calcification, 
asymmetry, and distortion. AI, artificial intelligence.
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ences for the senior radiologists (P = 0.081 for 
mass and P = 0.061 for calcification). Howev-
er, the AUCs for asymmetric compaction and 
structural distortion showed no difference 
between the radiologists with or without the 
aid of the model (for asymmetric compac-
tion, P = 0.244 for junior radiologists and P 
= 0.475 for senior radiologists; for structural 
distortion, P = 0.527 for junior radiologists 
and P = 0.554 for senior radiologists). On 
the other hand, the AUCs of the senior ra-
diologist assessments for mass, calcification, 
asymmetry, and distortion were significant-
ly larger than those of the junior radiologist 
assessments with (P < 0.001, P = 0.003, P < 
0.001, and P = 0.044) and without the aid of 
the model (all P < 0.001) (Table 2).

The review times of the radiologists in the 
aided and unaided scenarios were compared 
using a Wilcoxon signed-rank test (Table 3). 
The median reading times of the senior and 
junior radiologists unaided were 321 (195–
491) s and 739 (445–1003) s, respectively. 
With the help of the model, the median read-
ing times of the senior and junior radiologists 
fell to 273.5 (129–469) s and 572 (357–951) 
s, respectively, representing a reduction of 
41.9 s (13.6%) for the senior radiologists and 
153.5 s (20.5%) for the junior radiologists. The 
median review times of the senior and junior 
radiologists were both significantly short-

er with the DNN model than those without 
the model (both P < 0.001) (Table 3). Figure 4 
shows an example of using AI to help detect 
linear pleomorphic calcifications in the up-
per left outer quadrant, which suggests a BI-
RADS score of 4C. 4C means high suspicion 
for malignancy (>50% to <95% likelihood of 
malignancy).

The inter-rater agreement of the senior 
and junior radiologists in terms of tumor 
mass, calcification, asymmetry, and distor-
tion assessment was evaluated using the 
kappa coefficient. As shown in Table 4, for 
junior radiologists, the kappa coefficients of 
mass assessment were 0.836 and 0.676 with 
and without the help of DNN, respectively, 
and those of calcification assessment were 
0.913 and 0.839 with and without the help 
of DNN, respectively. These values indicate 
that the reliability of the junior radiologist as-
sessments regarding mass and calcification 
can be improved with the help of the DNN 
model.

Discussion
In the current study, a DNN model was 

built and found to be helpful in the detection 
of masses, calcifications, asymmetries, and 
architectural distortions representing BC. 
The model was able to significantly shorten 

the review time of mammogram images by 
both senior and junior radiologists. Typically, 
radiologists analyze multiple mammograph-
ic images of the same patient, which is time- 
and energy-consuming. The DNN model 
proposed in the current work is very prom-
ising for clinical application and may be used 
to help radiologists more efficiently review 
mammography images, enhancing the ac-
curacy of their diagnosis with the ultimate 
goal of improving the prognosis of BC. These 
advantages of the model were further exem-
plified by the fact that mammogram reading 
time decreased for both senior and junior ra-
diologists when using AI.

Previous research has used different 
deep-learning methods to detect BC and 
has demonstrated a gradual performance 
improvement.21-23 The Dialogue for Reverse 
Engineering Assessments and Methods chal-
lenge has tested a large number of mam-
mograms and obtained an AUC of 0.87 with 
a sensitivity and specificity of 0.81 and 0.8, 
respectively.24 Another study focused on 
categories of breast lesions according to BI-
RADS scores using a deep convolutional neu-
ral network to analyze mammograms.25 The 
sensitivity of this model for the detection of 
mass, calcification, asymmetry, and compac-
tion was higher than 74% for each feature 
and is comparable with the Breast Cancer 

Table 2. AUC values for the detection of the four lesion features of mass, calcification, asymmetry, and distortion by senior and junior 
radiologists with and without the assistance of the deep neural network model

Features J_noAI vs. J_AI S_AI vs. J_AI S_noAI vs. J_noAI S_noAI vs. S_AI

Mass P < 0.001 P < 0.001 P < 0.001 P = 0.081

Calcification P < 0.001 P = 0.003 P < 0.001 P = 0.061

Asymmetry P = 0.244 P < 0.001 P < 0.001 P = 0.475

Distortion P = 0.527 P = 0.044 P < 0.001 P = 0.554

AUC, area under the curve; J_noAI, junior radiologists unaided; J_AI, junior radiologists aided; S_noAI, senior radiologists unaided; S_AI, senior radiologists aided.

Table 3. Junior and senior radiologist review times for unaided and artificial intelligence-aided cases using the Wilcoxon signed-rank test

Review time (seconds)

Group Unaided Aided P value

Junior radiologists Median (min–max) 739 (445–1003) 572 (357–951) <0.001

Senior radiologists Median (min–max) 321 (195–491) 273.5 (129–469) <0.001

Table 4. The consistency between senior and junior radiologists in recognizing mass, calcification, asymmetry, and distortion using the 
kappa coefficient

Senior (without AI) Senior (with AI) Junior (without AI) Junior (with AI)

Kappa P value Kappa P value Kappa P value Kappa P value

Mass 0.861 <0.001 0.900 <0.001 0.676 <0.001 0.836 <0.001

Calcification 0.938 <0.001 0.981 <0.001 0.839 <0.001 0.913 <0.001

Asymmetric 0.495 <0.001 0.343 <0.001 0.298 <0.001 0.303 <0.001

Distortion 0.383 <0.001 0.156 0.001 -0.011 0.814 0.244 <0.001

AI, artificial intelligence.
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Surveillance Consortium benchmark used in 
another study that exhibited a sensitivity of 
75%.10

In this study, with the assistance of the 
DNN model, the radiologists were able to 
recognize features such as mass, calcifica-
tion, asymmetry, and distortion with high 
sensitivity and specificity. Akselrod-Ballin et 
al.26 reported that a deep learning model was 
able to detect 48% of the false-negative find-
ings missed by radiologists and confirmed 
by surgical pathology with a sensitivity of 
87%. According to the results from the pres-
ent study, the time that senior and junior 
radiologists spent on diagnosis was signifi-
cantly reduced with the use of the model, 
especially for junior radiologists. Therefore, 
it was established that a deep learning algo-
rithm trained by experts in the field was able 
to better assist less experienced radiologists 
who are at particular risk of making diagnos-
tic errors. 

The analysis described in this paper 
showed that the proposed model can be 
used to assist junior radiologists and help 
improve their performance in identifying 
lesions when reviewing mammograms. Ad-
ditionally, this study showed that when ju-
nior radiologists were provided with the as-
sistance of the trained model, their ability to 
detect breast lesions significantly improved, 
thus diminishing diagnostic errors and im-
proving efficiency.

There are several limitations to this study 
that should be noted. First, the DNN model 
used in the current work was verified in a 
dataset acquired from the same mammog-
raphy vendor and manufacturer. Further-
more, the patients from whom the data 
were collected were all from the Peking 
University Shenzhen Hospital. Therefore, 
the results presented here must be validat-
ed using images from different vendors and 
populations. Second, only mammograms 
were analyzed in this study to improve le-
sion detection, and clinical information was 
not utilized. In clinical practice, radiologists 
usually review a patient’s clinical history and 
symptoms before making a diagnosis based 
on mammographic data. Therefore, it would 
be useful to analyze whether the use of clin-
ical information and imaging data together 
could help radiologists make even more ac-
curate diagnoses. In addition, the number of 
patients in this study with asymmetry and 
structural distortion was small, which may 
have affected the results to a certain extent.

In conclusion, a DNN model was devel-
oped and validated using a dataset of mam-

Figure 3. (a-h) Receiver operating characteristic curves of the diagnosis based on mass (a, e), calcification 
(b, f), asymmetry (c, g), and structural distortion (d, h) by senior and junior radiologists, with or without the 
help of artificial intelligence.



 

594 • July 2023 • Diagnostic and Interventional Radiology Zhou et al.

mograms to improve the detection of BC 
by radiologists. The model was especially 
successful at detecting the mass, calcifica-
tion, asymmetric compaction, and structural 
distortion of BC lesions. With the assistance 
of the model, both senior and junior radiolo-
gists were able to recognize a lesion within a 
shorter review time.
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Prognostic value of low muscle mass at the 12th thoracic vertebral level 
in multiple myeloma treated with transplantation: CAREMM-2101 study
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PURPOSE
Autologous hematopoietic stem cell transplantation (ASCT) has been introduced as a standard 
treatment for newly diagnosed multiple myeloma (NDMM) following novel agent-based induction 
chemotherapy. This study investigated whether pre-ASCT low muscle mass evaluated using the 
paraspinal muscle index (PMI) at the 12th thoracic vertebra (T12) level is a reliable prognostic marker 
in NDMM after chemotherapy.

METHODS
A multi-center registry database was retrospectively analyzed. Between 2009 and 2020, 190 pa-
tients with chest computed tomography images underwent frontline ASCT following induction 
therapy. The PMI was defined as the value of the paraspinal muscle area at the T12 level divided by 
the square of the patient’s height. The cut-off value indicating a low muscle mass was sex-specific, 
using the lowest quintiles.

RESULTS
Of the 190 patients, 38 (20%) were in the low muscle mass group. The low muscle mass group had 
a lower 4-year overall survival (OS) rate than the non-low muscle mass group (68.5% vs. 81.2%; P = 
0.074). The median progression-free survival (PFS) in the low muscle mass group was significantly 
shorter compared with the non-low muscle mass group (23.3 months vs. 29.2 months; P = 0.029). 
The cumulative incidence of transplant-related mortality (TRM) was significantly higher in the low 
muscle mass group than in the non-low muscle mass group (4-year probability of TRM incidence, 
10.6% vs. 0.7%; P < 0.001). In contrast, no significant difference in the cumulative incidence of dis-
ease progression was found between the two groups. Multivariate analysis revealed that low mus-
cle mass was associated with significant negative outcomes for OS [(hazard ratio (HR): 2.14; P = 
0.047], PFS (HR: 1.78; P = 0.012), and TRM (HR: 12.05; P = 0.025).

CONCLUSION
Paraspinal muscle mass may have a prognostic role in NDMM patients who undergo ASCT. Patients 
with low paraspinal muscle mass have lower survival outcomes compared to non-low muscle mass 
group.

KEYWORDS
Sarcopenia, myeloma, autologous, transplantation, computed tomography, thoracic

You may cite this article as: Park SS, Kwag D, Lee JY, et al. Prognostic value of low muscle mass at the 12th thoracic vertebral level in multiple myeloma treated 
with transplantation: CAREMM-2101 study. Diagn Interv Radiol. 2023;29(4):596-608.

Multiple myeloma (MM) is a hematologic malignancy characterized by the clonal pro-
liferation of malignant plasma cells.1 The outcomes of MM have improved dramat-
ically in the past two decades owing to the introduction of novel agents, such as 

immunomodulatory drugs, proteasome inhibitors, and targeted monoclonal antibodies.2,3 
High-dose chemotherapy with autologous hematopoietic stem cell transplantation (ASCT) 
following upfront induction therapy using a novel agent is considered the standard of care 
for transplant-eligible and newly diagnosed MM (NDMM).4 Patient-related prognostic factors, 
such as age or comorbidities, can limit the eligibility for ASCT.5 Several prognostic tools based 
on multidisciplinary evaluation have been used to assess patient fitness for ASCT.5-8 Howev-
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er, these tools rely on patients self-reporting 
their comorbidities and are prone to report-
ing bias. Therefore, tools that can facilitate 
the standardization of individualized risk fac-
tors for MM need to be developed.

Sarcopenia has recently been defined by 
the European Working Group on Sarcopenia 
in Older People 2 as the combination of low 
muscle mass and poor muscle function.9 Fur-
thermore, sarcopenia has been highlighted 
as an independent disorder based on indi-
vidual cancer-related prognostic biomarkers 
in various malignancies.10,11 However, pub-
lished studies reporting patients with MM 
and sarcopenia and survival outcomes have 
been unsatisfactory to date due to their ret-
rospective designs and small sample sizes. 
Williams et al.12 measured psoas muscle mass 
at the third lumbar vertebra (L3) using com-
puted tomography (CT) in 142 patients with 
MM treated with ASCT. They showed that 
low muscle mass was related to a higher in-
cidence of post-ASCT cardiac complications 
but was not associated with survival out-
comes. Takeoka et al.13 demonstrated that a 
low muscle mass at the L3 level did not result 
in a significant survival difference between 
56 patients with NDMM. Although muscle 
mass at L3, commonly used for CT measure-
ments, was not related to survival outcomes 
in patients with MM, the prognostic role of 
muscle mass measured at other sites and 
sex-specific approaches is yet to be eluci-
dated.14 Previous studies have revealed that 
sarcopenia assessment using skeletal muscle 
measurements at the 12th thoracic vertebra 
(T12) level is a reliable biomarker for chest 
CT.15,16 In addition, the cut-off for low mus-
cle mass should be determined differently 
based on sex because it is directly related to 
the total muscle mass.13,17,18 Therefore, further 
MM cohort studies are required to determine 
whether muscle mass is a useful prognostic 
indicator.

This study measured the paraspinal mus-
cle mass area (PSMA) at T12 (12th-PSMA, the 
area corresponding to the iliocostalis tho-
racis, longissimus thoracis, spinalis thoracis, 
rotator thoracis, multifidus, and semispina-
lis thoracis muscles) on chest CT scans. Low 
muscle mass was defined as a lower paraspi-
nal muscle index (PMI) (12th-PSMA divided 
by the height2) than the sex-specific cut-off. 
Further, the study explored the prognostic 
impact of low muscle mass on survival out-
comes in patients with NDMM who under-
went an ASCT.

Methods

Patient selection and data acquisition

The current study was a multi-center 
retrospective analysis of patient data from 
three centers. For patient with MM to be 
eligible for enrollment in the study, the 
following criteria had to be met: ND with 
symptomatic MM, treated with frontline 
ASCT after induction chemotherapy, aged 
20 years or older, and having undergone 
chest CT within 60 days before the ASCT 
procedure. First, data from 1511 consecu-
tive patients ND with plasma cell disorders 
between 2009 and 2020 were analyzed. 
Then, 264 patients diagnosed with plasma 
cell disorders other than symptomatic MM 
were excluded. Of the remaining 1,247 pa-
tients with symptomatic NDMM, 414 were 
transplant-eligible cases. The low-dose 
chest CT (LDCT) findings of selected pa-

tients with a history of pneumonia or airway 
disease were evaluated between 2009 and 
2014. Since 2015, LDCT has been routinely 
performed to screen for malignancies in-
volving the lungs and mediastinum, sub-
clinical pneumonia, and airway diseases. 
Two hundred nine patients who lacked a 
LDCT image before ASCT and 15 patients 
who received ASCT as a salvage treatment 
following the failure of induction therapy 
were excluded. The final cohort included 
190 patients with intention-to-treat NDMM 
who underwent frontline ASCT after induc-
tion chemotherapy (Figure 1). Since all cen-
ters participating in this study have used 
thalidomide- or bortezomib-based induc-
tion chemotherapy, alone or in combina-
tion, since 2009, all patients enrolled in the 
final cohort received novel agent-based in-
duction therapy. Patient data were collected 
from August 2021 onward. This study was 
approved by the Institutional Review Board 
of Catholic Medical Center (IRB no. KC21RA-
SI0352) and complied with the Declaration 
of Helsinki. Written informed consent was 
obtained from all patients.

Computed tomography image acquisition

The CT examinations were performed 
using multidetector CT scanners with 64 or 
more channels, either a SOMATOM Definition 
AS+ (Siemens Healthineers, Erlangen, Ger-
many) or a Discovery CT750 HD (GE Health-
care, Milwaukee, WI, USA). All scans were 
obtained during a single breath-hold from 

Main points

•	 Low muscle mass was defined based on a 
sex-specific cut-off using low-dose chest 
computed tomography before autologous 
hematopoietic stem cell transplantation 
(ASCT).

•	 Post-ASCT outcomes were significantly as-
sociated with low muscle mass in patients 
with multiple myeloma.

•	 NDMM patients undergoing ASCT with 
low paraspinal muscle mass have shorter 
progression-free survival, higher incidence 
of transplant-related mortality, and  higher 
significant negative outcomes for overall 
survival. 

Figure 1. Flow diagram outlining the selection of the study cohort. The final cohort of this study included 
190 cases of newly diagnosed multiple myeloma patients who received frontline autologous stem cell 
transplantation following induction chemotherapy.
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the levels of the lower neck to the adrenal 
glands. The acquisition parameters were as 
follows: tube voltage 120 kV, tube current 35 
mAs for the low-dose scan, automatic expo-
sure control with 130 quality reference value 
mAs for the standard-dose scan (SOMATOM 
Definition AS+), a pitch of 1.1–1.2, rotation 
time of 0.5 s, detector collimation of 64 × 
0.6 mm (SOMATOM Definition AS+), or 64 × 
0.625 mm (Discovery CT750 HD).

Measurement of the paraspinal muscle at 
the 12th thoracic vertebra

The patients’ 12th-PSMA was evaluated 
using LDCT within two months before the 
date of the ASCT according to the strategies 
used at the participating centers. The LDCT 
was primarily performed to confirm ASCT 
eligibility after completing the scheduled in-
duction chemotherapy.  A board-certified ra-
diologist with nine years of experience, who 
was blinded to the clinical information, drew 
the region of interest using a semi-automat-
ed contouring tool available in a non-com-
mercial prototype software (RADIOMICS, 
Siemens Healthineers, Erlangen, Germany) 
for all three centers’ cases. An axial CT im-
age at the level of T12 was obtained for each 
patient. The contours of the erector spinae 
muscles (iliocostalis thoracis, longissimus 
thoracis, and spinalis thoracis) and transver-
sospinales muscles (rotator thoracis, multifi-
dus, and semispinalis thoracis) were drawn. 
The 12th-PSMA (mm2) was obtained from 
the contours (Figure 2). The mean densities 
(Hounsfield unit) of these muscles were also 
determined. Then, the patient’s individual 
PMI was calculated by dividing the 12th-PS-
MA by the square of the patient’s height 

(mm2/m2). The cut-off for low muscle mass 
was based on sex-specific PMI values us-
ing the lowest quintile in each subgroup of 
males and females.12

Treatments and transplantation proce-
dures

All patients received an induction treat-
ment consisting of dexamethasone (or 
prednisolone) together with bortezomib or 
thalidomide, individually or a combination, 
in chronological order of approval by the 
National Health Insurance Service. After the 
induction chemotherapy, the collected stem 
cells were mobilized with subcutaneous 
granulocyte colony stimulation factor (10 
μg/kg/day) for five days with or without prior 
cyclophosphamide therapy (1.5 g/m2) for two 
days, etoposide (375 mg/m2) for one day, or 
plerixafor (0.24 mg/kg) for one to two days. 
According to the conditioning strategies im-
plemented by the three centers, a condition-
ing regimen consisting of high-dose mel-
phalan (70 or 100 mg/m2/day for two days) 
was commonly used. Occasionally, busulfan 
(3.2 mg/kg/day for three days), melphalan 
(70 mg/m2/day for two days), busulfan (3.2 
mg/kg/day for three days), melphalan (100 
mg/day)-thiotepa (150 mg/m2/day for one 
day), and busulfan (3.2 mg/kg/day for three 
days)-thiotepa (150 mg/m2/day for one day) 
were used when melphalan was unavailable, 
as described in a previous report.19 Some 
patients received an experimental regimen 
of bortezomib, busulfan, and melphalan 
in phase II clinical trials.20 Other supportive 
care, including prophylactic antibiotics, pro-
phylaxis for hepatic sinusoidal obstruction 
syndrome, granulocyte colony stimulation 
factor, and bisphosphonates, was adminis-
tered concurrently across the three centers, 
as described in a previous report.21,22 A main-
tenance therapy strategy was designed us-
ing thalidomide for 12 months;23 however, a 
few individuals rejected this strategy due to 
insufficient insurance coverage.19

Definitions

The patient’s MM stage was classified us-
ing the MM International Staging System,1 
and the response to treatment was assessed 
according to the International Myeloma 
Working Group response criteria.24 High-risk 
cytogenetic abnormalities were defined as 
the presence of one or more of the following 
aberrations detected by fluorescent in situ 
hybridization: del(17p), t(4;14), or t(14;16).25

The PMI cut-off was based on sex-specific 
PMI values using the lowest quintile in each 

subgroup of males and females.12 The low 
muscle mass group was defined as patients 
with a lower PMI than the sex-specific cut-
off. The overall survival (OS) was defined as 
the time from transplantation to death from 
any cause or the date of the last follow-up, 
and events for progression-free survival (PFS) 
included disease progression or death from 
any cause. The transplant-related mortality 
(TRM) probability and the progression rate 
were computed by estimating the cumula-
tive incidence based on competing risks, in-
cluding progression and TRM.

Statistical analysis

Categorical variables were presented as 
frequencies and percentages, and compar-
isons used the chi-squared or Fisher’s exact 
tests, as appropriate. Continuous variables 
were analyzed using the Kolmogorov–Smirn-
ov test to evaluate the null hypothesis of a 
normal distribution. Normally distributed 
continuous variables were presented as the 
mean ± standard deviation and compared 
using the Student’s t-test. Non-normally 
distributed continuous variables were ex-
pressed as medians with interquartile ranges 
and were compared using the Mann–Whit-
ney U test. Pearson’s correlation coefficients 
determined the statistical correlation be-
tween the continuous variables and the PMI. 
Multiple linear regression analyses were 
used to confirm the parameters related to 
the PMI. Regarding linear regression analysis, 
parameters with P < 0.050 on the Student’s 
t-test or Pearson correlation test were includ-
ed as covariants.

The reverse Kaplan–Meier estimator was 
used to assess the median duration of the 
interval. The Kaplan–Meier survival curves 
were determined, and log-rank tests were 
performed to analyze time-to-event end-
points, such as the OS and PFS. Univariate 
survival analyses were performed using Ka-
plan–Meier estimates and log-rank tests. Cu-
mulative incidence estimates and the Gray’s 
test were used to analyze the data, including 
competing risks. Variables with P < 0.150, 
according to the univariate analyses, were 
included in the multivariate models of OS, 
PFS, and TRM. The Cox proportional hazards 
model and the Fine–Gray regression model, 
both with backward stepwise selection, were 
generated with hazard ratios (HRs) and 95% 
confidence intervals (CIs) for multivariate 
analysis. All statistical analyses were per-
formed using R software (ver. 3.6.1, Jul. 07, 
2019; R Foundation for Statistical Comput-
ing, Vienna, Austria. https://cran.r-project.
org/bin/windows/base/old/3.6.1/). A P value 

Figure 2. Measurement of paraspinal muscle 
area using axial computed tomography at the 
12th thoracic vertebra level. An axial computed 
tomography image was selected at the level of 
the 12th thoracic vertebra’s spinous process. The 
boundaries of the paraspinal muscles (iliocostalis 
thoracis, longissimus thoracis, spinalis thoracis, 
rotator thoracis, multifidus, and semispinalis 
thoracis) were drawn as the region of interest 
(yellow line). The area of these muscles was 
obtained to measure muscle mass.
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of <0.050 was considered statistically signif-
icant.

Results

Patient characteristics and outcomes

The final study cohort included 190 of 
the initial 1,511 consecutive patients, 104 
(55.3%) males and 86 (45.3%) females, with 
a mean age of 55.9 ± 7.0. The mean interval 
between the LDCD assessment date and the 
date of the ASCT was 28 ± 16.1 days. As ex-
pected, the 12th-PSMA (3206 ± 648 mm2 for 
males vs. 2358.9 ± 538.8 mm2 for females; P 
< 0.001) and the PMI (1117.3 ± 232.8 mm2/
m2 for males vs. 973.7 ± 220.2 mm2/m2 for fe-
males; P < 0.001) were significantly higher in 
males than in females (Figure 3a). Among the 
variables considered in the decision-making 
for ASCT, non-extramedullary plasmacyto-
ma and lower levels of albumin at diagnosis 
related to lower PMI values (Supplementary 
Table 1). Supplementary Table 2 shows the 
results of multiple regression analysis for the 
PMI, where the dependent parameter was 
sex. Accordingly, the cut-offs for the 12th-PS-
MA were defined as 916.9 mm2/m2 for males 
and 807.2 mm2/m2 for females. The mean PMI 
of the low muscle (n = 38) and non-low mus-
cle (n = 152) mass groups were 760.9 ± 103.2 
and 1125.1 ± 203.4, respectively. The com-
parative data of the two groups based on the 
definition of low muscle mass are presented 
in Table 1. These characteristics were relative-
ly similar between the two groups.

The median follow-up of the total cohort 
was 40.7 months (95% CI; 38.1–44.9 months). 
Among the 36 deaths in the entire cohort, 
86.1% (n = 31) were progression-dependent, 
and 13.9% (n = 5) died of TRM. The TRM-re-
lated causes of death included three cases of 

sepsis, one of hepatic sinusoidal obstruction 
syndrome, and one of sudden death follow-
ing fatal arrhythmia.

Survival outcomes of the low and non-low 
muscle mass groups

The estimated OS rate was poor in the low 
muscle compared with the non-low muscle 
mass group [4-year OS rate, 68.5% (95% CI; 
49.9%–81.3%) vs. 81.2% (95% CI; 71.7%–
87.8%); P = 0.074] (Figure 4a). The median 
PFS in the low muscle mass group was sig-
nificantly poorer than in the non-low muscle 
mass group (23.3 months (95% CI, 14.5–31.4 
months) vs. 29.2 months (95% CI, 24.3–38.7 
months); P = 0.029) (Figure 4b). The cumu-
lative incidence of TRM was significantly 
higher in the low muscle than in the non-low 
muscle mass group [4-year probability of in-
cidence of TRM, 10.6% (95% CI, 3.3%–22.9%) 
vs. 0.7% (95% CI, 0.1%–3.3%); P < 0.001] (Fig-
ure 4c). No statistically significant cumulative 
incidence of progression was found between 
the two groups (P = 0.301) (Figure 4d).

Analyses of the factors affecting overall 
and progression-free survival, and trans-
plant-related mortality

In the univariate analysis (Supplementa-
ry Table 3), some variables were identified 
as potentially related to OS, PFS, and TRM. 
Eight variables were potentially associated 
with OS, including low muscle mass, age 
(≥60 years), lambda chain type MM, high β2-
microglobulin at diagnosis (≥5.5 mg/L), low 
albumin at diagnosis (<3.5 g/dL), mobiliza-
tion of peripheral blood mononuclear cells 
using cyclophosphamide, low glomerular 
filtration rate at baseline (<60 mL/min/1.73 
m2), and conditioning, except for melphalan 
plus busulfan. Seven variables were found 

to be potentially related to PFS, including 
low muscle mass and density, lambda chain 
type MM, high β2-microglobulin at diagnosis 
(≥5.5 mg/L), low albumin at diagnosis (<3.5 
g/dL), poor response status at baseline, and 
low platelet at baseline (<150/mm3). Six vari-
ables were found to be potentially related 
to TRM, including low muscle mass, lamb-
da chain type MM, high β2-microglobulin 
at diagnosis (≥5.5 mg/L), low albumin at 
diagnosis (<3.5 g/dL), high lactate dehydro-
genase (> upper limit of normal), and low 
glomerular filtration rate at baseline (<60 
mL/min/1.73 m2). The multivariate analysis 
(Table 2) showed that low muscle mass re-
sulted in a significantly negative association 
with OS (HR of 2.14; 95% CI of 1.01–4.87; P = 
0.047), PFS (HR of 1.78; 95% CI of 1.14–2.78; 
P = 0.012), and TRM (HR of 12.05; 95% CI of 
1.36–104.93; P = 0.025), even after adjust-
ment for other potential factors.

Discussion
This study evaluated the prognostic role 

of the PMI using the 12th-PSMA derived from 
LDCT images and height. Low muscle mass 
was defined as the sex-specific lowest quin-
tile of the PMI. Low muscle mass was signifi-
cantly associated with survival outcomes, 
even after adjusting for confounding factors; 
this suggests that the lower survival out-
comes in the low muscle mass group result-
ed from a higher incidence of TRM.

Quantitative body composition measure-
ments, including skeletal muscle and visceral 
and subcutaneous adipose tissue volumes, 
at various anatomical sites have been exten-
sively performed to identify their role in pre-
dicting the outcomes and survival of cancer 
patients.14 Studies exploring the association 
between body composition at the L3 level 
and clinical outcomes are the most common 
in cancer cohorts, including MM cohort stud-
ies. Previous studies12,13,26 that applied low 
muscle mass at the L3 level in patients with 
MM showed that a low muscle index did not 
affect survival outcomes, contrary to the con-
clusion of this study. However, evidence asso-
ciating low muscle mass at the L3 level with 
survival has been disputed in cohort studies 
of patients with MM. For example, Williams 
et al.12 and Takeoka et al.13 did not apply 
sex-specific cut-offs for the L3 low muscle 
index. Surov et al.26 used the sex-specific cut-
off values suggested by Prado et al.27, which 
were derived for solid tumors of the respira-
tory or gastrointestinal tract rather than for 
MM. Although three previous studies on low 
muscle mass measured at the lumbar verte-
bral level were not linked to OS in a cohort 

Figure 3. Comparison of (a) paraspinal muscle area at the 12th thoracic vertebra (mm2) and (b) paraspinal 
muscle index (PMI, mm2/m2) based on sex using the Student’s t-test. The mean of paraspinal muscle area at 
the 12th thoracic vertebra was 3206 ± 648 mm2 for males vs. 2358.9 ± 538.8 mm2 for females. The mean of the 
PMI was 1117.3 ± 232.8 mm2/m2 for males vs. 973.7 ± 220.2 mm2/m2 for females. Boxes, 5–95% percentiles; 
horizontal bars, median; vertical brackets, ranges. PMI, paraspinal muscle index.
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Table 1. Comparisons of characteristics between the low and non-low muscle mass groups
Variables Low muscle mass,  

(n = 38)
Non-low muscle mass,  

(n = 152)
P value

Paraspinal muscle index, mm2/m2, mean ± SD 760.9 ± 103.2 1125.1 ± 203.4 <0.001

Time to ASCT from the assessing date of LDCT scan, days, mean ± SD 27.9 ± 18.9 28.0 ± 15.4 0.975

Age at transplant, years, mean ± SD 54.1 ± 6.3 56.3 ± 7.1 0.071

Sex, number (%) 0.999

Male 21 (55.3) 83 (54.6)

Female 17 (44.7) 69 (45.4)

Type of myeloma, number (%) 0.851

IgG 23 (60.5) 80 (52.6)

IgA 6 (15.8) 27 (17.8)

IgM or IgD 3 (7.9) 15 (9.9)

Light chain disease 6 (15.8) 30 (19.7)

Presence of extramedullary disease at diagnosis, number (%) 0.160

None 34 (89.5) 118 (77.6)

Present 4 (10.5) 34 (22.4)

Lactate dehydrogenase at diagnosis, number (%) (missing n = 8) 0.475

> Upper limit of normal 26 (68.4) 116 (76.3)

Normal 10 (26.3) 30 (19.7)

ββ2-microglobulin at diagnosis, mg/L, median (Q1–Q3) (missing n = 5) 3.82 (2.52–6.89) 3.17 (2.32–4.97) 0.103

Albumin at diagnosis, g/dL, mean ± SD (missing n = 5) 3.5 ± 0.7 3.7 ± 0.7 0.267

Cytogenetic risk, number (%) (missing n = 60) 0.426

Standard 20 (52.6) 73 (48.0)

High 5 (13.2) 32 (21.1)

Time to ASCT from diagnosis, months, mean ± SD 6.2 ± 1.5 6.5 ± 1.3 0.203

Induction treatment, number (%) 0.182

Bortezomib-thalidomide-dexamethasone 32 (84.2) 141 (92.8)

Othersa 6 (15.8) 11 (7.2)

Lactate dehydrogenase at time prior ASCT, number (%) 0.381

> Upper limit of normal 16 (42.1) 50 (32.9)

Normal 22 (57.9) 102 (67.1)

Response status at time prior ASCT, number (%) 0.384

Complete response 15 (39.5) 62 (40.8)

Very good partial response 21 (55.3) 71 (46.7)

Partial response or stable disease 2 (5.3) 19 (12.5)

Mobilization of peripheral blood mononuclear cell 0.679

G-CSF only 9 (23.7) 27 (17.8)

G-CSF plus cyclophosphamide 14 (36.8) 53 (34.9)

G-CSF plus etoposide 14 (36.8) 70 (46.1)

G-CSF plus plerixafor 1 (2.6) 2 (1.3)

Absolute neutrophil count before ASCT, /mm3, median (Q1–Q3) 2.81 (2.2–3.98) 2.93 (1.93–3.72) 0.364

Platelet count before ASCT, /mm3 236 ± 81.6 226 ± 58.4 0.434

Glomerular filtration rate before ASCT, mL/min/1.73 m2 87.4 ± 35.0 91.1 ± 25.9 0.468

Conditioning regimen, number (%) 0.278

High dose melphalan 30 (78.9) 92 (60.5)

Melphalan plus busulfan 2 (5.3) 21 (13.8)

Melphalan, busulfan, plus thiotepa 4 (10.5) 28 (18.4)

Busulfan plus thiotepa 0 (0) 2 (1.3)

Bortezomib, busulfan, plus melphalan 2 (5.3) 9 (5.9)

Infused CD34+ × 106 cells/kg, median (Q1–Q3) 5.22 (4.04–8.56) 5.55 (4.36–6.79) 0.999

Maintenance therapy after ASCT 0.253

Yes 23 (60.5) 109 (71.7)

No 15 (39.5) 43 (28.3)
aOthers included four of bortezomib-dexamethasone, four of bortezomib-melphalan-prednisolone, nine of thalidomide-dexamethasone; ASCT, autologous 
hematopoietic stem cell transplantation; Ig, immunoglobulin; LDCT, low-dose chest computed tomography; G-CSF, granulocyte-colony stimulation factor; 
SD, standard deviation; Q, quantile.
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of patients with MM,12,13,26 Umit et al.28 report-
ed that low femoral muscle mass was sig-
nificantly associated with poor OS, whereas 
measuring muscle mass in the lumbar area 
was not. Therefore, this study hypothesized 
that muscle volume measurements at differ-
ent sites from the L3 level and the modality 
of abdominal CT were worthwhile to explore 
the prognostic impact in patients with MM. 

First, pilot investigations were performed 
to identify which single muscle area could 
correspond to the entire muscle volume 
shown in the cross-sectional image at the 
T12 level. It was determined that measure-
ments at one site of the paraspinal muscle 
could be a surrogate marker for the entire 
muscle volume shown at the T12 level (Sup-
plementary Figure 1). In line with this study’s 
results, pectoralis muscle attenuation and 
low muscle mass evaluated at the T12 lev-
el were negatively associated with clinical 

outcomes, such as severe airflow obstruc-
tion in patients with chronic obstructive 
pulmonary disease and survival in patients 
who underwent lung transplantation.29,30 
Furthermore, in several studies, LDCT im-
age muscle mass measurements at the T12 
level showed a prognostic role in clinical 
outcomes.31,32 Although understanding the 
pathogenic mechanism of sarcopenia ac-
cording to the measured site on the clinical 
outcomes is still lacking, it is suggested that 
low muscle mass measured at sites other 
than L3 are valuable prognostic markers, 
even in patients with MM.

To the researchers’ knowledge, the cur-
rent study is the first to investigate the asso-
ciation between low muscle mass at the T12 
level and the survival of patients with MM. As 
LDCT is routinely performed before ASCT, an 
additional abdominal CT for muscle mass as-
sessment at the lumbar level may be limited. 

Although it has been suggested that mea-
suring one muscle area could assess the pa-
tient’s generalized muscle mass status,33 such 
an approach is inevitably linked to increased 
laboriousness, particularly when measuring 
larger areas in clinical practice. Furthermore, 
T12 level evaluation via LDCT is associated 
with the significant benefit of contrast-free 
assessment and minimization of radiation 
exposure compared with conventional ab-
dominal CT of the lumbar region.34,35 

Although the definition of low muscle 
mass is yet to be established,36 it is general-
ly indicated by different cut-off levels based 
on sex and is closely related to body size. 
Furthermore, the revised European Work-
ing Group on Sarcopenia in Older People 2 
guidelines state that sex-specific threshold 
values for sarcopenia diagnosis improve the 
prediction of outcomes.9 It is well known 
that the body composition index measured 

Table 2. Multivariable analysis of overall survival, progression-free survival, and treatment-related mortality

Overall survival Progression-free survival Cumulative incidence of TRM

Variables Hazard 
ratio

95% CI P value Hazard 
ratio

95% CI P value Hazard 
ratio

95% CI P value

Paraspinal muscle index, mm2/m2*†‡ 0.047 0.012 0.025

 Low muscle mass vs. non-low muscle mass 2.14 1.01–4.54 1.78 1.14–2.78 12.05 1.36–104.93

Muscle density, Hounsfield density NA 0.011 NA

 Low density vs. high density NA NA 1.73 1.13–2.65 NA NA

Age at transplant 0.014 NA NA

 ≥60 vs. <60 2.42 1.2–4.89 NA NA NA NA

Light chain type*†‡ 0.139 0.084 0.500

 Kappa vs. Lambda 1.66 0.85–3.27 1.39 0.96–2.01 2.35 0.2–27.81

ββ2-microglobulin at diagnosis, mg/L*†‡ 0.011 0.003 0.430

 <5.5 vs. ≥5.5 2.44 1.23–4.83 1.89 1.25–2.85 2.02 0.36–11.29

Albumin at diagnosis, g/dL*†‡ 0.273 0.185 <0.001

 ≥3.5 vs. <3.5 0.68 0.34–1.36 1.28 0.88–1.86 13.7 3.42–54.9

Lactate dehydrogenase at time prior ASCT‡ NA NA 0.790

 > Upper limit of normal vs. normal NA NA NA NA 1.57 0.06–41.63

Mobilization of peripheral blood mononuclear cell* 0.019 NA NA

 G-CSF plus cyclophosphamide vs. others 2.31 1.15–4.65 NA NA NA NA

Response status at time prior ASCT† NA 0.043 NA

 SD, PR, vs. VGPR vs. CR or better NA NA 1.35 1.01–1.81 NA NA

Conditioning regimen 0.170 NA NA

 High dose melphalan vs. melphalan plus busulfan vs. 
others1* 1.33 0.89–1.98 NA NA NA NA

Platelet count at time prior ASCT, /mm3† NA 0.167 NA

 ≥150 vs. <150 NA NA 1.57 0.83–2.97 NA NA

Glomerular filtration rate at time prior ASCT, mL/min/1.73m2*‡ 0.605 NA 0.002

 ≥60 vs. <60 1.36 0.42–4.39 NA NA 18.4 3.04–111.7

*Eight variables were selected by univariate analysis for overall survival with P values less than 0.15; †seven variables were selected by univariate analysis for progression-
free survival with P values less than 0.15; ‡six variables were selected by univariate analysis for cumulative incidence of TRM with P values less than 0.15; 1others include 32 of 
melphalan, busulfan plus thiotepa, 2 of busulfan plus thiotepa, and 11 of bortezomib, busulfan plus melphalan. ASCT, autologous hematopoietic stem cell transplantation; CI, 
confidence interval; CR, complete response; G-CSF, granulocyte-colony stimulation factor; NA, not available; PR, partial response; TRM, transplantation-related mortality; SD, stable 
disease; VGPR, very good partial response.
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at the L3 level varies significantly depending 
on sex.17 Accordingly, most previous studies 
defined sex-specific cut-offs to investigate 
the associations between low muscle mass 
at the L3 level and the clinical outcomes of 
several cancers.37 However, most previous 
MM cohort studies defined low muscle mass 
with sex-specific cut-off values.12,13 Based on 
previous studies’ findings, the researchers 
believe this methodology is a decisive factor 
related to the lack of significant association 
with survival outcomes in this study’s MM 
cohort. Unfortunately, because of the lack 
of correlation between low muscle mass 
and survival of patients with MM in previous 
studies, CT muscle mass measurements have 
not received substantial attention in MM co-
hort studies. 

No clinical impact of sex-non-specific 
muscle mass on clinical outcomes was ob-
served in this MM cohort (data not shown). 
However, this study’s results showed that 

low muscle mass at the T12 level, defined by 
a sex-specific methodology, was negative-
ly associated with comprehensive survival 
outcomes, including OS, PFS, and TRM, in 
patients with MM who received ASCT. The 
results of this study highlight the need for 
future studies to establish a reliable sex-spe-
cific approach for lowering the muscle mass 
in patients with MM undergoing ASCT.

Prognostic marker-based treatments are 
essential to improve the survival of patients 
with MM. Relevant prognostic parameters 
for each patient were divided into the pa-
tient-, disease-, and treatment-related fac-
tors.38 Patient-related factors, such as age, 
performance status, MM-specific comorbidi-
ty index of the revised myeloma comorbidity 
index,8 or the International Myeloma Work-
ing Group frailty scale,5 can predict individ-
ual tolerance to anti-MM treatment. It was 
hypothesized that the PMI using the 12th-PS-
MA in this study might be a patient-related 

parameter facilitating pretreatment deci-
sions including its regimen and intensity. 
Further, the current study demonstrated 
that low muscle mass significantly contrib-
uted to high TRM and poor PFS and OS. The 
study cohort consisted of intention-to-treat 
patients with MM with frontline ASCT follow-
ing the achievement of an overall response 
to induction chemotherapy. It is critical to 
avoid TRM after ASCT. Since no optimal con-
ditioning regimen has been developed for 
ASCT in patients with MM, clinicians should 
adopt a weak conditioning regimen for indi-
viduals with low muscle mass. Evidence from 
cancer cohorts supports this study’s finding 
that muscle mass status is directly related to 
critical chemotherapeutic toxicity.12,37 Above 
all, MM appears to be strongly linked to low 
muscle mass because of multidimensional 
factors, such as epidemiologically old-age 
onset;39,40 therefore, patients with MM may 
face disability related to devastating bone 

Figure 4. Comparison of survival outcomes between the low (black line) and non-low (red line) muscle mass groups. (a) Overall survival. (b) Progression-free 
survival. (c) Cumulative incidence of transplant-related mortality (TRM). (d) Cumulative incidence of disease progression. The estimated overall survival rate and 
median progression-free survival were poor in the low muscle mass group compared with the non-low muscle mass group (P = 0.074 and 0.029 for the overall 
survival rate and median progression-free survival, respectively). The cumulative incidence of TRM in the low muscle mass group was significantly higher than in the 
non-low muscle mass group (P < 0.001). No statistical significance in the cumulative incidence of disease progression was found between the two groups (P = 0.301).
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destruction, including vertebral compres-
sion fractures41 or heavy exposure to high-
dose steroids as part of anti-MM treatment.42 
It is known that comprehensive rehabilita-
tion with nutritional support and exercise 
programs treats and prevents low muscle 
mass.43 Moreover, nutritional therapy, in-
cluding protein of approximately 1.2–1.5 g/
kg/day and fat within 20%–30% of total en-
ergy content, and exercise therapy, such as 
resistance training, are recommended for pa-
tients with MM.43,44 Therefore, further studies 
are needed to investigate the potential clin-
ical benefits of intensive rehabilitation pro-
grams for preventing or treating sarcopenia 
following the diagnosis of MM or before the 
initiation of induction treatment; this may 
provide a more comprehensive understand-
ing of the effectiveness of such interventions 
in managing sarcopenia and enhancing pa-
tient outcomes.

This study was limited by its retrospective 
design and lack of prospective validation us-
ing another cohort. Potential selection bias 
exists as some patients without LDCT imag-
es before the ASCT were excluded from the 
initial cohort. The study’s population was 
also limited by confounding factors, such 
as heterogeneous induction treatment and 
the ASCT’s conditioning regimen. Further, 
as some data associated with cytogenetic 
risk were missing, statistical bias could exist 
in the association between the cytogenet-
ic risk and clinical outcomes. Although the 
study’s results indicated a prognostic impact 
of low muscle mass at the T12 level, the op-
timal sites for computing muscle mass were 
not confirmed. Therefore, further studies are 
needed to identify the optimal site among 
the candidate muscle sites, such as the pecto-
ralis or paraspinal muscles, at other thoracic 
levels. Nevertheless, the researchers believe 
the T12 level approach is preferable because 
it is simpler to measure muscle mass than at 
other sites. Further studies are warranted to 
validate the role of the PMI using the 12th-PS-
MA on outcomes in a larger cohort of trans-
plant-eligible patients with NDMM based on 
the results of this study.

In conclusion, sex-specific low muscle 
mass evaluated at the T12 level could be re-
lated to the prognosis of patients with MM 
receiving ASCT. For patients with NDMM 
preparing for ASCT, an inspection of muscle 
mass using LDCT may contribute to develop-
ing individualized management, including 
conditioning intensity, rehabilitation, and 
nutrition.
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Supplementary Table 1. Analysis to identify factors associated with paraspinal muscle index
Characteristics Paraspinal muscle index, mm2/m2

Correlation coefficient (95% CI) Mean ± SD (or median with interquartile) P value

Muscle density (Hounsfield unit) 0.045 (-0.099 ~ 0.188) NA 0.541

Age years at transplant -0.029 (-0.171 ~ 0.114) NA 0.692a

Sex <0.001b

 Male - 1117.2 ± 232.8

 Female - 973.7 ± 220.2

Type of myeloma 0.121c

 IgG - 1036.5 ± 248.7

 IgA - 1034.7 ± 203.9

 IgM or IgD - 1179.5 ± 289.8

 Light chain disease - 1049.8 ± 191.0

Light chain type 0.084b

  Kappa - 1024.3 ± 233.6

  Lambda - 1084.0 ± 239.5

Presence of extramedullary plasmacytoma 0.009b

 None - 1029.8 ± 225.8

 Present - 1142.1 ± 264.9

Lactate dehydrogenase at diagnosis 0.699b

 > Upper limit of normal - 1039.3 ± 255.3

β2-microglobulin at diagnosis -0.033 (-0.112 ~ 0.177) - 0.654a

Albumin at diagnosis, g/dL 0.15 (0.007 ~ 0.288) - 0.04a

ISS stage at diagnosis 0.355c

I, n (%) - 1089.5 ± 206.2

II, n (%) - 1045.4 ± 258.0

III, n (%) - 1024.9 ± 241.7

Cytogenetic status at diagnosis 0.23b

 Standard risk - 1030.5 ± 246.5

 High risk - 1085.8 ± 206.9

Time to transplantation from diagnosis 0.063 (-0.08 ~ 0.204) NA 0.387a

Induction treatment 0.115c

Bortezomib-thalidomide-dexamethasone - 1062.7 ± 239.4

Bortezomib-dexamethasone - 831.9 ± 236

Thalidomide-dexamethasone - 1078.4 ± 249.3

Bortezomib-melphalan-prednisolone - 937.8 ± 126.9

Lactate dehydrogenase at time prior ASCT 0.323b

 > Upper limit of normal - 1028.9 ± 229.4

Normal - 1064.7 ± 242.9

Response status at time prior ASCT 0.246c

 Complete response - 1081.0 ± 248.7

 Very good partial response - 1022.5 ± 213.5

 Partial response or stable disease - 1077.6 ± 288.5

Mobilization 0.341c

 G-CSF - 996.1 ± 241.8

 G-CSF plus cyclophosphamide - 1058.4 ± 210.9

 G-CSF plus etoposide - 1075.0 ± 256.6

 G-CSF plus plerixafor - 951.7 ± 136.3

Absolute neutrophil count at time prior ASCT -0.117 (-0.255 ~ 0.025) - 0.107a

Platelet count at time prior ASCT 0.054 (-0.195 ~ 0.089) - 0.457a

Glomerular filtration rate at time prior ASCT -0.025 (-0.167 ~ 0.118) - 0.734a

Collected CD34+ cells -0.02 (-0.162 ~ 0.123) - 0.786a

aCorrelations between paraspinal muscle index and continuous variables were evaluated using Pearson correlation coefficients; bparaspinal muscle index by numerical variable 
were compared by the Student’s t-test; cparaspinal muscle index by 3 or more multiple numerical variables were compared by the One-Way ANOVA test. CI, confidence 
interval; SD, standard deviation; ISS, International Staging System; ASCT, autologous hematopoietic stem cell transplantation; G-CSF, granulocyte-colony stimulation factor; Ig, 
immunoglobulin.
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Supplementary Table 2. The multilinear regression analysis with paraspinal muscle index to independent parameter

Parameters Paraspinal muscle index, mm2/m2

Regression coefficient ± SD P value

Sex; male, female -143.6 ± 53.4 <0.001

Type of myeloma; IgG, IgA, IgM or D, and light chain disease 12.1 ± 17.4 0.489

Light chain type; kappa, lambda 47.9 ± 34.3 0.165

Presence of extramedullary plasmacytoma; none, present -80.3 ± 43.0 0.063

Albumin at diagnosis, g/dL -36.9 ± 23.0 0.11

Induction treatment; bortezomib-thalidomide-dexamethasone, bortezomib-dexamethasone, 
thalidomide-dexamethasone, and bortezomib-melphalan-prednisolone -44.5 ± 26.3 0.093

Absolute neutrophil count at time prior ASCT -0.17 ± 0.1 0.089

ASCT, autologous hematopoietic stem cell transplantation; Ig, immunoglobulin; SD, standard deviation.

Supplementary Table 3. Univariable analysis to identify factors associated with survival outcomes

Overall survival Progression-free survival Cumulative incidences of TRM

Variables Number Median 95% CI P value Median 95% CI P value % at 4 years 95% CI P value

Paraspinal muscle index, mm2/m2 0.074 0.029 <0.001

  Low muscle mass 38 NA 34.5–NA 23.3 14.5–31.4 10.6 3.3–22.9

  Non-low muscle mass 152 NA NA–NA 29.2 24.3–38.7 0.7 0.1–3.3

Muscle density, Hounsfield unit1 0.19 0.01 0.276

  Low muscle density 38 NA 45.5–NA 27.2 22.6–38.0 5.3 0.9–15.7

  High muscle density 152 NA NA–NA 35.8 32.2–49.0 2.0 0.6–5.4

Time to ASCT from the assessing date 
of LDCT scan, days 0.984 0.487 0.534

  ≥ Mean value (28 days) 88 NA 58.2–NA 27.8 20.0–33.0 3.4 0.9–8.8

  < Mean value (28 days) 102 NA NA–NA 26.4 20.3–38.1 2.0 0.4–6.3

Age at transplant, years 0.101 0.215 0.483

  ≥60 66 58.2 52.4–NA 25.2 16.1–32.4 1.5 0.1–7.2

  <60 124 NA NA–NA 29 21.7–36.2 3.2 1.1–7.5

Sex 0.217 0.324 0.502

  Male 104 NA 54.9–NA 25.4 18.8–31.1 1.9 0.4–6.2

  Female 86 NA NA–NA 29.3 21.7–43.2 3.5 0.9–9.0

Type of myeloma 0.192 0.309 0.596

  IgG 103 NA NA–NA 25.4 19.5–30.1 1.9 0.4–6.2

  IgA 33 NA 52.4–NA 43.2 14.5–NA 3.0 0.2–13.6

  IgM or IgD 18 48.5 33.3–NA 18.6 9.6–36.2 0.0 0.0 

  Light chain disease 36 NA NA–NA 32.4 15.7–52.1 5.6 1.0–16.5

Light chain type 0.086 0.112 0.13

  Kappa 101 NA NA–NA 31.1 24.5–43.2 1.0 0.1–4.9

  Lambda 89 NA 54.9–NA 24.3 17.3–30.2 4.5 1.5–10.3

Presence of extramedullary disease at 
diagnosis 0.421 0.946 0.258

  None 152 NA NA–NA 24.8 21.7–32.6 3.3 1.2–7.1

  Present 38 NA 52.4–NA 26.6 15.7–44.8 0.0 0.0 

Lactate dehydrogenase at diagnosis 
(missing n = 8) 0.883 0.543 0.885

  > Upper limit of normal 40 NA 58.2–NA 26.2 21.7–38.7 2.6 0.2–11.7

  Normal 142 NA NA–NA 29.3 13.9–36.2 2.1 0.6–5.6

β2-microglobulin at diagnosis, mg/L 
(missing n = 5) 0.002 <0.001 0.123

  ≥5.5 99 NA NA–NA 39.2 30.1–52.1 1.0 0.1–5.0

  <5.5 and ≥3.5 44 NA 54.9–NA 17.3 14.5–30.2 2.3 0.2–10.5

  <3.5 42 NA 31.3–NA 16.4 11.2–24.0 7.1 1.8–17.6
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Supplementary Table 3.  Continued

Overall survival Progression-free survival Cumulative incidences of TRM

Variables Number Median 95% CI P value Median 95% CI P value % at 4 years 95% CI P value

Albumin at diagnosis, g/dL 0.047 0.122 0.06

  ≥3.5 113 NA NA–NA 30.2 24.5–36.2 0.9 0.1–4.4

  <3.5 74 NA 58.2–NA 24 16.4–29.0 5.4 1.7–12.2

Cytogenetic risk (missing n = 60) 0.732 0.394 0.371

  Standard 93 NA NA–NA 30.2 21.7–40.0 2.2 0.4–6.8

  High 37 NA 58.2–NA 29.2 16.6–38.7 0.0 0.0 

Time to ASCT from diagnosis, months 0.419 0.681

  ≥ Median (6.4 months) 96 NA 52.4–NA 27.8 18.6–36.2 3.1 0.8–8.1

  < Median (6.4 months) 94 NA NA–NA 26 21.0–38.1 2.1 0.4–6.8

Induction treatment 0.475 0.636 0.478

  Bortezomib-thalidomide-
dexamethasone 173 NA NA–NA 26.6 12.5–76.5 2.9 1.1–6.2

  Others2 17 NA 54.9–NA 25.6 23.3–32.4 0.0 0.0 

Lactate dehydrogenase at time prior 
ASCT 0.241 0.206 0.033

  > Upper limit of normal 66 NA 48.5–NA 24 16.8–32.9 6.1 1.9–13.6

  Normal 124 NA NA–NA 29 24.3–40.0 0.8 0.1–4.0

Response status at time prior ASCT 0.898 0.148 0.174

  Complete response 77 NA 54.9–NA 30.1 21–51.8 0.0 0.0 

  Very good partial response 92 NA 58.2–NA 26.6 18.8–32.6 4.4 1.4–10.0

  Partial response or stable disease 21 NA NA–NA 17.3 11.7–NA 4.8 0.3–20.2

Mobilization of peripheral blood 
mononuclear cell 0.055 0.794 0.469

 G-CSF plus cyclophosphamide 67 NA 58.2–NA 26.8 21.0–38.1 1.5 0.1–7.1

 Others3 123 NA NA–NA 25.6 17.3–32.6 3.3 1.1–7.6

Absolute neutrophil count at time 
prior ASCT, /mm3 0.973 0.16 0.438

  ≥1.5 170 NA NA–NA 26.2 21.0–31.4 2.9 1.1–6.3

  <1.5 20 NA 33.3–NA 52.1 12.1–NA 0.0 0.0 

Platelet count at time prior ASCT,  
/mm3 0.332 0.149 0.508

  ≥150 175 79.6 71.2–85.8 29 24–32.9 2.9 1.1–6.2

  <150 15 72.2 41.7–88.6 14.5 7.3–26.4 0.0 0.0 

Glomerular filtration rate at time prior 
ASCT, mL/min/1.73m2 0.119 0.191 <0.001

  ≥60 167 NA NA–NA 29 24.0–32.9 1.2 0.2–3.9

  <60 23 NA 48.5–NA 18.6 14.5–33.0 13.0 3.1–30.2

Conditioning regimen 0.145 0.336 0.653

  High dose melphalan 122 77.6 65.3–86.0 24 18.6–29.2 3.3 1.1–7.6

  Melphalan plus busulfan 23 95.2 70.7–99.3 32.7 25.4–NA 0.0 0.0 

  Others4 45 72.8 56.9–83.6 29 17.3–39.2 2.2 0.2–10.3

Infused CD34+ cell, x106/kg 0.697 0.541 0.174

  ≥ Median (5.45) 95 NA 58.2–NA 29.2 20.3–43.2 1.1 0.1–5.2

  < Median (5.45) 95 NA NA–NA 25.6 18.8–32.6 4.2 1.4–9.7

Maintenance therapy after ASCT 0.4 0.224 0.601

  Yes 58 NA 58.2–NA 31.1 18.8–31.4 1.8 0.1–8.3

  No 132 NA NA–NA 25.6 24.0–51.8 3.0 1.0–7.1
1Cut-off for low muscle density was defined by sex-specific lowest quantile: 31.8 HU in male and 18.4 HU in female, respectively; 2others include four of bortezomib-
dexamethasone, four of thalidomide-dexamethasone, and nine of bortezomib-melphalan-prednisolone; 3others include 36 of G-CSF only, 84 of G-CSF plus etoposide, and 3 of 
G-CSF plus plerixafor; 4others include 32 of melphalan, busulfan plus thiotepa, 2 of busulfan plus thiotepa, and 11 of bortezomib, busulfan plus melphalan; NA, not available due 
to not-reached median survival outcome; CI, confidence interval; ASCT, autologous hematopoietic stem cell transplantation; Ig, immunoglobulin; LDCT, low-dose chest CT; G-CSF; 
granulocyte-colony stimulation factor; TRM, transplant-related mortality; HU, Hounsfield unit.
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Supplementary Figure 1. A strong correlation between 12th-paraspinal muscle area and 12th-total muscle area. In pilot investigation (n = 23), paraspinal muscle 
area (PSMA) and total muscle area (TMA) including latissimus dorsi, intercostal, rectus abdominis, external oblique, internal oblique, and paraspinal muscles were 
measured from axial computed tomography image at the level of 12th thoracic vertebra. Pearson correlation analysis showed that 12th-PSMA had a strong correlation 
with 12th-TMA (Pearson’s correlation coefficient, 0.949). Since measuring 12th-PSMA instead of 12th-TMA is a simpler and more convenient method, 12th-PSMA was 
finally selected as the criterion in current study.
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Liver tumor visualization by SIALI for percutaneous thermal ablation	

Thermal ablation of ultrasound and non-contrast computed 
tomography invisible primary and secondary liver tumors: targeting by 
selective intra-arterial lipiodol injection
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PURPOSE
To evaluate the technical feasibility and outcomes of thermal ablation following selective intra-ar-
terial lipiodol injection (SIALI) for targeting primary and secondary liver tumors invisible on ultra-
sound (US) and non-contrast computed tomography (CT).

METHODS
This retrospective study included 18 patients with 20 tumors (67% male, mean age 60.8 ± 12.1 
years). The 20 tumors included 15 liver metastases and 5 hepatocellular carcinomas. All patients 
underwent single-session SIALI and subsequent CT-guided thermal ablation. The primary outcome 
was a technical success, defined as visualization of the tumor after SIALI and successful thermal 
ablation. Secondary outcomes were local recurrence rate and procedure-related complications.

RESULTS
The median tumor size was 1.5 (1–2.5) cm. In addition, SIALI was performed with a median volume 
of 3 (1–10) mL of lipiodol resulting in intra-tumoral iodized oil accumulation in 19 tumors and neg-
ative imprint with iodized oil accumulation of the surrounding liver parenchyma in 1 tumor. The 
technical success rate was 100%. No local occurrence was observed at a mean follow-up time of 3 
± 2.5 years.

CONCLUSION
SIALI to tag liver tumors not visible with US and non-contrast CT before percutaneous ablation is 
highly feasible and has a high success rate for the treatment of both primary and secondary liver 
tumors.

KEYWORDS
HCC, invisible tumor, liver metastases, selective intra-arterial lipiodol injection, thermal ablation
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Percutaneous thermal ablation of primary and secondary liver tumors is an accepted al-
ternative to surgery for tumors measuring less than 3 cm.1-3 Thermal ablation is typically 
guided by ultrasound (US) or non-contrast computed tomography (CT).1 However, in 

some cases, the lesions are not visible on either imaging method. Different techniques, such 
as image fusion with pre-treatment magnetic resonance imaging (MRI) or pre-treatment per-
ilesional coil placement, have been utilized to overcome this problem.4,5 Another promising 
technique is CT-guided thermal ablation after selective intra-arterial lipiodol injection (SIA-
LI) with accumulation in the target tumor, mostly used today for hepatocellular carcinomas 
(HCCs).6,7 So far, no studies exist that evaluate the efficacy of SIALI and subsequent thermal 
ablation in secondary liver tumors.

Hence, this study aims to evaluate thermal ablation’s feasibility and therapeutic outcomes 
following SIALI for targeting US- and non-contrast-CT-invisible, mostly secondary, liver tu-
mors.
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Methods
This retrospective study was approved 

by the institutional review board (protocol 
number 2022-111). Written informed con-
sent was waived.

Patients

Between April 2003 and January 2021, 103 
patients underwent a single-session com-
bined treatment of SIALI (or lipiodol-based 
transarterial chemoembolization) and percu-
taneous thermal ablation in various organs 
(Figure 1). Among the 84 patients treated with 
SIALI in the liver, 66 were treated in combina-
tion with chemotherapy for liver tumors of 
3–5 cm with the goal of improving local tumor 
control with ablation.8 The final study cohort 
consisted of 18 patients with 20 liver lesions, 
smaller than 3 cm and invisible on US and 
non-contrast CT (66.7% male, mean age 60.8 ± 
12.1 years), treated with SIALI for the purpose 
of tumor visualization and thermal ablation.

Baseline characteristics are reported in 
Table 1. All patients had MRI or multiphase 
CT scans (native, arterial, portal venous, and 
delayed phase) of the liver at baseline, with 
the liver lesions only visible on the arterial 
phases. Five lesions were HCCs (25%), where-
as the other 15 lesions were liver metastases 
from various locations (75%) (Table 1).

Interventional techniques

All interventions took place under gen-
eral anesthesia in a hybrid room made of an 
angiography system (angioCT alphenix 4D+, 
Canon Medical Systems, Otawara, Japan) and 
a multidetector CT (MDCT) (Acquillion one 
Genesis, Canon Medical Systems, Otawara, 
Japan; LightSpeed 16, GE Medical Systems, 
Milwaukee, WI, USA).

SIALI
After the puncture of the common right 

femoral artery, a 5F sheath was inserted, 

Main points

•	 Treatment of small liver tumors by percu-
taneous thermal ablation that are invisible 
on ultrasound or non-contrast computed 
tomography is challenging.

•	 Primary and secondary liver tumors can be 
visualized by selective intra-arterial lipiodol 
injection (SIALI), enabling same-session per-
cutaneous thermal ablation.

•	 SIALI proved feasible with excellent onco-
logic outcomes and allowed for the treat-
ment of both primary and secondary liver 
tumors.

Table 1. Baseline patient characteristics

All

Total patients, n (%)
   Age (years), mean ± SD
   Male, n (%)

18 (100)
60.8 ± 12.1
12 (66.7)

Encountered histology
   Number of tumors treated, n (%)
    HCC, n (%)
    Metastases, n (%)
    Neuroendocrine, n (%)
    Adrenal carcinoma, n (%)
    Thyroid carcinoma, n (%)
    Paraganglioma, n (%)
    GIST, n (%)

20 (100)
5 (25)
15 (75)
11 (73.3)
1 (6.7)
1 (6.7)
1 (6.7)
1 (6.7)

Tumor specifications
    Tumor size (cm), median (min–max)
    Previous treatments
	 No, n (%)
	 Surgery, n (%)
	 Radiotherapy, n (%)
	 IR, n (%)
	 Systemic chemotherapy, n (%)
    Liver segment
	 II
	 IV
	 V
	 VI
	 VII
	 VIII

1.5 (1–2.5)

2 (11.1)
12 (66.7)
1 (5.6)
8 (44.4)
8 (44.4)

2 (10)
3 (15)
1 (5)
7 (35)
2 (10)
5 (25)

GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; IR, Interventional Radiology; SD, standard 
deviation.

Figure 1. Patient inclusion and outcome flowchart. HCC, hepatocellular carcinoma.



 and the common hepatic artery was cathe-
terized. A digital subtraction angiography 
was performed to detect all tumor feeders. 
In case tumor feeders were not detected 
on digital subtraction angiography, a CT 
angiography was also carried out to locate 
the tumor-feeding arteries. Next, selective 
catheterization of the corresponding vessel 
was performed using a 2.4F microcatheter 
(PROGREAT®, Terumo, Tokyo, Japan). A CT 
angiography was conducted over the placed 
microcatheter to verify that the entirety of 
the tumor was covered. Iodized oil (Lipi-
odol Ultrafluid, Guerbet, Aulnay-Sons-Bois, 
France) emulsified with saline in a 3:1 ratio 
was injected into the corresponding artery. 
The SIALI endpoint was the visualization of 
the tumor on non-contrast CT.

Percutaneous ablation

Percutaneous ablation was performed 
immediately after SIALI once tumor tagging 
was confirmed on MDCT. A thermal ablation 
probe was inserted into the tumor under 
real-time MDCT guidance. The liver tumors 
were either treated by radiofrequency ab-
lation (RFA), microwave ablation (MWA), or 
cryoablation (CRA) based on the preference 
of the treating interventional radiologist.

For RFA, either a deployable RFA needle 
(LeVeen, Boston Scientific, Natick, MA, USA) 
(Figure 2) or a triple cluster probe (Cool-tip™ 
RFA Cluster Electrode 2.5 cm active tip, Co-
vidien, Mansfield, MA, USA) (Figure 3) was 
used. The standard ablation protocol con-
sisted of 12 min with a target final tempera-
ture of 60°C or above for the triple cluster 
probe. For the deployable RFA needle, the 
ablation session was started at an energy of 
30 W and increased by 10 W every 60 s until 
tissue impedance was raised and a roll-off 
was reached. In case the roll-off was reached 
before 12 min, an additional ablation session 
was performed.

The MWA was performed with microwave 
probes from different vendors. The time and 
power of ablation were adapted according to 
the tumor size, location, and comprehensive 
protocols supplied by the generator supplier.

The CRA was performed with a cryo-sys-
tem (VISUAL ICE™, Boston Scientific, Natick, 
MA, USA) and multiple cryoprobes (Ic-
eSphere™ or IceRod™) to cover the entire le-
sion. A standard treatment cycle consisted of 
two freeze cycles over 10 min with an inter-
mittent 10 min thawing cycle (9 min passive 
heating, 1 min active heating).

A safety margin of 5 mm between the SI-
ALI visualized tumor and the ablation zone, 
monitored with periprocedural CT, was con-
sidered sufficient for thermal ablation.

Follow-up treatment

Follow-up treatment consisted of clinical 
visits and imaging at 1, 2, 6, and 12 months, 
with subsequent annual visits. Technical 
success was defined as the visualization of 
the tumor after SIALI and successful ther-
mal ablation. Local recurrence was defined 
as any contrast-enhancing nodular lesion 
in the treated area evaluated by multiphase 
CT or contrast-enhanced MRI. Complications 
were classified according to the Society of 
Interventional Radiology (SIR) standards of 
practice committee with a SIR adverse event 
(AE) severity scale of 1 to 5.9 The primary 
outcome was a technical success. Secondary 
outcomes were local recurrence and proce-
dure-related complications.

Statistical analysis

The Shapiro–Wilk test was used to test for 
the normal distribution of data. For descrip-
tive data, mean values and standard devia-
tions, as well as median (min–max) values, 
were provided as appropriate. Categorical 
variables were reported as frequencies and 
percentages. IBM SPSS software v25.0 was 
used for data analysis.

Results
Median tumor size was 1.5 (1–2.5) cm with 

5 HCCs (25%) and 15 liver metastases (75%) 
treated. After SIALI with a median volume of 
3 (1–10) mL of iodized oil, all but one tumor 
(95%) showed intra-tumoral iodized oil accu-
mulation with enough conspicuity for abla-
tion targeting. In one patient (5%), the tumor 
was visualized by a negative imprint with lip-
iodol accumulation of the surrounding liver 
parenchyma (Figure 4).

Thermal ablation was performed using a 
cluster probe RFA in seven cases (39%) with 
a mean ablation time of 11.6 ± 4 min and a 
mean end temperature of 79°C ± 6.4°C. A de-
ployable RFA needle was used in four cases 
(22%), and MWA was used in six cases (33%) 
with a mean applicated power of 84 ± 22 W 
and a mean ablation time of 10 ± 3.5 min. 
CRA was used in one case (6%).

One complication (5.6%) was encoun-
tered (SIR AE severity scale 4) with cardiac 
arrest due to hormone discharge during ab-
lation of a paraganglioma metastasis. In-hos-
pital mortality was 0%. The first follow-up CT 
demonstrated ablation zones measuring 4 ± 

Figure 2. Tagging of a liver metastasis from a neuroendocrine tumor by selective intra-arterial iodized oil 
injection and subsequent radiofrequency ablation (RFA) in a 56-year-old female. Panel (a) shows an arterial 
phase of the pre-treatment magnetic resonance imaging (MRI) with a hypervascular tumor measuring 12 
mm in segment IVb (white arrow). Panel (b) shows the selective angiography with a microcatheter (white 
star) placed in the segment IVa artery and a tumor blush (dotted circle). After injection of 2 mL of iodized oil, 
the tumor showed strong accumulation [dotted circle panel (c)]. Subsequently, an expandable RFA needle 
(LeVeen, Boston Scientific, Natick, MA, USA) (dotted white arrows) was placed under computed tomography 
guidance covering the entire tumor [panel (d)]. Panel (e) shows a contrast-enhanced MRI six months after 
treatment without evidence of tumor recurrence (white star).
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1.2 cm, which completely encompassed the 
targeted tumors with safety margins. The tu-
mors were still visible at the time of follow-up 
due to iodized oil retention.

No local recurrence was observed during 
a mean follow-up period of 3 ± 2.5 years. Dis-
tant progression was observed in 11 patients 

(61.1%), with a mean time to systemic pro-
gression of 2.1 ± 1.5 years. Table 2 summa-
rizes all intervention-related characteristics.

Discussion
The present study indicates that targeting 

invisible liver metastases by SIALI immedi-

ately before percutaneous ablation is highly 
feasible with a high local tumor control rate, 
as it is for primary liver tumors.

For percutaneous ablation, the visibility of 
the target lesion is of utmost importance, and 
US or non-contrast CT guidance is most com-
monly used. In tumors not depicted with US 
or non-contrast CT guidance, the technique 
to tag liver tumors by SIALI described in this 
study carries multiple advantages. First, it is 
a low-cost, ubiquitous technology with low 
additional intervention-related risks. Second, 
no additional software or hardware is need-
ed. However, when MDCT and angiography 
are not located in the same room, either the 
puncture can be obtained under cone beam 
computed tomography (CBCT) guidance, or 
the patient has to be moved from the angi-
ography suite to the MDCT after SIALI.10,11 
Even if there is a personal experience with 
CBCT-guided puncture after SIALI not re-
ported here, the optimal solution is certainly 
an integrated angiography-CT suite, which is 
increasingly common in interventional on-
cology departments.12

An alternative technique for targeting US 
and CT non-visible lesions is image fusion 
with pre-treatment contrast-enhanced im-
ages, where the tumor is visualized.13 How-
ever, image fusion has limitations due to dif-
ferent breathing phases and arm positioning 
between pre-treatment and per-treatment 
imaging, causing differences in liver configu-
ration.14 This problem might be overcome by 
non-rigid image registration, which is techni-
cally more demanding and likely unavailable 
today in routine practice.15 Furthermore, due 
to diaphragm motion during breathing, tu-
mors located in the hepatic dome are highly 
challenging. Especially in the case of special 
percutaneous access routes, such as a trans-
thoracic/diaphragmatic probe placement af-
ter creating an artificial pneumothorax (Fig-
ure 3), image fusion is limited due to major 
hepatic deformations. Other emerging fields 
trying to solve the difficulties of invisible 
targets are stereotactic image-guided navi-
gation and robotic navigation systems with 
trajectory planning on contrast-enhanced 
CT scans obtained before treatment.13,16 
However, these systems are associated with 
very high costs and low availability.

There are few studies in the literature ex-
amining the feasibility and long-term out-
comes of SIALI or lipiodol-based transarte-
rial chemoembolization for targeting small 
invisible HCCs, reporting excellent tumor 
visualization and local tumor control rates 
of 90%–100%.6,7,17-20 While no published data 
exists for secondary liver tumors, the current 
cohort demonstrates successful tagging of 

Figure 3. Tagging of a hepatocellular carcinoma by selective intra-arterial iodized oil injection and 
subsequent radiofrequency ablation (RFA) in a 54-year-old male. Panel (a) shows an arterial phase of the 
pre-treatment computed tomography (CT) with a hypervascular tumor measuring 14 mm in segment VIII 
(white arrow). Panel (b) shows the selective angiography with a microcatheter (white star) placed in the 
segment VIII artery and a tumor blush (dotted circle). After the injection of 3 mL of iodized oil, the tumor 
showed moderate accumulation [dotted circle panel (c)]. Subsequently, a triple cluster probe (Cool-tip™ RFA 
Cluster Electrode 2.5 cm active tip, Covidien, Mansfield, MA, USA) was placed under CT guidance [panel (d)]. 
The needle was placed transthoracically and diaphragmatically after creating an iatrogenic pneumothorax. 
Panel (e) shows a contrast-enhanced CT six months after treatment without evidence of tumor recurrence 
and the ablation zone (white dotted arrows) covering the entire tumor.
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Figure 4. Tagging of a liver metastasis from a neuroendocrine tumor by selective intra-arterial iodized oil 
injection and subsequent microwave ablation in a 46-year-old male. Panel (a) shows an arterial phase of 
the pre-treatment magnetic resonance imaging (MRI) with a hypervascular tumor measuring 14 mm in 
segment IV (white arrow). The selective angiography of the segment IV artery did not reveal any tumoral 
blush. However, a total of 2 mL of iodized oil was injected with accumulation in the peritumoral liver 
parenchyma, enabling the detection of the tumor (white dotted arrows) on non-contrast intraprocedural 
computed tomography [panel (b)]. Subsequently, microwave ablation was performed without evidence of 
tumor recurrence (white star) on a follow-up MRI at six months [Panel (c)]. 

a b c
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all 15 secondary liver tumors from various 
primary origins, mostly with intratumoral 
lipiodol accumulation but also with negative 
staining due to iodized oil accumulation in 
the surrounding liver parenchyma (Figure 
4). The 100% local tumor control rate after 
a mean follow-up period of 3 ± 2.5 years 
demonstrates the high effectiveness of SIALI, 
which is related to the precise needle posi-
tioning during percutaneous thermal abla-
tion.

The main limitations of this study are the 
retrospective design and the limited number 
of patients.

In conclusion, utilizing SIALI to tag US- 
and non-contrast-CT-invisible liver tumors 
for percutaneous ablation is feasible with 
excellent outcomes and allows for the treat-
ment of both primary and secondary liver 
tumors.
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Table 2. Treatment and follow-up characteristics

All

Intervention
	 Type of ablation
	        RFA cluster, n (%)
	        RFA expandable, n (%)
	                 Ablation time (min), mean ± SD
 	                 End temperature (°C), mean ± SD
	        Microwave ablation, n (%)
	        Cryoablation, n (%)
	 Type of embolization
	        Lipiodol
	                 Lipiodol volume (mL), median (min–max)
	                 Lipiodol retention, n (%)
	 Organ at risk in vicinity, n (%)
	 Technical success, n (%)
	 Ablation zone, mean ± SD

7 (38.9)
4 (22.2)
11.6 ± 4
79 ± 6.4
6 (33.3)
1 (5.6)

20 (100)
3 (1–10)
19 (95)
3 (16.7)
20 (100)
4 ± 1.2

In-hospital outcome
	 Complications, n (%)
	 In-hospital mortality, n (%)
	 Hospital stay (days), median (min–max)

1 (5.6)
0 (0)
3 (1-8)

Follow-up (years), mean ± SD
	 Local recurrence, n (%)

3 ± 2.5
0 (0)

	 Systemic progression, n (%)
	        Time to systemic progression (years), mean ± SD

11 (61.1)
2.1 ± 1.5

RFA, Radiofrequency ablation; SD, Standard deviation.
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ABSTRACT
Osteoarthritis (OA) of the knee represents one of the most common diseases in the world, affecting 
an estimated 14 million people in the United States alone. Exercise therapy and oral pain medica-
tion are first-line treatments but have limited efficacy. Next-line treatments such as intra-articular 
injections are limited in durability. Moreover, total knee replacements, although effective, require 
surgical intervention, which has considerable variability in patient satisfaction. Novel minimally in-
vasive image-guided interventions are becoming more widespread for treating OA-related knee 
pain. Recent studies of these interventions have revealed promising results, minor complications, 
and reasonable patient satisfaction. In this study, published manuscripts were reviewed in the field 
of minimally invasive, image-guided interventions for OA-related knee pain, with a focus on genic-
ular artery embolization, radiofrequency ablation, and cryoneurolysis. Recent studies have demon-
strated a significant decrease in pain-related symptoms following these interventions. Reported 
complications were mild in the reviewed studies. Image-guided interventions for OA-related knee 
pain exist as valuable options for patients who fail other therapies, may not be good surgical candi-
dates, or wish to avoid surgical intervention. Further studies with randomization and an increased 
length of follow-up are needed to better characterize outcomes following these minimally invasive 
therapies.

KEYWORDS
Cryoneurolysis, genicular artery embolization, knee pain, osteoarthritis, radiofrequency ablation
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Osteoarthritis (OA) is a major public health problem, with a growing prevalence and 
incidence.1 OA of the knee, in particular, affects an estimated 14 million people in the 
United States alone.2,3 Furthermore, knee OA is not simply a disease of the elderly, as 

one in eight individuals with symptomatic knee OA are under the age of 45, and nearly half 
the patients with OA are between 45 and 64 years.4 Symptoms of knee OA include stiffness, 
leading to a reduction in the range of motion, tenderness, and swelling; however, the most 
common presenting symptom of knee OA is knee pain. 

The pathophysiology of OA is complex, and a clear mechanism has not been confirmed. 
However, a variety of factors, including cartilage breakdown, synovial inflammation, angio-
genesis, and recruitment of inflammatory markers, are thought to be the primary drivers of 
disease progression.5-8 Risk factors, such as age, obesity, smoking, and mechanical stress, con-
tribute to the degradation of articulating hyaline cartilage, periarticular tissues, and subchon-
dral bone in joints throughout the body.9 This process leads to a state of chronic inflammation, 
which is characterized by the release of inflammatory cytokines, including tumor necrosis 
factor alpha, interleukin (IL)-1β, and IL-6.10 These cytokines trigger pro-inflammatory process-
es over time, leading to the release of vascular growth factors, neuropeptides, and β nerve 
growth factor.6-8 These markers stimulate the growth of new blood vessels through a process 
of neovascularization. New vasculature grows into the local joint space of the knee and pen-
etrates adjacent cartilage, synovium, and bone.5 New blood vessels may also contribute to 
the growth and development of new sensory nerve fibers.5 The common pain experienced 
by people with knee OA is likely a result of a combination of factors, including chronic inflam-
mation, mechanical stress, and the development of unmyelinated nerve fibers along sites of 
neovascularity and chronic inflammation. 
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Current treatment options for symptom-
atic knee OA aim to limit pain symptoms. 
Exercise therapy is a first-line treatment for 
symptomatic OA because of its lack of ad-
verse side effects, cost effectiveness, and 
reasonable efficacy.11,12 The limitations of this 
therapy include poor adherence, observed in 
a majority of patients, as well as the inability 
to perform the exercises when pain levels be-
come high.13 Patients often progress to using 
over-the-counter pain medication, such as 
non-steroidal anti-inflammatories (NSAIDs), 
for the relief of symptoms. However, NSAIDs 
subject patients to the risks of gastrointes-
tinal bleeding, kidney injury, and gastric ul-
cers.14 Intra-articular steroid and hyaluronic 
acid injections may provide relief, but the 
benefits are not durable and have been 
shown in some studies to accelerate knee 
OA progression.15-17 Total knee replacement 
(TKR) is reserved for patients with severe OA 
that is refractory to conservative therapy, and 
patients often suffer with OA-related knee 
pain symptoms for an average of 9 years pri-
or to becoming surgical candidates.18 More 
than 20% of patients receiving TKR experi-
ence persistent and unchanged pain after 
their surgery.19-21 

In this context, novel minimally invasive 
interventions for OA-related knee pain may 
improve patient outcomes and satisfaction. 
Image-guided interventions for OA-related 
knee pain consist of varied minimally inva-
sive procedures that include genicular artery 
embolization (GAE), radiofrequency ablation 
(RFA), and cryoablation. These interventions 
are becoming increasingly common given 
their safety profile and ability to be per-
formed on an outpatient basis.22 Recent stud-
ies of the modalities, which are discussed in 

this paper, have demonstrated promising re-
sults in the management of OA-related knee 
pain.

Discussion 

Genicular artery embolization

As previously discussed, neovascularity 
and its association with synovial inflamma-
tion may contribute to the progression of 
OA-related knee pain. Although other treat-
ment options aim to specifically treat symp-
toms of pain through the disruption of pain 
signaling pathways, GAE aims to occlude sy-
novial neovascularity in an effort to decrease 
the contribution of synovial inflammation to 
disease progression.22 

The knee joint is classically supplied by 
six genicular arteries: a descending genicu-
lar artery, superior medial genicular artery, 
inferior medial genicular artery, superior lat-
eral genicular artery, inferior lateral genicular 
artery, and anterior tibial recurrent artery 
(Figure 1). The descending genicular artery 
branches off from the distal superficial femo-
ral artery. The medial and lateral genicular ar-
teries originate from the popliteal artery, and 
as the names imply, superior genicular arter-
ies course along the superior aspect of the 
knee, and inferior genicular arteries course 
along the inferior portion of the knee. GAE is 
performed by obtaining arterial access, com-
monly through the femoral artery, and guid-
ing a microcatheter to the specific genicular 

arteries in the areas of reported pain. When 
the proper location is confirmed through flu-
oroscopy, an injection of embolization par-
ticles is administered if neovascularity and 
hyperemia are demonstrated. 

Inflamed synovium neovascularity can be 
seen on angiography as a contrast-rich area 
reflecting synovial hyperemia (Figure 2a). 
The goal of GAE is to prune the neovascular-
ity supplying the hyperemic region, thereby 
reducing the hyperemia and inflammation of 
the synovium (Figure 2b).23 Embolization can 
be accomplished through the injection of 
permanent particles or temporary embolic 
agents into targeted vasculature.23-26 Figure 3 
presents a diagram of GAE.

Several studies have been conducted on 
the efficacy of GAE in treating OA-related 
knee pain. Okuno et al.26 conducted a study 
in 2017 of 72 patients, defining the clinical 
success of GAE as a 50% reduction in the 
Western Ontario and McMaster Universities 
Arthritis Index (WOMAC) score versus base-
line. The WOMAC score is used in the setting 
of hip and knee OA and ranges from 0 to 96.27 
It consists of a self-administered question-
naire, which has 24 items and is divided into 
three categories: pain, stiffness, and physical 
function. The results of the study reveal a 
clinical success rate of 86.3% and 79.8% at 6 
months and 3 years, respectively.

Main points

•	 Osteoarthritis (OA) is one of the most prev-
alent diseases in the world, with pain as the 
most common presenting symptom, ne-
cessitating the need for effective and safe 
treatment.

•	 Although current options for osteoarthritic 
knee pain relief exist, they are not without 
side effects and have varying levels of efficacy.

•	 Minimally invasive options such as genicular 
artery embolization, radiofrequency abla-
tion, and cryoneurolysis have been demon-
strated to produce significant pain relief in 
randomized controlled trials, and although 
further research is required to fully charac-
terize their place in OA-related pain treat-
ment, the use of these treatments should be 
considered. Figure 1. Vascular supply to the knee.
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A study in 2020 by Landers et al.25 includ-
ed 10 patients at 1-, 6-, and 12-month post-
procedure follow-up. Of these 10 patients, 
two withdrew from the study, with one un-
dergoing a TKR with no reported benefit. 
This study reported an inferior treatment re-
sponse compared with the findings of Okuno 
et al.28, with a 60% response rate to interven-
tion at 12 months. At 24 months, although 
the quality-of-life scores and 30-s chair stand 
test performance were substantially im-
proved from baseline, pain and self-reported 
function returned to near baseline levels. 

The GENESIS Trial, published in 2021, was 
a prospective trial including 38 patients [Kell-
gren–Lawrence (KL) grade 1–3] and a mean 
follow-up of 8 months.23 Synovial hyper-
vascularity was assessed through magnetic 
resonance imaging (MRI) to standardize the 
preprocedure and postprocedure imaging as-
sessment. Significant reductions in pain were 
noted, measured using the knee injury and 
OA outcome score, at 6 weeks and 12 months. 
An MRI analysis revealed improvement in sy-

novitis across all patients and an absence of 
postembolization cartilage loss.28,29 

In 2022, Bagla et al.30 conducted a ran-
domized controlled trial consisting of GAE 
compared with a sham procedure in 21 
patients over the course of 12 months. Pa-
tients randomized to the sham cohort had 
no significant reduction in pain at 1 month 
and were moved to the GAE cohort. At 12 
months, patients receiving GAE exhibited 
a statistically significant mean reduction in 
both WOMAC pain scores (47) and Visual An-
alog Scale scores (54.6). Three patients with-
drew from the trial because of increased pain 
from baseline following the GAE procedure. 
Similarly, the patients who moved to the 
treatment cohort exhibited statistically sig-
nificant reductions in pain scores at all time 
points.

The potential complications of GAE in-
clude nerve injury, bone infarction, access 
site hematoma, skin erythema and ulcer-
ation, and non-target embolization.28,31-33 To 
better predict a patient’s response to GAE, 

studies have researched patient factors asso-
ciated with inferior treatment outcomes.31,33 
Having a better understanding of these fac-
tors can potentially aid patient selection and 
improve the risk–benefit profile of the inter-
vention. A study published in 2021 specifi-
cally focused on MRI findings in patients who 
underwent GAE.33 The strongest predictor of 
diminished pain reduction after GAE, mea-
sured using the WOMAC score, was the pres-
ence of a full-thickness cartilage defect. Effu-
sion synovitis, high-grade osteophytes, bone 
marrow lesions, and subregional cartilage 
lesions (all associated with a higher KL grade) 
were variables associated with decreased 
pain reduction. These findings suggest that 
MRI may be used to identify patients less like-
ly to respond to GAE therapy. 

Recent studies regarding GAE as a thera-
peutic option have demonstrated promising 
results. To further our understanding of GAE, 
additional randomized sham-controlled trials 
should be undertaken. 

RFA

RFA was first described in 1891. It func-
tions by creating an electromagnetic field 
around the tip of a device that transfers heat 
energy to adjacent structures.34 This proce-
dure has been used to treat conditions such 
as trigeminal neuralgia, lumbar spinal facet 
disease, and sacroiliac joint pain, as well as 
OA-related knee pain.35-37 RFA ablation may 
be particularly useful for treating OA-related 
knee pain because of its targeted effect on 
neuropathic pain. The successful ablation 
of nerves prevents the transmission of pain 
signals sent as a result of chronic inflamma-
tion and direct bony contact in the context 
of OA.38,39 Different options exist concerning 
the temperature range of the probe as well 
as the option of pulsed application.40 Tradi-
tionally, the goal temperature ranges from 
70 °C–90 °C, but recent studies have em-
ployed temperatures as low as 60 °C.41 

Given that the genicular nerves supplying 
the knee consist of branches of the femoral, 
common peroneal, saphenous, tibial, and 
obturator nerves, multiple targets exist for 
ablation in an attempt to treat intra-articular 
nerve endings and inhibit the neurotrans-
mission of nociceptive signals.32,40,42 Com-
monly targeted nerves for OA-related knee 
pain include the superior lateral, superior 
medial, and inferior medial genicular nerves. 
Due to the role of the common peroneal 
nerve in motor control and the potential risk 
of motor nerve injury, the nearby inferior lat-
eral genicular nerve is rarely targeted.43 The 

Figure 2. (a) Angiogram of the superior lateral genicular artery (white arrows) indicating hyperemia (black 
arrows) in the perfused territory. (b) Angiogram following genicular artery embolization showing the 
resolution of hyperemia in the perfused territory.

Figure 3. Genicular artery embolization procedure with embolization particles injected into the inferior 
medial genicular artery.

a b
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accurate placement of the RFA probe is made 
possible by using fluoroscopic guidance and 
ultrasound imaging.22 Potential candidates 
undergo a diagnostic extra-articular injec-
tion with local anesthetic as a trial to assess 
whether the pain relief in the target area is 
adequate over a course of at least 24 hours. 
If significant pain relief is achieved, RFA may 
be scheduled. In this procedure, electrodes 
are placed using cannulas that are percuta-
neously stationed at the target area. Sensory 
and motor stimulation is performed prior to 
the ablation to ensure proper placement.44 
A diagram of the RFA procedure is shown in 
Figure 4. 

Recent studies have focused on specific 
temperatures for RFA. A prospective ran-
domized controlled study examined the use 
of cooled RFA (60 °C).41 Cooler temperatures 
may change the shape of the ablation zone 
from ellipsoid to spherical, thereby affecting 
a greater area with less risk of thermal injury 
and complications.41,45-48 Chen et al.41 found 
that cooled RFA, when compared with hy-
aluronic acid injections, is effective at pain 
relief, reduction of stiffness, and improve-
ment in physical function as well as global 
outcomes and quality of life at 12 months, 
shown as a 46.2% improvement in the WO-
MAC score. 

Pulsed frequencies are often used instead 
of continuous radiofrequency in RFA. The 
use of a pulsed frequency has less potential 
for nerve injury.49,50 Previous studies of RFA 

have indicated lower pain scores during fol-
low-up when compared with placebo, with 
some studies demonstrating up to a >50% 
decrease in pain scores over a 6-month pe-
riod.35,49 A study by Masala et al.42 in 2014 re-
vealed a significant decrease in pain scores at 
12-month follow-up and improved autono-
my in daily life demonstrated by an improve-
ment in the WOMAC score from a baseline 
of 67 to 21, 20, 23, and 30 at 1, 3, 6, and 12 
months, respectively. A further study that 
combined pulsed RFA with viscosupplemen-
tations noted that knee pain, although low-
er than baseline, returned at the 12-month 
follow-up, suggesting a need for potential 
future reintervention in the case of pain re-
currence.51 

A recent meta-analysis of RFA completed 
by Zhang et al.52 analyzed nine randomized 
controlled trials and included 802 patients. 
Their analysis revealed improvements in 
pain scores at 4, 12, and 24 weeks compared 
with placebo, with a statistically significant 
weighted mean difference between WOMAC 
scores at 12 and 24 weeks of 4.53 and 2.99, 
respectively. Another systematic review of 
33 articles, including 13 randomized con-
trolled trials, revealed a similar alleviation of 
OA pain symptoms, improvements in quality 
of life, and enhanced functionality for up to 
3–12 months following intervention.53 Six of 
these studies had clearly defined significant 
pain improvements with a >50% reduction 
from baseline, which was achieved by 65.5% 

of patients in the RFA group and only 19.3% 
in the control group. This analysis included 
studies using continuous RFA, pulsed RFA, 
and cooled RFA, with benefits seen in all 
three modalities.

The risks of RFA are mostly associated 
with injury to adjacent structures. Compli-
cations include pseudoaneurysm, arterio-
venous fistula development, hemarthrosis, 
and osteonecrosis.52,53 One study from the 
previously mentioned meta-analyses report-
ed the development of pes anserine injury of 
the inferior medial genicular nerve follow-
ing RFA.54 Contraindications of RFA include 
uncontrolled diabetes, bleeding disorders, 
the presence of an implantable defibrilla-
tor or pacemaker, and knee infection.17 The 
large number of studies demonstrating the 
success of RFA suggests that it is a valuable 
minimally invasive treatment option for 
symptomatic OA of the knee. Patients are 
generally satisfied with the procedure and 
note improvements in pain, functionality, 
and quality of life. Studies with larger popu-
lations and longer-term follow-up would be 
useful to evaluate the durability of the symp-
tomatic benefits of RFA as well as the poten-
tial impact on the knee joint. 

Cryoneurolysis

Similar to RFA, cryoneurolysis, or cryo-
therapy, aims to damage the nerve endings 
responsible for the pain experienced in knee 
OA.22 As the name implies, this process is 
completed by using a cooling probe with 
temperatures ranging from −20 °C to −100 
°C. The first reported use of cryoanalgesia was 
in 1963, when Irving S. Cooper used a hollow 
tube filled with liquid nitrogen.55 Marked 
technological advancements have occurred 
since then to further develop the equipment 
and applications of this interventional treat-
ment.56 Cryoneurolysis leads to the Wallerian 
degeneration of nerves, which occurs when 
the distal portion of an injured nerve begins 
to progressively degenerate as both axon and 
myelin are broken down by macrophages.57,58 
This controlled, mild nerve damage allows for 
the complete regeneration and recovery of 
nerve function by preserving the structural 
elements of the nerve.59-61 The cryoablation of 
these nerves leads to the decreased transmis-
sion of pain signals and disruption of the reg-
ulation of the IL-6 and IL-17 cytokine pathway 
observed in the chronic inflammatory state.10 
The infrapatellar branch of the saphenous 
nerve, which innervates the anterior and infe-
rior part of the knee capsule and skin over the 
anteromedial knee, is often targeted for this 
procedure.62 The specific location for innerva-Figure 4. Radiofrequency ablation procedure with ablation to the superomedial genicular nerve.
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tion is determined by transcutaneous nerve 
stimulation in the area of reported pain. The 
cooling probe can then be placed using ultra-
sound guidance prior to the cooling process. 

Data on cryoneurolysis for OA-related 
knee pain is limited. A randomized con-
trolled trial conducted by Radnovich et al.57 
included a total of 180 patients and com-
pared cryoneurolysis to a sham procedure 
in the treatment of knee OA. During this trial 
period, patients discontinued all over-the-
counter medications, herbal medications, 
and other treatments. An improvement in 
WOMAC score of 7.1 points at 1 month and 
4.7 points at 2 months was identified when 
compared to the sham procedure. 

The effectiveness of the procedure seems 
to depend on the proximity of the probe to 
the nerve, size of the probe, rate and dura-
tion of treatment, and temperature.57,62,63 A 
major benefit of cryoneurolysis is its safe-
ty profile and the temporary effect on the 
treated nerve.64,65 The risks of this interven-
tion include damage to the skin, alopecia, 
depigmentation of the skin, and damage to 
surrounding structures.66 Although cryoneu-
rolysis has been used in many other applica-
tions, more studies are needed to assess effi-
cacy, durability, and complications from this 
treatment in patients with knee OA.

In conclusion, the widespread prevalence 
of knee OA as a cause of daily pain and dis-
ability warrants an in-depth investigation 
into novel minimally invasive image-guided 
therapies. Although exercise, physical ther-
apy, oral medications, joint injections, and 
joint replacement are mainstays of treat-
ment, image-guided interventions have 
also entered the treatment landscape. This 
manuscript discusses minimally invasive im-
age-guided interventions in the treatment 
of OA-related knee pain. Genicular artery 
embolization, RFA, and cryoablation have 
strong safety profiles, can be performed on 
an outpatient basis, and have been shown 
to significantly decrease pain scores. GAE 
recently exhibited promising results in de-
creasing pain scores and improving quality of 
life, but current studies have relatively small 
patient samples without randomization. RFA 
has been performed for decades, and recent 
modifications in temperature and pulsatil-
ity of frequency are being used to provide 
positive results. Cryoneurolysis for OA-relat-
ed knee pain has limited data but has been 
shown to provide temporary pain relief with 
limited and minor complications. Although 
these results are certainly promising, further 

studies, specifically additional randomized 
controlled trials with placebo cohorts and 
extended durations of follow-up, are need-
ed to advance our understanding of these 
minimally invasive treatments and establish 
where they fit in the algorithm of OA thera-
pies.
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PURPOSE
To compare the effects of absolute ethanol (ethanol) and N-butyl-cyanoacrylate (NBCA) on non-em-
bolized liver lobe regeneration in a rat model.

METHODS
Twenty-seven Sprague–Dawley rats underwent portal vein embolization (PVE) using ethanol:lipi-
odol, 1:1 (ethanol group, n = 11, 40.74%), NBCA:lipiodol, 1:1 (NBCA group, n = 11, 40.74%), or sham 
treatment (sham group, n = 5, 18.52%). The non-embolized and embolized lobe-to-whole liver 
weight ratios 14 days after PVE were compared among the groups (n = 5, 18.52%). The expressions 
of CD68 and Ki-67 and embolized-lobe necrotic area percentages one day after PVE were compared 
between the ethanol (n = 3, 11.11%) and NBCA (n = 3, 11.11%) groups.

RESULTS
The non-embolized lobe-to-whole liver weight ratio after PVE was significantly higher in the NBCA 
group (n = 5, 33.33%) than in the ethanol group (n = 5, 33.33%) (84.28% ± 1.53% vs. 76.88% ± 4.12%, 
P = 0.029). The embolized lobe-to-whole liver weight ratio after PVE was significantly lower in the 
NBCA group than in the ethanol group (15.72% ± 1.53% vs. 23.12% ± 4.12%, P = 0.029). The propor-
tions of CD68- and Ki-67-positive cells in the non-embolized lobe after PVE were significantly higher 
in the NBCA group (n = 30, 50%) than in the ethanol group (n = 30, 50%) [60 (48–79) vs. 55 (37–70), 
P = 0.003; 1 (0–2) vs. 1 (0–2), P = 0.004]. The embolized-lobe necrotic area percentage after PVE was 
significantly larger in the NBCA group (n = 30, 50%) than in the ethanol group (n = 30, 50%) [29.46 
(12.56–83.90%) vs. 16.34 (3.22–32.0%), P < 0.001]. 

CONCLUSION
PVE with NBCA induced a larger necrotic area in the embolized lobe and promoted greater non-em-
bolized liver lobe regeneration compared with PVE with ethanol.

KEYWORDS
Absolute ethanol, in vivo rat model, liver regeneration, N-butyl-cyanoacrylate, portal vein emboli-
zation

You may cite this article as: Maruyama M, Takaki H, Yamada N, Hirata Y, Yamakado K, Kitagaki H. Liver regeneration after portal vein embolization: comparison 
between absolute ethanol and N-butyl-cyanoacrylate in an in vivo rat model. Diagn Interv Radiol. 2023;29(4):621-627.

Portal vein embolization (PVE) can be performed to induce compensatory hypertrophy of 
the remnant liver, thereby increasing the safety of major hepatectomy.1,2

Different embolic materials, including absolute ethanol, N-butyl-cyanoacrylate 
(NBCA), gelatin sponge, polyvinyl-alcohol particles, tris-acryl microspheres, vascular plugs, 
coils, fibrin glue, and polidocanol foam, have been used in PVE on the basis of previous stud-
ies.3 A recent randomized controlled trial (RCT) revealed that NBCA plus iodized oil induced 
more rapid and robust hypertrophy of the future liver remnant than polyvinyl-alcohol par-
ticles plus coils.4 Compared with the use of NBCA, the use of absolute ethanol by Japanese 
teams led to a larger future liver remnant after PVE.5 Moreover, some systematic reviews have 
shown that absolute ethanol and NBCA induce greater hypertrophy of the future liver rem-
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nant.6-8 However, to date, a head-to-head 
comparison between NBCA and ethanol has 
not been made in an RCT model.

The current study aims to compare the 
effects of absolute ethanol and NBCA, the 
embolic materials used in PVE, on non-em-
bolized lobe regeneration in a rat model.

Methods

Animal model

All applicable National Institutes of Health 
guidelines and/or institutional guidelines for 
the care and use of animals were followed. 
All procedures performed in studies involv-
ing animals were in accordance with the eth-
ical standards of the institution or practice 
at which the studies were conducted (study 
number: 19-033). Moreover, the study was 
conducted according to the Fundamental 
Guidelines for Proper Conduct of Animal Ex-
periments and Related Activities in Academ-
ic Research Institutions in Japan. 

In total, 27 male Sprague–Dawley rats, 
weighing 400–450 g, (Oriental Yeast Co., Ltd., 
Tokyo, Japan) were included in this study. All 
rats were provided with unlimited access to 
food and water before and after the opera-
tive procedure. The rats were divided into the 
sham [5 (18.52%)], ethanol [5 (18.52%)], and 
NBCA [5 (18.52%)] groups. Then, changes in 
liver weight were evaluated. The remaining 
rats [12 (44.44%)] underwent histopatho-
logical analysis (the study flow is shown in  
Figure 1).

Portal vein embolization 

The PVE process is demonstrated in Fig-
ure 2a. Rats were anesthetized via inhalation 

of isoflurane [Isoflurane Inhalation Solution 
(Pfizer)®, Mylan Inc., Tokyo, Japan). Then, 
an anesthetic mixture of 0.15 mg/kg body 
weight (BW) medetomidine (Domitor®, Nip-
pon Zenyaku Kogyo Co., Ltd., Tokyo, Japan), 
2.0 mg/kg BW  midazolam (Dormicum®, As-
tellas Pharma Inc., Tokyo, Japan), and 2.5 mg/
kg BW butorphanol (Vetorphale®, Meiji Seika 
Pharma Co., Ltd., Tokyo, Japan) was adminis-
tered intraperitoneally. 

After performing a midline laparoto-
my, the portal vein branch was exposed. A 
22-gauge intravenous catheter (BD InsyteTM 
AutoguardTM BC®; Nippon Becton Dickinson 
Co., Ltd., Tokyo, Japan) was inserted from 
the portal vein branch (Figure 2a, left im-
age, black arrow). Next, the catheter was 
advanced to the left-main portal branch 
under fluoroscopic guidance (Figure 2a, left 
image, black arrowhead). A 1:1 mixture of 
lipiodol (lipiodol 480 inj. 10 mL®; Guerbet 
Japan K.K., Tokyo, Japan) with either abso-
lute ethanol (anhydrous absolute ethanol; 
Mylan Inc., Tokyo, Japan) [ethanol group, 5 
(18.52%)] or NBCA (Histoacryl®, B. Braun Aes-
culap Japan Co., Ltd., Tokyo, Japan) [NBCA 
group, 5 (18.52%)] was used to embolize 
the left-main portal branch. The ethanol and 
NBCA groups received 0.10 mL of the embol-
ic materials. In the ethanol group, to mimic 
the balloon occluded absolute ethanol in-
jection, a vascular clip (cat. no. AS-1 KN353, 
Natsume Seisakusho, Tokyo, Japan) was used 
to clamp the left-main portal branch for 10 
min during embolization (Figure 2a, mid-
dle image, curved black arrow). Moreover, 

to prevent non-targeted embolization, the 
right-main portal branch was clamped with 
a vascular clip during the administration of 
absolute ethanol and NBCA (Figure 2a, mid-
dle image, curved white arrow). In the sham 
group, the catheter was inserted into the left-
main portal branches. However, PVE was not 
performed. At the end of PVE or the sham 
treatment, the vascular clips were removed, 
and a 4-0 nylon double-layer running suture 
was used to close the abdomen. The PVE was 
performed by an interventional radiologist 
with 11 years of experience.

Liver weight

The rats in the sham, ethanol, and NBCA 
groups were euthanized 14 days after the 
PVE or sham treatment (Figure 1). Then, the 
whole livers were harvested and divided into 
the non-embolized and embolized lobes 
(the left-lateral lobe and left portion of the 
medial lobe). Next, a laboratory microscale 
(AW120, SHIMADZU Co., Ltd., Kyoto, Japan) 
was used to weigh both lobes. In addition, 
the non-embolized or embolized lobe-to-
whole liver weight ratios were calculated, as 
follows:

Non-embolized or embolized lobe-to-
whole liver weight ratio (%) = non-embolized 
or embolized lobe (g) / whole liver weight (g) 
× 100.

Histological examination

The rats in the ethanol [3 (11.11%)] and 
NBCA [3 (11.11%)] groups were euthanized, 

Main points

•	 This study compared the differences in 
non-embolized lobe regeneration after por-
tal vein embolization (PVE) using absolute 
ethanol (ethanol) and N-butyl-cyanoacry-
late (NBCA) in a rat model.

•	 The NBCA group [5 (33.33%)] had a signifi-
cantly higher non-embolized lobe-to-whole 
liver weight ratio than the ethanol group 
[5 (33.33%)] (84.28% ± 1.53% vs. 76.88% ± 
4.12%, P = 0.029). However, the NBCA group 
had a significantly lower embolized lobe-
to-whole liver weight ratio than the ethanol 
group (15.72% ± 1.53% vs. 23.12% ± 4.12%, 
P = 0.029). 

•	 NBCA for PVE induced a larger necrotic area 
in the embolized lobe and promoted great-
er non-embolized lobe regeneration com-
pared with ethanol.

Figure 1. Summary of animal experiments. In total, 27 rats were included in this study. The rats received 
either sham treatment [5 (18.52%)] or PVE using absolute ethanol [5 (18.52%)] or NBCA [5 (18.52%)]. Then, 
14 days after PVE, the liver weights were assessed. Six (22.22%) rats were used to analyze the necrotic 
area and IHC for CD68 and Ki-67 one day after PVE. The remaining six (22.22%) rats were used to evaluate 
portal endothelial injury 3 h after PVE via IHC for CD34. PVE, portal vein embolization; NBCA, N-butyl-2-
cyanoacrylate; IHC, immunohistochemistry.
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and lobe samples were harvested one day 
after each procedure (Figures 1 and 2b). The 
samples were used in the analysis of ne-
crotic areas in the embolized lobe and the 
expression of molecular markers indicating 
non-embolized lobe regeneration (CD68 
and Ki-67). In this study, CD68 and Ki-67 
were used as markers for the proliferation 
of Kupffer and other cells, respectively. The 
rats in the ethanol [3 (11.11%)] and NBCA [3 
(11.11%)] groups were euthanized 3 h after 
embolization (Figure 1) to evaluate portal en-
dothelial damage via CD34 staining. 

The harvested lobe samples were im-
mersed and fixed in 4% formaldehyde and 
paraffin. A microtome was used to cut the 
embedded samples into 5-μm-thick sections, 
and contiguous sections were prepared. One 
section was stained with hematoxylin and 
eosin (H&E) to analyze the necrotic area in 

the embolized lobes. The other contiguous 
sections were used for immunohistochemical 
staining for Ki-67 (diluted at 1:100; ab 16667; 
abcam plc, Cambridge, UK), CD68 (diluted at 
1:100; MCA341GA; Serotec Co., Ltd., Sapporo, 
Japan), and CD34 (diluted at 1:100; AF4117; 
R&D Systems, Inc., Minneapolis, MN, US).

Quantitative analysis of histopathological 
samples

OLYMPUS cellSens standard 1.17 (Olym-
pus Corp., Tokyo, Japan) and ImageJ version 
1.51 (National Institutes of Health, Bethesda, 
MD, US) were used to perform quantitative 
analyses of the histopathological samples. 
An H&E-stained maximum cut surface speci-
men obtained from the embolized lobes was 
used to quantify the necrotic areas in which 
the nucleus disappeared due to ischemia af-
ter PVE. The necrotic areas in the embolized 

lobes were measured manually in 10 visual 
fields (original magnification, 100×). Then, 
the percentage of the necrotic area was cal-
culated. 

The proportions of Ki-67- and CD68-pos-
itive cells in the non-embolized lobes were 
assessed in 10 random visual fields per rat 
at magnifications of 200× and 400×, re-
spectively. The maximum cut surface of the 
non-embolized lobes was used to perform 
the evaluations. To evaluate cell count, Im-
ageJ software was used.

Portal vein endothelial injury in the em-
bolized lobe was evaluated 3 h after PVE. 
Ten CD34-stained specimens per rat were 
used. The specimens were evaluated at a 
100× field of view. Then, the numbers and 
diameters of the portal veins were recorded. 
Desquamation of portal endothelial cells was 
defined as portal vein endothelial injury. The 
percentages of portal veins with endotheli-
al injury were calculated. The analysis of the 
histopathological samples was performed by 
a pathologist with 23 years of experience.

Assessment 

The embolized (or sham treatment) and 
non-embolized lobe-to-whole liver weight 
ratios 14 days after PVE among the sham, eth-
anol, and NBCA groups were compared. The 
percentage of necrotic area in the embolized 
lobes, expressions of CD68 and Ki-67 in the 
non-embolized lobes, and the presence of 
portal endothelium damage were compared 
between the ethanol and NBCA groups. 

Statistical analysis

Descriptive statistics of the data are pre-
sented with n (%). Non-normalized variables 
are shown as the median (min–max), and 
normal distributions are shown as the mean 
± standard deviation. The Shapiro–Wilk test 
was used to assess the normality of data dis-
tribution. If variables were not normally dis-
tributed, the Mann–Whitney U test was used. 
The independent samples t-test was used 
to analyze data with a normal distribution. 
The Welch’s One-Way analysis of variance 
was used for three-group comparisons, and 
then the Games–Howell test was used for a 
post-hoc comparison if there was a statistical 
significance. Pearson’s chi-squared test and 
Fisher’s exact test were used to evaluate the 
percentages of portal veins with endothelial 
injury. All statistical analyses were performed 
in GraphPad Prism 9 (GraphPad Software Inc., 
San Diego, CA, US). A P value of <0.050 was 
considered to be indicative of statistical sig-
nificance.

Figure 2. Portal vein embolization. (a) A 22-gauge intravenous catheter (thick black line) is inserted from 
the portal vein branch (left image, black arrow). Then, the catheter is advanced to the left-main portal 
branch under fluoroscopic guidance (left image, black arrowhead). The left-main portal branch is clamped 
with a vascular clip for 10 min during embolization in the ethanol group to mimic the balloon-occluded 
absolute ethanol injection (middle image, curved black arrow). The right-main portal branch is clamped 
with a vascular clip during the administration of absolute ethanol and NBCA to prevent the non-targeted 
embolization of the RML (middle image, curved white arrow). The PVE of the LLL and LML is performed 
(right image). (b) The liver was harvested one day after PVE using absolute ethanol. The black arrowhead 
shows the LLL, and the asterisk shows the LML. The color of the embolized lobes changed. (c) The livers 
were harvested 14 days after PVE. Atrophy of the embolized lobes (black arrowhead, LLL; asterisk, LML) 
is observed 14 days after PVE. PVE, portal vein embolization; RML, right portion of the medial lobe; NBCA, 
N-butyl-2-cyanoacrylate; LLL, left lateral lobe; LML, left portion of the medial lobe.

b
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Results

Non-embolized lobe and embolized lobe-
to-whole liver weight ratios

The weights of the non-embolized and em-
bolized lobes 14 days after PVE were 9.2 ± 0.8 
and 7.8 ± 0.9 g in the sham group [5 (33.33%)], 
12.0 ± 2.4 and 3.6 ± 0.9 g in the ethanol group 
[5 (33.33%)], and 12.2 ± 0.8 and 2.3 ± 0.3 g in 
the NBCA group [5 (33.33%)], respectively (Ta-
ble 1, Figure 3a). The non-embolized lobe-to-
whole liver weight ratio was significantly high-
er in the NBCA group than in the sham (84.28% 
± 1.53% vs. 54.03% ± 2.64%, P < 0.001) and 
ethanol (84.28% ± 1.53% vs. 76.88% ± 4.12%, 
P = 0.029) groups (Table 1, Figure 3b). By con-
trast, the NBCA group had a significantly lower 
embolized lobe-to-whole liver weight ratio 
than the sham (15.72% ± 1.53% vs. 45.97% ± 
2.64%, P < 0.001) and ethanol (15.72% ± 1.53% 
vs. 23.12% ± 4.12%, P = 0.029) groups (Table 
1, Figure 3b). 

CD68 and Ki-67 positive cells in the non-em-
bolized lobe after PVE

The proportion of CD68-positive cells in 
the non-embolized lobe one day after PVE 
was significantly higher in the NBCA group 
[30 (50%)] than in the ethanol group [30 
(50%)] [60 (48–79) vs. 55 (37–70), P = 0.003] 
(Table 2, Figure 4a). In addition, the propor-
tions of Ki-67-positive cells in the non-em-
bolized lobe were significantly higher in the 
NBCA group than in the ethanol group [1 (0–
2) vs. 1 (0–2), P = 0.004] (Table 2, Figure 4b). 

Percentage of necrotic area in the emboli-
zed lobe

The percentage of necrotic area in the 
embolized lobe one day after PVE was signifi-
cantly larger in the NBCA group [30 (50%)] 
than in the ethanol group [30 (50%)] [29.46 
(12.56–83.90%) vs. 16.34 (3.22–32.0%), P < 
0.001] (Table 2, Figure 5c). 

Figure 4. Proportions of CD68- and Ki-67-positive cells in the non-embolized lobe. (a, b) The proportions of 
CD68- and Ki-67-positive cells/visual field are significantly higher in the NBCA group [30 (50%)] than in the 
ethanol group [30 (50%)] [60 (48–79) vs. 55 (37–70), P = 0.003; 1 (0–2) vs. 1 (0–2), P = 0.004]. The proportions 
of CD68- and Ki-67-positive cells are determined in 10 random visual fields at magnifications of 400× and 
200×, respectively. NBCA, N-butyl-2-cyanoacrylate.

a b

Table 1. Liver weight and weight ratios of non-embolized and embolized lobe-to-whole liver

Sham Ethanol NBCA P value

n (%) 5 (33.33) 5 (33.33) 5 (33.33) Welch’s 
ANOVA Games–Howell test

Liver weight (g) Sham - ethanol Sham - NBCA Ethanol - NBCA

Whole liver, mean ± SD 17.0 ± 1.4 15.6 ± 2.9 14.5 ± 1.0 0.046 0.607 0.031 0.720

Non-embolized lobe, mean ± SD 9.2 ± 0.8 12.0 ± 2.4 12.2 ± 0.8 0.002 0.119 0.001 0.979

Embolized lobe, mean ± SD 7.8 ± 0.9 3.6 ± 0.9 2.3 ± 0.3 <0.001 <0.001 <0.001 0.057

Weight ratio to whole liver (%)

Non-embolized lobe, mean ± SD 54.03 ± 2.64 76.88 ± 4.12 84.28 ± 1.53 <0.001 <0.001 <0.001 0.029

Embolized lobe, mean ± SD 45.97 ± 2.64 23.12 ± 4.12 15.72 ± 1.53 <0.001 <0.001 <0.001 0.029

Ethanol = absolute ethanol; NBCA, N-butyl-2-cyanoacrylate; ANOVA = One-Way analysis of variance; SD, standard deviation.

Figure 3. Liver weight and non-embolized and embolized lobe-to-whole liver weight ratio 14 days after PVE. 
(a) Liver weight 14 days after PVE. There are significant differences in all variables of the liver weight between 
the sham and NBCA groups, and there is a significant difference in the embolized lobe between the sham 
and ethanol groups (Table 1). The bars represent the SEM. (b) Non-embolized and embolized lobe-to-whole 
liver weight ratios. The non-embolized lobe-to-whole liver weight ratio is significantly higher in the NBCA 
group [5 (33.33%)] than in the ethanol group [5 (33.33%)] 14 days after PVE (84.28% ± 1.53% vs. 76.88% ± 
4.12%, P = 0.029, Table 1). The embolized lobe-to-whole liver weight ratio is significantly lower in the NBCA 
group than in the ethanol group 14 days after PVE (15.72% ± 1.53% vs. 23.12% ± 4.12%, P = 0.029, Table 1). 
The bars represent the SEM. PVE, portal vein embolization; NBCA, N-butyl-2-cyanoacrylate; SEM, standard 
error of the mean.

a b
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Portal vein endothelial injury

Desquamation of portal endothelial cells 
was observed 3 h after embolization in the 
ethanol and NBCA groups (Figure 6). The 
percentage of portal veins with endothelial 
injury was significantly higher in the ethanol 
group [30 (32.26%)] than in the NBCA group 
[8 (6.84%)] (P < 0.001) if the portal vein di-
ameter was ≤500 μm (Table 3). The percent-
ages of portal veins with endothelial injury 
were similar between the ethanol and NBCA 
groups if the portal vein diameter was >500 
μm (Table 3) (P = 0.621). In the NBCA group, 
a deposition of NBCA at the portal endothe-
lium was observed in 9 (56.25%) of 16 portal 
veins with diameters >500 μm.

Discussion
The non-embolized lobe-to-whole liver 

weight ratio was significantly higher in the 
NBCA group than in the ethanol group 14 days 
after PVE, which showed that NBCA was more 
effective in promoting non-embolized lobe re-
generation than absolute ethanol. The expres-
sions of CD68- and Ki-67-positive cells in the 
non-embolized lobes were higher in the NBCA 
group than in the ethanol group. Kupffer cells 
and monocyte-derived macrophages, as well 
as CD68-positive cells, have important roles in 
liver regeneration by releasing growth factors, 
including hepatocyte growth factor.9-11 The 
higher proportions of CD68- and Ki-67-posi-
tive cells in the NBCA group might explain the 
greater regenerative response to this embol-
ic material than to absolute ethanol. Howev-
er, the mechanisms by which NBCA for PVE 
promotes non-embolized lobe regeneration 
were not assessed in this study. One possible 
explanation is the difference in the degree of 
liver necrosis between the ethanol and NBCA 
groups. The percentage of necrotic area in the 
embolized lobe one day after PVE was larger 
in the NBCA group than in the ethanol group. 
Moreover, atrophy of the embolized lobe 14 
days after PVE was more severe in the NBCA 
group than in the ethanol group. These differ-
ences might have led to the varying degrees 
of liver regeneration between the ethanol and 
NBCA groups. The weights of the non-embo-
lized lobes 14 days after PVE were actually 
similar between the ethanol and NBCA groups 
(12.0 ± 2.4 vs. 12.2 ± 0.8 g), but the weights of 
the non-embolized lobes 14 days after PVE 
might have been affected by the body weights 
of the ethanol and NBCA groups 14 days after 
PVE (480 ± 40 vs. 464 ± 16 g). 

de Baere et al.3 showed that the rate of 
liver hypertrophy increased if necrosis-in-
duced fibrosis in the embolized lobe was 

Figure 5. Necrosis in the embolized lobe. (a, b) Representative H&E staining of the necrotic area in the 
embolized lobe after PVE using (a) absolute ethanol and (b) NBCA (original magnification, 40×). Both groups 
show a patchy area of lobe necrosis (asterisk). (c) The percentage of the necrotic area in the embolized 
lobe one day after PVE is significantly larger in the NBCA group [30 (50%)] than in the ethanol group 
[30 (50%)] [29.46 (12.56–83.90%) vs. 16.34 (3.22–32.0%), P < 0.001]. The percentage of the necrotic area 
is evaluated by manually measuring the necrotic area in the embolized lobes in 10 random visual fields 
(original magnification, 100×). H&E, hematoxylin and eosin; PVE, portal vein embolization; NBCA, N-butyl-
2-cyanoacrylate.

a b c

Table 2. Proportion of CD68- and Ki-67-positive cells, percentage of necrotic area (%)

Ethanol NBCA P value

n (%) 30 (50) 30 (50)

Proportion of CD68-positive cells/visual field,
median (min–max) 55 (37–70)  60 (48–79) 0.003

Proportion of Ki-67-positive cells/visual field,
median (min–max) 1 (0–2) 1 (0–2) 0.004

Percentage of necrotic area (%), median (min–
max) 16.34 (3.22–32.0) 29.46 (12.56–83.90) <0.001

Ethanol = absolute ethanol; NBCA, N-butyl-2-cyanoacrylate.

Figure 6. Immunohistochemistry for CD34 in the embolized lobe. (a, b) Embolized lobe after PVE using 
absolute ethanol (original magnification: 100×, 400×). (c, d) Embolized lobe after PVE using NBCA (original 
magnification: 100×, 400×). Injured endothelial cells embolized with absolute ethanol and NBCA after PVE 
are indicated (arrow). A thrombus is observed along the inner lumen of the portal vein (dagger). An NBCA 
cast adhesion is noted at the inner lumen of the portal vein (asterisk). PVE, portal vein embolization; NBCA, 
N-butyl-2-cyanoacrylate; P, portal vein; A, hepatic artery; B, bile duct.
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larger. Similarly, Furrer et al.12 revealed that 
the rate of liver hypertrophy increased with 
a larger necrotic area in the embolized or 
ligated lobe. Another possible explanation 
is the difference in the degrees of foreign 
body reaction between ethanol and NBCA. 
In this study, a higher proportion of Kupffer 
cells was observed in the non-embolized 
lobe in the NBCA group. Therefore, a stron-
ger foreign body reaction in the NBCA group 
might promote Kupffer cell recruitment in 
the non-embolized lobe, leading to greater 
liver regeneration.13

Notably, there was a higher incidence of 
endothelial injury after PVE using absolute 
ethanol, particularly in the small (≤500 μm) 
portal vein. However, the NBCA group had 
a larger percentage of necrotic areas in the 
embolized lobe. This discrepancy might be 
attributed to the different mechanisms of 
embolization between absolute ethanol 
and NBCA. Absolute ethanol causes tissue 
necrosis, and thrombus can form second-
ary to stagnant blood flow.14 By contrast, 
NBCA polymerizes and forms a cast in the 
blood vessel.15-18 This cast fills and adheres to 
the inner lumen of the blood vessel, there-
by preventing blood flow and resulting in 
thrombus formation.17 In this study, NBCA 
cast adhesion was observed in nine (56.25%) 
of the large (>500 μm) portal veins. There-
fore, compared with ethanol, NBCA might 
induce thrombus formation in larger portal 
veins and a larger necrotic area.

This study had several limitations. First, 
this was a small-scale animal study. There-
fore, the results cannot be immediately ap-
plied to humans, so further studies involv-
ing a large-scale animal model should be 
performed. Second, because of the lack of 
cross-sectional imaging modalities, such as 
computed tomography and magnetic res-
onance imaging, the actual lobe volume, 
including the non-embolized or embolized 
lobe before PVE, could not be evaluated in 
these small animals. Third, although various 
factors such as cytokine and micro-RNA lev-
els can affect liver regeneration,9,10 they were 
not investigated in this study. Fourth, the 
volume ratio of lipiodol and embolic mate-

rials was fixed at 1:1, and other ratios were 
not evaluated. Despite these limitations, this 
study’s results provide useful information for 
determining the optimal embolic material 
for PVE that can efficiently promote liver re-
generation. 

In conclusion, compared with absolute 
ethanol, NBCA for PVE induced a larger ne-
crotic area in the embolized lobe and pro-
moted greater non-embolized lobe regen-
eration.
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ABSTRACT
Diving thyroid nodules are a limitation of radiofrequency ablation because the mediastinal com-
ponent cannot be adequately identified by ultrasound (US). We aim to describe a new technique, 
the iceberg technique, to overcome this issue and explain our three-year experience of using this 
novel method. The iceberg technique consists of a two-stage treatment. First, the ablation of the 
cervical portion of the nodules (easily visualized during the initial US exam) using trans-isthmic 
access is performed using the moving-shot technique. After three to six months, there is a volumet-
ric reduction of the treated portion, leading to retraction of the thyroid parenchyma. This brings 
the mediastinal component to the cervical region, thereby enabling a perfect visualization by US. 
Then, the second stage of treatment is carried out with complete nodule ablation, and the region 
that was treated first is looked at a second time. From April 2018 to April 2021, nine patients with 
nine benign nodules were submitted for the iceberg technique. No complications occurred during 
the entire follow-up period. The patients displayed normal hormonal levels after the procedures, 
and there was a significant volume reduction of the nodules until three months post-ablation. The 
iceberg technique is an effective and safe option for the radiofrequency treatment of diving goiters.

KEYWORDS
Ablation, goiter, interventional, nodule, thyroid

Thyroid nodules are highly prevalent across the world. Among thyroid nodules, the vast 
majority are benign nodules.1 Among these benign nodules, a significant number may 
cause such symptoms as a volumetric increase, with or without a mediastinal diving 

component; autonomous nodules; esophageal and tracheal compression; and foreign body 
perception.2 Before the advent of thyroid nodules ablation, surgery was the gold-standard 
treatment for symptomatic benign thyroid nodules and malignant nodules. However, this 
treatment is associated with complications, including hypothyroidism, nerve damage, and 
hypocalcemia.3 Regarding this situation, radiofrequency thermal ablation (RFA) emerges as 
a valuable option, allowing minimally invasive treatment and preserving thyroid function in 
selected patients.4 Since thyroid RFA is entirely guided by ultrasound (US), in diving thyroid 
nodules, just the cervical portion (the peak of the iceberg) is visible on the US, and the pres-
ence of a mediastinal immersion component that cannot be identified by the method may 
be a limitation to the safe treatment of these nodules. We describe a new technique, the ice-
berg technique, to overcome this issue and a three-year single-center experience using this 
approach.

Technique

This study was approved by the institutional review board and was in accordance with 
the Helsinki Declaration (ethics committee approval number: 24237019.0.0000.0071). All pa-
tients provided informed consent. From April 2018 to April 2021, 12 euthyroid consecutive 
patients were diagnosed with diving thyroid nodules presenting a mediastinal component. 
Among these, nine patients (six men, three women; mean age: 50.5 years) with nine benign 
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nodules refused surgical treatment and were 
submitted to RFA using the iceberg tech-
nique. A pre-procedural thyroid fine-needle 
aspiration biopsy was routinely performed 
to exclude malignancy. Procedures were per-
formed in a tertiary care hospital under US 
guidance (Logic E9-General Electric Health-
care, Milwaukee, United States) with 12 and 9 
MHz linear transducers. A generator and RFA 
device (Seoul, South Korea, RF Medical) and 
1-cm active tips (power between 40 and 50 
W) dedicated to the thyroid approach were 
used. All ablations were headed by a high-
ly experienced interventional radiologist 
(>15 years in practice) and assisted by one 
interventional radiology fellow. All patients 
were submitted to ablative treatment in a 
supine position with neck extension and 
were placed under local anesthesia with 
programmed stop sedation.4 The iceberg 
technique consisted of a two-stage treat-
ment. Both began with the identification of 
the “danger triangle” zone, which included 
the recurrent laryngeal nerve and the esoph-
agus.5-7 A pre-procedural hydrodissection 
with a 5% glucose solution injection using 
a 22-gauge spinal anesthesia needle (BD 
Medical, New Jersey, United States) was per-
formed in all treatments to provide minimal 
heat exposure to the danger zone (Figure 1). 

During the first stage, the ablation of the cer-
vical portion of the nodules (easily visualized 
during the initial US exam) using trans-isth-
mic access was performed using the mov-
ing-shot technique, from the posterior to the 
anterior portion, without incurring unneces-
sary risks, with good visualization of the area 
by real-time US (Figure 2). Approximately 
three to six months after the first stage, there 
was a volumetric reduction of the treated 
portion, leading to retraction of the thyroid 
parenchyma. This brought the mediastinal 
component (that was previously difficult 
to assess) to the cervical region, enabling a 
perfect visualization by the US. Then, sec-
ond-stage treatment was carried out, with 
complete nodule ablation and a second look 
directed at the region that was first treated 
to obtain the optimal result. Ablation ended 
when all units of the nodule had changed to 
transient hyperechoic zones and the imped-
ance values were high in the whole treated 
tissue (Figure 3). As per local protocol, the pa-
tients were discharged from the hospital 2 h 
following the procedure if no complications 
were noted. An ice pack was routinely ap-
plied to the puncture site at 15-minute inter-
vals to prevent cervical edema and provide 
an anesthetic effect. Oral analgesics were 
prescribed only if the patient complained of 
pain. The follow-up protocol included reg-
ular clinical assessments and USs that were 
performed at 1, 3, 6, and 12 months after the 
procedure. All exams were evaluated by the 
same interventional radiology team that per-
formed the ablations. No complications were 
observed during the procedure time or the 
entire follow-up period. Normal hormonal 
levels after the procedures were observed in 
all patients with normal thyroid function. The 

nodules’ volumes were evaluated through-
out different moments of US imaging. The 
mean and standard deviation were assessed 
and compared using the generalized estima-
tion equations model, followed by the mul-
tiple comparison method of Bonferroni to 
assess each group and the moments when 
the differences occurred.

Statistical analysis

Statistical analyses were performed by 
a biomedical statistician using SPSS soft-
ware version 22.0 (IBM, Armonk, NY, United 
States), and the statistical significance was 
assumed at the 5% level (Tables 1, 2).

Discussion
The iceberg technique was an effective 

and safe option for the radiofrequency treat-
ment of diving goiters, especially those who 
were initially ineligible due to the volumi-
nous mediastinal component. It showed no 
complications and enabled thyroid function 
preservation, even in anatomically challeng-
ing cases. 

As in cases of ablation performed only in a 
single step, when the iceberg technique was 
selected for the approach of large goiters, we 
had early hospital discharge, which was ap-
proximately 2 h after the procedure, as well 
as an early return to usual activities, after the 
first session and the second and last sessions. 
Furthermore, it could be performed under 
sedation anesthesia in all cases, which is an 
important advantage compared with surgi-
cal resection that usually demands general 
anesthesia.

Main points

•	 The iceberg technique is an effective and 
safe option for the radiofrequency treat-
ment of diving goiters.

•	 Significant nodule volume reduction oc-
curred until the third month. 

•	 The main limitation of this technique 
was that it took a long time (at least three 
months).

Figure 1. (a) Danger triangle zone: a space between thyroid parenchyma, trachea, and laryngeous recurrent nerve. This area must be protected from heat. 
Hydrodissection is an excellent option to protect these structures. (b) Pre-procedural hydrodissection with a 5% glucose solution. We got a protection layer of 0.7 
cm (white arrow), allowing a larger area ablative zone with greater protection.

a b
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Table 1. The nodules’ volumes throughout different moments of ultrasound imaging

Time Mean volume (cm3) SD Median (range) n P

Pre-ablation 50.62 25.81 40 (21–92.5) 9 <0.001

1 month 33.23 17.92 30.25 (7.8–57) 6

3 months 24.63 15.11 21.3 (4–41.3) 5

6 months 19.95 12.25 17.2 (2.3–32.93) 5

12 months 20.2 - 20.2 (20.2) 1

n, number of nodules; SD, standard deviation.

Table 2. The nodules’ volume reduction comparison between different moments of ultrasound imaging

Comparison MD SD CI (95%) P

Pre-ablation vs. 1 month 29.63 2.23 23.37–35.88 <0.001

1 month vs. 3 months 9.40 2.34 2.83–15.97 0.001

3 months vs. 6 months 4.11 2.59 -3.15–11.37 >0.999

6 months vs. 12 months 12.04 5.44 -3.22–27.30 0.268

SD, standard deviation; CI, confidence interval; MD, mean difference.

Figure 3. (a) Second thyroid color Doppler ultrasound assessment showing retraction of the mediastinal nodule’s component (now well visualized) to the cervical 
region. Color Doppler US demonstrates the clear difference between the previously ablated zone (with no color flow and heterogeneous and hypoechogenic) and 
the residual portion (with color flow and isoechogenic). (b) Follow-up images demonstrate a 90% volume reduction after two ablative sessions. 

a b

Figure 2. (a) Initial thyroid ultrasound assessment showing a diving thyroid nodule with its mediastinal component, the brachiocephalic trunk, and the left common 
carotid artery. (b) First stage ablation of the nodule’s cervical portion. The white arrow shows the radiofrequency probe.

a b
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Our results also showed significant nodule 
volume reduction until the third month. This 
is especially important for the counseling of 
patients as they plan for the second ablation 
stage involved in the iceberg technique be-
cause this reduction is intimately associated 
with the migration of the mediastinal to the 
cervical region.

Therefore, we could infer that the ideal 
time to perform the second ablation was 
three months following the first procedure, 
aiming for the maximum retraction and, 
consequently, the best visualization during 
the US assessment and the optimal ablation 
zone. 

The main limitation of this study was its 
small sample size (only nine patients). The 
main disadvantage of this technique is that 
it took a long time (at least three months). 
Despite this, we observed a significant im-
provement in symptoms, even after the first 
session. The second step was beneficial to 
obtain an optimal result, which was expect-
ed to be 90% after 12 months following the 
completed treatment. 

Additionally, it required interventional 
radiologists with expertise in ablative meth-
ods and US imaging skills to avoid possible 

serious complications, such as recurrent 
laryngeal nerve damage, skin burn, esoph-
agus perforation, or Claude Bernard Horner 
syndrome. It is also important to mention 
the hole of hydrodissection to prevent com-
plications; in this study, all cases underwent 
previous hydrodissection. 

Finally, this new technique should be con-
sidered as a valuable alternative for patients 
with thyroid nodules with a huge mediasti-
nal component.
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ABSTRACT
The technique of percutaneous thrombin injection (PTI) under contrast-enhanced ultrasound 
(CEUS) guidance for control of acute hemorrhage-active extravasation not associated with pseu-
doaneurysm is demonstrated in three cases: 1) Massive spontaneous retroperitoneal hematoma 
in a patient with multiple comorbidities. Contrast-enhanced computed tomography (CT) showed 
extensive active extravasation, which was only partially controlled by transarterial embolization. 
CEUS was performed in the angiography suite. Contrary to unenhanced US and colour Doppler 
US (CDUS), CEUS confirmed persistent extravasation; CEUS-guided PTI was performed immediately 
thereafter. 2) Large rectus sheath hematoma in a patient on anticoagulant therapy. Contrast-en-
hanced CT and unenhanced US/CD could not definitely diagnose extravasation. CEUS clearly 
showed extravasation and was used for guidance of PTI. 3) Chest wall hematoma complicating 
central venous catheter placement in a patient with coronavirus on anticoagulant therapy. CDUS 
was inconclusive. CEUS was performed at the bedside, clearly showed active extravasation, and 
was used for guidance of PTI. In all three cases, post-PTI CEUS confirmed the absence of residual 
enhancement of the hematomas, and the hemodynamic status of the patients improved. PTI ap-
pears to be effective in selected cases of hematomas associated with active extravasation. In this 
context, CEUS may be the most suitable modality for guidance and for an immediate evaluation of 
the treatment effect.

KEYWORDS
Percutaneous thrombin injection, contrast-enhanced ultrasound, hematoma, active extravasation

Ultrasound (US)-guided percutaneous thrombin injection (PTI) has been used for the 
treatment of small aneurysms or pseudoaneurysms in several anatomical locations for 
more than 25 years;1,2 however, application of PTI for the treatment of active extrava-

sation not associated with pseudoaneurysm is very limited. Additionally, in these cases, local-
ization of the source of bleeding with unenhanced US or colour Doppler US (CDUS) may often 
be impossible; this may be due to the relatively slow flow or unfavorable location, size, and 
morphology of extravasation. In this respect, contrast-enhanced US (CEUS) may be superior 
to the unenhanced US techniques3 and could replace them as a guiding tool for selected 
cases of PTI.

CEUS exploits the properties of ultrasound contrast agents (UCAs), which are suspensions 
of microbubbles composed of an inert fluorinated gas core encapsulated by a phospholipid 
shell.4 When insonated at low acoustic power (low mechanical index), microbubbles undergo 
non-linear oscillation and produce harmonic signals that can be selectively detected and sep-
arated from most background tissue signals. Thanks to the appropriate size of the microbub-
bles (1–5 μm), UCAs are true blood pool agents and do not diffuse in the extravascular space. 
With modern CEUS techniques, both intravascular circulation (lasting several minutes) and 
extravasation of the UCA (after vascular injury) can be detected in real time, with extremely 
high sensitivity.3,4
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This report demonstrates the technique 
of PTI under CEUS guidance for the control 
of acute hemorrhage associated with active 
extravasation in the absence of an aneurysm 
or pseudoaneurysm.

Technique

Case 1

A 70-year-old male, who was a patient 
in intensive care, developed sudden tachy-
cardia and a drop in blood pressure. Con-
trast-enhanced computed tomography (CT) 
revealed a massive right retroperitoneal he-
matoma with multiple foci of active extrava-
sation (Figure 1a).

The patient was transferred to the inter-
ventional radiology suite. Emergency digi-
tal subtraction angiography showed active 
extravasation from a right lumbar artery, 
which was successfully embolized with mi-
crospheres (Embozene 900, Varian) followed 
by gelfoam slurry. Unenhanced US and 
CDUS were performed on site, immediately 
post-embolization, with a portable US unit 
and a convex, 2–5 MHz probe (M8 Mindray, 
Shenzhen, China). These techniques failed 
to detect persistent extravasation. CEUS was 
then performed with the same equipment; 
the CEUS required a bolus intravenous injec-
tion of 1.5 mL of echo-enhancer (stabilized 
microbubbles of sulfur hexafluoride, “Son-
oVue”; Bracco, Milan, Italy) followed by 5 mL 
of normal saline. A contrast-specific, low MI 
(0.06–0.07) algorithm was applied. CEUS re-
vealed two areas of persistent pooling of the 
echo-enhancer at the central part of the he-
matoma, fed by a single, T-shaped source of 
active extravasation (Figure 1b). Additional 
attempts were made to angiographically lo-
cate the source of bleeding, with catheteriza-

tion of other arteries (right lumbar, iliolum-
bar, and ascending branches from the right 
superior gluteal artery), but they were fruit-
less. Additionally, this part of the interven-
tion required a change of four angiographic 
catheters, 30 min of fluoroscopy time, 76 min 
of operation time, and 250 mL of intravenous 
iodine contrast agent. The patient showed 
no hemodynamic improvement. Taking into 
account the indicative CEUS findings and the 
projected safe route for a percutaneous ap-
proach, it was decided to attempt control of 
the hemorrhage with PTI under CEUS guid-
ance.

The patient remained on the angiogra-
phy table. His right flank was prepared and 
draped in sterile fashion, and a sterile cover 
was placed on the convex US probe. CEUS 
was repeated (using the same protocol as 
before). A transverse section through the 
hematoma (clearly showing the most prom-
inent part of the persistent extravasation) 
was selected. An entry point, just above the 
upper border of the probe, to facilitate an 
in-plane needle approach, was identified. 
A 20 cm long, 22 gauge Chiba needle was 
percutaneously advanced under continu-
ous US/CEUS imaging (“dual screen” display 
mode) into the deepest part of the pre-
sumed source of the extravasation. Despite 
the deep location of the target (10 cm from 
the skin with an 11.5 cm-long trajectory of 
the needle), it could be reached with the first 
attempt. A total of 1,500 international units 
(IU) of human thrombin (approximately 3/4 
of the content of the thrombin vial included 
in the “Surgiflo” kit; Ethicon Inc., Somerville, 
New Jersey, USA) were injected during slow 
withdrawal of the needle for 1.5 cm (Figure 
1c, Supplementary Video 1). Immediate ces-
sation of extravasation was noticed on CEUS. 
The needle was left in place for 2 min; it was 
then carefully removed, with slow injection 
into the hematoma of an additional 500 IU of 
thrombin during needle withdrawal.

Case 2

A 75-year-old man on oral anticoagulants 
presented with a large painful swelling of 
the right upper abdominal quadrant (after 
moderate physical effort) and severely de-
regulated blood coagulation (international 
normalized ratio: 7.2). Contrast-enhanced 
CT revealed a large right rectus sheath he-
matoma but could not definitely diagnose 
extravasation (Figure 2a). Unenhanced US 
and CDUS also failed to accurately locate the 
source of bleeding. However, CEUS (using 
the same protocol and equipment as in case 
1) clearly showed two areas of pooling of the 

echo enhancer in the superficial part of the 
hematoma. After an unsuccessful attempt to 
control the hemorrhage by direct pressure 
with the transducer, PTI was performed un-
der CEUS guidance. The larger area was trian-
gular, with contrast emerging from its most 
proximal (superficial) edge and extending 
deeper. The proximal edge was targeted and 
PTI was performed (1,000 IU) with immediate 
cessation of hemorrhage (Figure 2b, c). The 
smaller area was a round spot, which was tar-
geted at its center and treated successfully 
with a smaller thrombin dose (500 IU).

Case 3

A 76-year-old female patient with a histo-
ry of atrial fibrillation on oral anticoagulants 

Main points

•	 Percutaneous thrombin injection (PTI) can 
be an effective treatment for selected cases 
of active extravasation not associated with 
aneurysms or pseudoaneurysms.

•	 Contrast-enhanced ultrasound (CEUS) is 
a valuable guiding tool for PTI, when the 
source of hemorrhage cannot be identified 
with unenhanced US/colour Doppler US.

•	 With appropriate portable equipment, 
CEUS-guided PTI can be performed at the 
bedside and in the angiography suite, in 
combination with endovascular procedures.

•	 Availability of CEUS in the angiography 
suite and familiarization with this technique 
could improve the outcome of complex 
emergency interventional radiology proce-
dures.

Figure 1. (a-c) Case 1. Axial section of contrast-
enhanced CT (arterial phase) pre-intervention: (a) 
shows the large right retroperitoneal hematoma 
and one of the sites of extravasation (arrow). 
Sonographic “dual screen” image (unenhanced, 
reference, gray-scale image on the right; CEUS 
image on the left) immediately post-transarterial 
embolization; (b) shows a persistent jet of active 
extravasation (arrow); a close correlation with 
the CT image is noted. Sonographic image (same 
configuration as previous image) during PTI; (c) 
shows the Chiba needle, which has reached the 
proximal part of extravasation, and thrombin 
injection as linear and punctate echogenicities 
(arrow). CT, computed tomography; CEUS, contrast-
enhanced ultrasound; PTI, percutaneous thrombin 
injection.
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and with coronavirus involving the lungs had 
a large right chest wall hematoma, which 
complicated central venous catheter place-
ment. Standard US was performed at the 
bedside and confirmed the lesion, but CDUS 
failed to definitely diagnose extravasation. 
CEUS (also performed at the bedside, using 
the same protocol and equipment as in the 
previous cases) clearly showed an ovoid spot 
of active extravasation. After an unsuccessful 
attempt to control the hemorrhage by direct 
pressure with the transducer, PTI (1,000 IU) 
was performed under CEUS guidance, tar-
geting the center of the lesion.

In all three cases, the hemodynamic sta-
tus and hematocrit levels of the patients 
improved after PTI, and follow-up with CEUS 

one to two days post PTI showed no recur-
rence of the extravasation. No complications 
related to PTI were encountered. The patient 
from Case 1 succumbed to multi-organ fail-
ure three days post-PTI, while the other two 
patients had uneventful recoveries. Addition-
al data for the presented cases are provided 
in Table 1 and in the Supplementary File.

Discussion
As is shown in this report, management 

of active extravasation with PTI may be more 
challenging than PTI of pseudoaneurysms, 
since the former may not be detectable with 
unenhanced US/CDUS techniques. This em-
phasizes the role of CEUS, which often is the 
only sonographic modality that can accu-
rately locate active extravasation and subse-
quently guide PTI. In an earlier work on CEUS 
for active abdominal bleeding,5 two main 
patterns of leakage of the echo-enhancer 
were distinguished: the first was a round or 
oval spot of pooling of the echo-enhancer, 
and the second a fountain-like hyperechoic 
jet. The latter was associated with more se-
vere hemorrhage and is very similar to the 
pattern that prevailed in the first two cases 
presented in this study. To control this type of 
extravasation, it was empirically decided to 
target the most proximal part of the detect-
able leakage to block the source of extrav-
asation more effectively. This is at variance 
with a previously reported application of PTI 
for extravasation post-renal biopsy, where 
the injection was performed with the needle 
tip placed 2 mm superficial to the origin of 
the arterial jet.6 Nevertheless, the maneu-
ver presented herein proved effective, with 
complete and immediate cessation of UCA 
leakage and with no need to cover the entire 
area of extravasation. In addition, there were 

no complications. We speculate that, even if 
this approach to the source of extravasation 
eventually resulted in intravascular injection 
of thrombin, it would only occlude minor 
muscular branches with no clinical conse-
quences. Contrary to the first two cases, the 
ovoid area of extravasation in the third case 
resembled the first of the aforementioned 
patterns (“pooling” instead of “fountain”) and 
was associated with less dramatic hemor-
rhage. A proximal, narrow source of extrav-
asation could not be clearly identified in this 
case. It was therefore preferred to target the 
center of the “pool” and fill it with thrombin.

The availability and portability of CEUS 
greatly facilitates application of PTI in the 
emergency setting and in combined inter-
ventional radiology (IR) procedures. If CEUS 
had not been available during the interven-
tion for case 1 and after the inconclusive 
angiograms, the search for persistent hem-
orrhage would have required the application 
of cone-beam CT (CBCT) after bolus intrave-
nous (and perhaps even intra-arterial) iodine 
contrast injection. Compared to CEUS, CBCT 
is much more cumbersome, time consum-
ing, and difficult to perform in critically ill 
patients who are connected to tubes, vascu-
lar lines, and monitoring equipment. In case 
3, CEUS enabled the operator to control the 
hemorrhage at the bedside, immediately af-
ter diagnosis and with no patient transfer. An 
additional advantage of US/CEUS as guiding 
tools for PTI is that they are free from metal 
artifacts, which appear on CT/CBCT during 
needle placement. These artifacts may ob-
scure contrast extravasation and interfere 
with targeting.

In the first case in this report, the deep lo-
cation of extravasation represented an addi-
tional challenge. It should be recognized that 

Figure 2. (a-c) Case 2. Axial section of contrast-
enhanced CT (arterial phase) pre-intervention: (a) 
shows the right rectus sheath hematoma. No signs 
of active extravasation. Sonographic “dual screen” 
image (unenhanced, reference, gray-scale image on 
the right; CEUS image on the left) pre-intervention; 
(b) shows clearly a triangular-shaped extravasation 
(arrow). Sonographic image (same configuration 
as previous image) during PTI; (c) shows the Chiba 
needle, which has reached the proximal part of 
extravasation, and thrombin injection as linear and 
punctate echogenicities (arrow). CT, computed 
tomography; CEUS, contrast-enhanced ultrasound; 
PTI, percutaneous thrombin injection.

Table 1. Additional data for the presented cases (n = 3)

Case Hematoma size 
(mm)

Comorbidities/
predisposing 
factors

Ht prior 
to PTI

Shape of 
dominant 
extravasation

Additional 
treatments

Ht 2 days 
post PTI

1 158 × 88 × 201

Sepsis possible 
vasculitis 
(investigation 
incomplete)

15 T-shaped/
fountain-like

Embolization 
blood 
transfusions

22.5

2 114 × 89 × 204 Cardiac surgery 
acenocoumarol 12.3 Triangular/

fountain-like

Blood 
transfusions 
FFP 
transfusions 
direct 
pressure

22.3

3 92 × 43 × 47 Atrial fibrillation 
rivaroxaban 18.4 Teardrop-/

pool-shaped

Direct 
pressure 
blood 
transfusions

23.4

Ht, hematocrit; PTI, percutaneous thrombin injection; FFP, fresh frozen plasma.
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CEUS guidance is more complex than unen-
hanced US guidance. Good coordination 
with the injection of the echo-enhancer and 
some degree of expertise are therefore re-
quired to perform CEUS-guided PTI of deeply 
seated extravasations. It should also be em-
phasized that CEUS-guided PTI for control of 
active extravasation has not been tested in 
large-scale, prospective studies and that its 
long-term efficacy is not known. Therefore, 
the approach presented herein should be 
considered as a rescue technique that should 
be performed only if embolization (a well-es-
tablished endovascular treatment for control 
of hemorrhage) is not feasible.

In conclusion, CEUS-guided PTI appears 
to be a promising alternative to more com-
plex procedures for the treatment of selected 
cases of active extravasation, even when this 
extravasation is not associated with pseudo-
aneurysms and is undetectable with unen-
hanced sonographic techniques.
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Coronal maximum intensity projection of contrast-enhanced computed tomography pre-intervention, 
shows the large right retroperitoneal hematoma and multiple foci of extravasation. 

(a) Digital subtraction angiography (DSA) at baseline shows active extravasation from a right superior 
lumbar artery. (b) DSA post embolization shows complete occlusion of this artery.

Supplementary images for case 1
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Sonographic image (unenhanced, reference gray-scale image on the right, CEUS image on the left) 
immediately post percutaneous thrombin injection shows no enhancement of the hematoma and newly 
appearing echogenic thrombotic material (arrows).

Sonographic images (unenhanced, reference gray-scale image on the right, contrast-enhanced ultrasound 
image on the left) before (a) and immediately post PTI (b).

Supplementary images for case 3
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ABSTRACT
Most inferior vena cava (IVC) filters are designed for retrieval from a superior approach. Retriev-
al becomes technically challenging when the central veins in the chest are occluded. In a patient 
with thrombosis of the bilateral brachiocephalic veins, the authors describe direct puncture of the 
superior vena cava (SVC) under fluoroscopy, followed by the successful retrieval of a fractured IVC 
filter using forceps. A snare inserted into the SVC via the common femoral vein was used as a radi-
opaque target for direct SVC puncture from the lower neck. Cone beam computed tomography and 
pullback tractography were used to confirm a safe access trajectory. Thus, direct SVC access may be 
used for filter retrieval in similar clinical scenarios.

KEYWORDS
Advanced filter retrieval, deep vein thrombosis, filter, inferior vena cava, inferior vena cava filter, IVC 
filter retrieval, superior vena cava

An inferior vena cava (IVC) filter is typically retrieved via internal jugular (IJ) venous 
access. Subclavian venous access can be used when the IJ veins are occluded. Filter 
retrieval becomes technically challenging when both the IJ and subclavian veins are 

occluded. The authors describe direct superior vena cava (SVC) puncture to obtain access for 
IVC filter retrieval. Institutional review board approval is not required for case reports at the 
author’s institution.

A 38-year-old woman with systemic lupus erythematosus-induced renal failure who had 
undergone a kidney transplant was admitted with coronavirus disease-induced respiratory 
failure and found to have an IVC filter (Recovery G2, Bard, New Providence, USA), which had 
been placed approximately 20 years prior. The filter, positioned within the hepatic IVC, had 
tilted and fractured (Figure 1a). It was decided to retrieve the IVC filter, given the concern 
about its migration into the heart. Of note, the patient had bilateral brachiocephalic vein oc-
clusions and a persistent left SVC.

Technique
Intravascular ultrasound was performed via right common femoral venous (CFV) access, 

confirming the wide patency of the IVC and SVC to the level of the azygous inflow. Attempts 
to traverse the occluded upper extremity veins were unsuccessful. Similarly, the SVC could 
not be accessed via the collateral veins in the neck. Consequently, a 10-mm gooseneck snare 
(Medtronic, Dublin, Ireland) was deployed from the CFV access into the cranial-most aspect 
of the SVC. A 21-Gauge, 15-cm Chiba needle was inserted from a supraclavicular approach 
into the right neck under fluoroscopic guidance, targeting this snare, and the needle was 
successfully advanced through the snare loop. A 0.018 inch angled Glidewire (Terumo, Som-
erset, USA) was inserted through this Chiba needle, snared, and pulled through the femoral 
access (Figure 1b). Cone beam computed tomography (CBCT) was then performed, showing 
the initial puncture to be trans-pleural; this process was then repeated via a more medial 
approach (Figure 1c, d). Pullback tractography was also performed, ensuring the absence of 
arterial transgression. The cervical access site was then upsized using a 3–5 Fr transitional dila-
tor, and a 16-Fr, 30-cm sheath was introduced. Through this, the filter and fractured fragment 
were retrieved using rigid endobronchial forceps (Figure 2a). Post-retrieval digital subtraction 
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venography demonstrated no abnormality 
(Figure 2b), so the sheath was removed, and 
hemostasis was obtained with manual com-
pression.

Discussion
Most retrievable IVC filters are designed 

to be retrieved via a superior approach. Oc-
clusion of the neck and/or the central veins in 
the chest makes IVC filter retrieval technically 
challenging. A recent study described exter-
nal jugular venous access as a feasible alter-
native to IJ venous access.1 However, since 
this patient had occluded brachiocephalic 
veins, it was not surprising that SVC could not 
be accessed via the smaller neck veins, includ-
ing the collateral veins in the neck. Two cases 
have been reported in which percutaneous 
transhepatic access was obtained, and the IVC 
was accessed via the hepatic veins.2,3 This ap-
proach may pose a higher bleeding risk and 
risk of injury to the liver. Advanced maneu-
vers for filter retrieval, such as the loop-snare 
technique, could be more challenging given 
the acute angulation in such cases. Similarly, 
retrieval via rigid forceps would be impos-
sible. Hence, transhepatic access was not a 
suitable option in this case, as the filter had 
been placed 20 years ago and was fractured, 

necessitating its removal via forceps. Filter re-
trieval via femoral venous access would have 
necessitated inverting the filter. This was con-
sidered unsafe, as the filter was fractured and 
likely to be fragile, thus posing a high risk of 
filter fragment migration to the heart while 
attempting this maneuver. Snaring the guide-
wires out through the femoral access may 
have eased the process of tract dilation. The 
potential risks of direct SVC puncture include 
transgression of the pleura and/or lungs with 
associated complications, inadvertent punc-
ture of the arteries within the thorax with the 
potential difficulty in achieving hemostasis, 
and transgression of a high pericardial inser-
tion. These risks were mitigated with a thinner 
21 Gauge needle for the initial access, CBCT 
to provide direct visualization of the needle 
trajectory, and pullback tractography. Thus, 
direct SVC access may be safely used for filter 
retrieval in similar clinical scenarios.
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Main points

•	 Most inferior vena cava (IVC) filters are de-
signed to be retrieved via a superior ap-
proach.

•	 Retrieval becomes technically challenging 
when bilateral jugular and subclavian or bi-
lateral brachiocephalic veins are occluded.

•	 In this technical modification, the authors 
describe direct puncture of the superior 
vena cava to obtain central venous access 
and successfully retrieve a longstanding, 
fractured IVC filter.

Figure 2. (a) Fluoroscopic image demonstrating filter retrieval. (b) Post-retrieval digital subtraction venogram 
confirming the absence of complication.

Figure 1. (a) Coronal non-contrast computed tomography showing the filter position within the hepatic inferior vena cava. (b) Fluoroscopic image demonstrating 
the initial needle pass (arrow) and snared wire (arrowhead). The left internal jugular central line (brace) is incidentally seen. (c) Fluoroscopic image showing the 
second, more medial approach (arrow). The wire from the initial puncture remains in place (arrowhead). (d) Axial cone beam computed tomography demonstrating 
the positions of the first (arrow) and second (arrowhead) passes.
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Can expiratory or inspiratory contrast-enhanced computed 
tomography be more efficient for fast-track cannulation of the right 
adrenal vein in adrenal venous sampling?
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PURPOSE
This study compares the usefulness of expiratory arterial phase (EAP)–contrast-enhanced comput-
ed tomography (CT) (CECT) with that of inspiratory arterial phase (IAP)–CECT in adrenal venous 
sampling (AVS).

METHODS
Sixty-four patients who underwent AVS and CECT at the authors’ hospital between April 2013 and 
June 2019 were included in this study. The patients were classified into the following two groups: 
EAP (32 patients) and IAP (32 patients) groups. The single arterial phase images were obtained at 
40 seconds in the IAP group. The double arterial phase images were obtained at 40 seconds in the 
early arterial phase and 55 seconds in the late arterial phase in the EAP group. The authors then 
compared the right adrenal vein (RAV) visualization rate on the CECT, the difference between the 
CECT images and adrenal venograms in the localization of the RAV orifice, the cannulation time to 
the RAV, and the volume of contrast agent administered intraoperatively between the two groups.

RESULTS
The rates of the RAV visualization in the EAP group were 84.4% in the early arterial phase, 93.8% 
in the late arterial phase, and 100% in the combined early and late arterial phases. The rate of the 
RAV visualization in the IAP group was 96.9%. There was no significant difference between the two 
groups in terms of the rate of the RAV visualization. However, there was a small difference in the 
location of the RAV orifice between the CECT images and adrenal venograms in the EAP group as 
compared with the IAP group (P < 0.001). The median time to the RAV catheterization was signifi-
cantly shorter in the EAP group (27.5 minutes) than in the IAP group (35.5 minutes; P = 0.035). The 
rates of the RAV visualization in the EAP group were not significant between the early arterial phase, 
late arterial phase, and combined early and late arterial phases (P = 0.066). However, the mean vol-
ume CT dose index in the combined early and late arterial phases was significantly higher than in 
the early and late arterial phases (P < 0.001).

CONCLUSION
The EAP–CECT is more useful for increasing the speed of the RAV cannulation due to the small dif-
ference in the localization of the RAV orifice compared to IAP–CECT. However, since EAP–CECT has 
double contrast arterial phases and increased radiation exposure compared to IAP–CECT, only the 
late arterial phase may be acceptable to reduce radiation exposure.
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You may cite this article as: Tsukahara Y, Todoroki K, Suzuki T, Yamada A, Kurozumi M, Fujinaga Y. Can expiratory or inspiratory contrast-enhanced computed 
tomography be more efficient for fast-track cannulation of the right adrenal vein in adrenal venous sampling? Diagn Interv Radiol. 2023;29(4):640-646.

Epub: 16.05.2023

Publication date: 21.07.2023  

DOI: 10.4274/dir.2023.222045

From the Department of Radiology (Y.T.  tsukahara@
shinshu-u.ac.jp, K.T., A.Y., M.K., Y.F.), Shinshu University 
School of Medicine, Matsumoto, Japan; Department of 
Radiology (T.S.), Nagano Municipal Hospital, Nagano, 
Japan. 

Received 08 December 2022; revision requested 26 
January 2023; last revision received 15 March 2023; 
accepted 18 April 2023

Diagn Interv Radiol 2023; DOI: 10.4274/dir.2023.222045

https://orcid.org/0000-0002-1602-2728
https://orcid.org/0000-0002-2030-4883
https://orcid.org/0000-0002-3752-257X
https://orcid.org/0000-0002-3040-0625
https://orcid.org/0000-0002-4199-203X
https://orcid.org/0000-0002-5884-2281


 

Usefulness of expiratory contrast-enhanced computed tomography in adrenal venous sampling • 641

The characteristic features of primary al-
dosteronism (PA) are hypertension and 
hypokalemia.1,2 PA is diagnosed in be-

tween 5% and 20% of patients with refracto-
ry hypertension.2-4 Compared with essential 
hypertension, PA significantly increases the 
risk of cardiovascular complications, cere-
brovascular disorders, and renal damage.4,5 
The treatment for PA is laparoscopic adrenal-
ectomy for patients with unilateral disease, 
whereas patients with bilateral disease are 
treated medically with mineralocorticoid 
receptor antagonists.6 Therefore, the iden-
tification of PA lateralization is required to 
determine the treatment strategy. Adrenal 
venous sampling (AVS) is recommended for 
distinguishing unilateral from bilateral PA.7 
In a large multicenter AVS registry study con-
ducted recently,8 bilateral cannulation was 
successful in 80.1% of the procedures. AVS is 
a relatively difficult procedure, and it is espe-
cially difficult to cannulate the right adrenal 
vein (RAV) due to its small size, variable anat-
omy, and the effects of the patient’s respirato-
ry motion during cannulation. Dynamic con-
trast-enhanced computed tomography (CT) 
(CECT) before AVS is useful for increasing the 
success rate of AVS.9 Dynamic CECT has long 
been used to differentiate adrenal tumors.10 
Matsuura et al.11 reported that the RAV visu-
alization rate was 76% using CECT. However, 
recent studies have reported improvements 
in the visualization rate of the RAV, which is 
challenging to cannulate, on multiple-phase 
dynamic CECT (>90%).12-15 Many of those re-
ports obtained CECT images with the patient 
in the expiratory position.9,12,15 However, sev-
eral reports have also focused on the inspira-
tory position,11,16,17 and little is known about 
the optimal breath-holding position during 
dynamic CECT in AVS. Therefore, the purpose 
of this study is to evaluate the advantage of 
the expiratory arterial phase (EAP)–CECT (at 
40 and 55 seconds, respectively, after con-
trast media injection) compared with the 
inspiratory arterial phase (IAP)–CECT (at 40 
seconds after contrast media injection) in 
AVS.

Methods

Patients

The Shinshu University Certified Review 
Board of Clinical Research approved this 
retrospective study, and informed consent 
was waived (Internal Review Board approval 
number: 5087).

The authors reviewed the medical records 
at the authors’ hospital and selected 95 con-
secutive patients diagnosed with PA who un-
derwent AVS between April 2013 and June 
2019. Patients who did not undergo CECT at 
the hospital (n = 11), those who used con-
trast agents other than those containing 370 
mgI/Ml (n = 19) of Iopamiron, and those who 
had inferior left vena cava visualization (n = 
1) were excluded from the study. Of the 19 
patients who had contrast agents other than 
those containing 370 mgI/mL of iopamiron, 
13 were included in the IAP group and 6 in 
the EAP group. There are no reports compar-
ing different iodine concentrations of con-
trast agents in the visualization of the RAV 
on CECT. However, if contrast injection con-
ditions are constant, vascular CT values are 
proportional to the iodine concentration.18 
As the authors thought this would affect the 
visualization of the RAV, we only analyzed 
patients imaged with 370 mgI/mL of contrast 
agent, which was the majority of cases. Thus, 
64 patients were included in the study.

Computed tomography examinations

All abdominal dynamic CECT exam-
inations were performed before AVS. The 
median interval between CECT and AVS 
was 28 days (range: 1–189 days). Images 
were obtained using any of the following 
CT scanners: a 64-row detector CT scanner 
(LightSpeed VCT; GE Healthcare, Milwaukee, 
WI, USA). Scan parameters were as follows: 
tube voltage, 120 kVp; reconstruction thick-
ness, 1.25 mm; beam collimation, 40 mm; 
rotation time, 0.4 seconds; and helical pitch, 
0.984. CECT was performed using 100 mL 
of contrast agent containing 370 mgI/mL 
of iopamidol (Iopamiron 370; Bayer Health-
care, Berlin, Germany) at an injection rate of 
3 mL/s. Dual-phase contrast-enhanced dy-
namic scans during breath-hold inspiration 
or three-phase contrast-enhanced dynamic 
scans during breath-hold expiration were 
performed. In the dual-phase contrast-en-
hanced dynamic scans, arterial phase imag-
es were obtained at 40 seconds (in the IAP 
group), and delayed phase images were ob-
tained at 130 seconds after the start of the 
contrast agent injection. In triple-phase con-

trast-enhanced dynamic scans, the double 
arterial phase images were obtained at 40 
and 55 seconds (in the EAP group), and the 
delayed phase image was obtained at 130 
seconds after the start of the contrast agent 
injection. We defined the 40-second phase 
after the start of the contrast agent injection 
as the early arterial phase and the 55-second 
phase after the start of the contrast agent 
injection as the late arterial phase. The late 
arterial phase in the EAP group was added 
to prolong the peak contrast effect because 
expiration decreases cardiac output and ve-
nous circular flow.19 The EAP was performed 
on patients with AVS, as indicated in the re-
quest details, during CECT. Alternatively, the 
IAP was performed as a routine abdominal 
CECT.

Adrenal venous sampling procedure

During the study period, the main oper-
ator who performed AVS was among the 11 
radiologists [with 5–16 years of experience 
in interventional radiology (IVR)] involved 
in this study. AVS was performed using one 
of the following angiography systems: In-
finix Celeve Active (Canon Medical Systems, 
Otawara, Japan) or Artis zee BA Twin (Sie-
mens Healthineers, Bayern, Germany). All 
operators performed AVS according to the 
following procedure: operators inserted 
5-Fr introducer sheaths via the right and left 
common femoral veins. A 4-Fr catheter with 
a two-dimensional shape (shepherd’s hook 
catheter; Meditkit Co., Ltd., Tokyo, Japan), a 
5-Fr catheter designed for the RAV (Hanaco 
Medical, Saitama, Japan), or a 5-Fr catheter 
with a three-dimensional shape designed 
to accommodate five RAV patterns (Adselect 
Series; Hanaco Medical)20 were inserted into 
the RAV (Figure 1). A 5-Fr catheter designed 
for the left adrenal vein (LAV) (Hanaco Medi-
cal) was inserted into the LAV. Depending on 
the operator, the catheter was first inserted 
into the LAV and then into the RAV. After 
the operator performed a venography and 
confirmed the cannulation into the RAV and 
LAV (Figure 2), venous blood samples of at 
least 3 mL were obtained, respectively. Blood 
samples of the RAV were collected once or 
twice from each patient. Blood samples were 
also subsequently obtained from the inferi-
or vena cava (IVC) above the confluence of 
the RAV and under the confluence of the left 
renal vein. The authors did not always assess 
the patient selectivity index (i.e., adrenal 
vein cortisol concentration/IVC cortisol con-
centration ratio) intraoperatively if the RAV 
was clearly observed on venography. Fifteen 
minutes after administration of the adreno-

Main points

•	 The right adrenal vein (RAV) was well visu-
alized on the arterial phase contrast-en-
hanced computed tomography (CT) (CECT) 
scan.

•	 The RAV had a minimal difference between 
the expiratory CT scan images and the adre-
nal venograms.

•	 The expiratory arterial phase–CECT scan 
was useful for the fast-track cannulation of 
the RAV.
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corticotropic hormone (ACTH), venous blood 
samples were obtained again from the RAV, 
LAV, and IVC in the same manner. The cannu-
lation time of the RAV, incident dose of the 
entire procedure, fluoroscopy time of the en-
tire procedure, and volume of contrast agent 
were recorded. The cannulation time of the 
RAV was defined as the time from inserting 
the sheath to performing the RAV venogra-
phy or from performing the LAV venography 

to performing the RAV venography (Figure 
3). The insertion time of the sheath was ex-
tracted from the intraoperative record writ-
ten by the operating nurse. The venography 
time of each adrenal vein was recorded from 
the image of each adrenal vein attached to 
the operative report. The criterion for suc-
cessful cannulation of the RAV was a selectiv-
ity index after ACTH stimulation of ≥5.21

Image analysis

Two radiologists (readers A and B, with 7 
and 6 years of experience in IVR, respective-
ly) who had not performed AVS as operators 
independently evaluated the CECT images 
using a commercial software package (EV In-
site; PSP Corporation, Tokyo, Japan). The RAV 
was defined as an enhanced tubular or linear 
structure from the right adrenal gland, as ob-
served on the CT images, which eventually 
entered the IVC either directly or indirectly.21 
The degree of visualization was recorded us-
ing a 4-point scale from a previous report:12 
4, the RAV runs between the IVC and the 
right adrenal gland; 3, the RAV is unequiv-
ocally detectable, although the contrast of 
the RAV to the surrounding structures is not 
so strong; 2, equivocal detection of the RAV, 
with minimal contrast to surrounding struc-
tures; 1, the RAV is not visualized (Figure 4). 
A grade of 3 or 4 was regarded as RAV visu-
alization. In cases of discrepancies between 
the visualization grades of 3–4 and 1–2 in 
readers A and B, reader C (who had 15 years 
of experience in IVR) evaluated the CT imag-
es to obtain a consensus. With reference to a 
previous report,22 the localization of the RAV 
orifice was divided and numbered into 24 
parts from the 10th thoracic vertebra to the 
second lumbar vertebra from the cranial side 
to the caudal side (Figure 5). Each vertebral 
body was subdivided into four equal levels 
from the cranial side to the caudal side and 
one additional section representing the ver-
tebral disk. Reader C recorded the localiza-
tion numbers of the RAV orifice on the CECT 
image and the adrenal venography image, 
respectively. The localization of the RAV on 
the CECT was determined by the level of the 
CECT-scout image corresponding to the axial 
CECT image visualizing the RAV. The localiza-
tion of the RAV on the venogram was deter-
mined by the level of the catheter tip with 
the right adrenal venogram.

Statistical analysis

We performed statistical analyses using 
Bell Curve in Excel (Social Survey Research 
Information Co. Ltd., Tokyo, Japan). We used 
the Student’s t-test to compare the patient’s 
age, body mass index (BMI), height, and 
body weight. The chi-squared test was used 
to compare the patient’s sex, the visualiza-
tion rate, and the catheter cannulation suc-
cess rate in the RAV.

The Mann–Whitney U test was used to 
compare the time for cannulating the RAV, 
the fluoroscopy time of the entire proce-
dure, the whole entrance dose of the entire 

Figure 1. (a-g) The catheters used for cannulation of the right adrenal vein (RAV). The authors selected the 
appropriate catheter based on the shape of the RAV. (a) A 4-Fr shepherd’s hook–type catheter with a two-
dimensional shape. (b) A 5-Fr catheter, designed for the RAV with a two-dimensional shape. (c-g) A 5-Fr 
catheter with a three-dimensional shape designed to accommodate five RAV patterns.
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procedure, the volume of contrast media, 
years of experience in IVR, and the differ-
ence between CECT images and adrenal 
venograms in localization of the RAV orifice. 
The Friedman test was used to compare the 
mean volume CT dose index adjusted for 
body size and the visualization rates of the 
RAV between the arterial phase, late arterial 
phase, and combined arterial and late arteri-
al phases in the EAP group. If a significant dif-
ference was indicated, multiple intergroup 
comparisons were performed using the 
Scheffé post-hoc test. The inter-reader agree-
ment was assessed using Cohen’s weight-
ed kappa analysis. A kappa value of ≤0.20 
indicated poor agreement; 0.21–0.40, fair 
agreement; 0.41–0.60, moderate agreement; 
0.61–0.80, good agreement; and 0.81–1.00, 
excellent agreement. A P value of <0.05 was 
considered statistically significant.

Results

Patient characteristics

Table 1 shows the patient characteristics, 
including age, sex, height, body weight, BMI, 
and years of IVR experience. Of 64 patients, 
32 patients were classified into the EAP 
group and 32 in the IAP group. There were 
no significant differences between the two 
groups with regard to age, sex, height, body 
weight, BMI, and years of IVR experience.

Evaluation of right adrenal vein visualiza-
tion and radiation exposure on contrast-en-
hanced computed tomography

Table 2 shows the degree of the RAV visu-
alization. On the early arterial phase image, 
although the IAP group had a better visual-
ization rate than the EAP group, the visual-
ization rates were not significantly different 
between the two groups. In the EAP group, 

visualization rates for the late arterial phase 
were improved compared with the early ar-
terial phase. In the combined early and late 
arterial phase images of the EAP groups, 
the visualization rates were 100%, which 
were not significantly different from those of 
the IAP group. Furthermore, the EAP group 
showed no significant difference in the RAV 
visualization rate between the early arterial 
phase, late arterial phase, and combined ear-
ly and late arterial phases (P = 0.066).

In the EAP group, the weighted kappa 
values for the RAV visualization score on the 
early and late arterial phase images were 
0.71 and 0.54, respectively, which indicated 
good inter-reader agreements. Furthermore, 
in the IAP group, the weighted kappa value 
for the RAV visualization score on the early 
phase image was 0.35, which indicated a fair 
inter-reader agreement.

The mean volume CT dose indexes of 
the EAP group were 18.74 ± 3.16 mGy in the 
early arterial phase, 18.54 ± 3.06 mGy in the 
late arterial phase, and 37.27 ± 6.21 mGy in 
the combined early and late arterial phases. 
No significant differences were noted in the 
mean volume CT dose indexes between the 
early and late arterial phases (P = 0.75). How-
ever, the mean volume CT dose indexes in 
the combined early and late arterial phases 
were significantly higher than those in the 
early and late arterial phases (P < 0.001). The 
mean volume CT dose index of the IAP group 
was 19.06 ± 3.35 mGy in the early arterial 
phase.

Difference between the contrast-enhanced 
computed tomography images and adre-
nal venograms in the localization of the 
right adrenal vein orifice

In the EAP group, the CECT image showed 
that the RAV orifice was located between 
level 6 and level 16 (median: 11), whereas on 
the adrenal venogram, the RAV orifice was lo-
cated between level 5 and level 18 (median: 
10.5; Figure 5a). On the other hand, the RAV 
orifice on the CECT image in the IAP group 
was located between level 9 and level 23 
(median: 14), whereas on the adrenal veno-
gram, it was located between level 4 and lev-
el 19 (median: 12; Figure 5b). The EAP group 
had a smaller location difference in the RAV 
orifice between the CECT images and adre-
nal venograms than the IAP group (P < 0.001; 
Figure 6).

Figure 2. (a, b) A case of adrenal venous sampling in a 52-year-old man with primary aldosteronism. (a) 
A 5-Fr catheter with a three-dimensional shape designed for the right adrenal vein (RAV) is successfully 
cannulated in the RAV (arrow). (b) A 5-Fr catheter designed for the left adrenal vein (LAV) is successfully 
cannulated in the common trunk of the LAV (arrowhead). 

Figure 3. A flowchart of the adrenal venous sampling procedure. The cannulation time of the right adrenal 
vein is marked with asterisks. RAV, right adrenal vein; EAP, expiratory arterial phase; IAP, inspiratory arterial 
phase; LAV, left adrenal vein; IVC, inferior vena cava; ACTH, adrenocorticotropic hormone.
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Comparison of adrenal venous sampling 
between the expiratory arterial phase–
contrast-enhanced computed tomography 
group and the inspiratory arterial phase–
contrast-enhanced computed tomography 
group

Table 3 shows the comparison of AVS 
between the EAP–CECT group and the 
IAP–CECT group. The median time to RAV 
cannulation was significantly shorter in the 
EAP–CECT group (27.5 minutes) than in the 
IAP–CECT group (35.5 minutes; P = 0.035). 
No significant intergroup differences were 
noted in terms of exposure dose, fluorosco-
py time during the entire procedure, and vol-
ume of contrast agent.

Figure 4. (a-c) The scores of the right adrenal vein (RAV) visualization on computed tomography images. Examples of score 4 (a), score 3 (b), and score 2 (c). The RAV 
is marked with arrows.

Figure 5. (a, b) Localization of the right adrenal vein (RAV) orifice. The location of the RAV orifice was 
determined and numbered from cranial to caudal in 24 anatomical levels from the top of the 10th thoracic 
vertebra to the bottom of the second lumbar vertebra. (a) The number of the RAV orifice on contrast-
enhanced computed tomography (CECT) images and venograms in the expiratory arterial phase–CECT 
group. (b) The number of the RAV orifice on CECT images and venograms in the inspiratory arterial phase–
CECT group.

Figure 6. The positional difference between 
contrast-enhanced computed tomography and 
venography at the localization of the right adrenal 
vein orifice. **P < 0.001; CECT, contrast-enhanced 
computed tomography; EAP, expiratory arterial 
phase; IAP, inspiratory arterial phase.

Table 1. Characteristics of the patients

EAP group (n = 32) IAP group (n = 32) P value

Age (years)
Mean ± SD 48.34 ± 11.82 50.91 ± 11.03 P = 0.70

Sex (M/F) 19/13 14/18 P = 0.32

Height (m)
Mean ± SD 1.66 ± 0.088 1.63 ± 0.079 P = 0.52

Weight (kg)
Mean ± SD 71.08 ± 13.82 69.97 ± 15.03 P = 0.64

BMI (kg/m2)
Mean ± SD 25.65 ± 4.35 26.40 ± 5.20 P = 0.32

Experience in IVR (years)
Median (range)

7
(5–16)

8
(6–16) P = 0.051

EAP, expiratory arterial phase; IAP, inspiratory arterial phase; SD, standard deviation; BMI, body mass index; IVR, 
interventional radiology; M, male; F, female.
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Discussion
To the authors’ knowledge, there are no 

reports mentioning the cannulation time of 
the RAV and the amount of contrast media 
in AVS as a result of different CECT imaging 
methods used before AVS. This study’s results 
showed no significant between-group differ-
ences in the RAV visualization and the cannu-
lation success rate. However, the cannulation 
time of the RAV was significantly shorter in 
the EAP group than in the IAP group.

The RAV visualization rate of the IAP 
group was 96.9% in the early arterial phase. 
The RAV visualization rates of the EAP group 
were 84.4% in the early arterial phase and 
93.8% in the late arterial phase. The RAV 
visualization rate of the EAP group in the 
combined early and late arterial phases was 
100%. Hence, there was no significant differ-
ence in the RAV visualization rates between 
the IAP and EAP groups. In the EAP group, 
there was an improvement in the RAV visu-
alization rate in the late arterial phase com-
pared with that in the early arterial phase. 
This finding may be attributed to changes in 
venous circular flow caused by respiration. In 
the expiratory position, intrathoracic pres-
sure decreases, causing a decrease in venous 
circular flow, and cardiac output is corre-
spondingly decreased. Therefore, the peak of 
the contrast-enhanced effect on the RAV was 
considered to be prolonged.19 Some reports 
have evaluated the RAV visualization rates of 

CECT in the expiratory position.9,12,15,22 Mori-
ta et al.15 reported the usefulness of the dual 
adrenal venous phase images obtained at 45 
and 55 seconds using the constant injection 
time technique of contrast media (iodine of 
600 mgI/kg body weight) in the expiratory 
position. They found combined rates of the 
RAV visualization of the first and the second 
adrenal venous phase of 98%. In this study, 
the contrast media injection technique was 
constant regarding both injection time and 
injection rate. However, the rate of the RAV 
visualization in the combined early and late 
arterial phases was satisfactory at 100% in 
the EAP group. Nevertheless, there was no 
significant difference in the RAV visualiza-
tion rate between the combined early and 
late arterial phases and early and late arteri-
al phases. In contrast, the mean volume CT 
dose index in the combined early and late 
arterial phases was significantly higher than 
in the early and late arterial phases. From the 
viewpoint of exposure dose reduction, only 
the late arterial phase in the EAP group may 
be acceptable.

The authors found a smaller location dif-
ference in the RAV orifice between the CECT 
images and the adrenal venograms in the 
EAP group than in the IAP group. This result 
suggests that the CECT images in the expi-
ratory position were closer to the location of 
the RAV orifice than those in the inspiratory 
position. In addition, because the adrenal 
venogram was usually obtained during nat-

ural breath holding to keep the catheter sta-
ble, the RAV orifice on AVS was closer to that 
on the CECT images in the expiratory posi-
tion. The authors, therefore, believe that pre-
operative simulation using the CECT images 
in the expiratory position has the advantage 
of reducing the procedure time required for 
the RAV catheterization. Some studies have 
compared the CECT images in the expiratory 
position and the images on AVS for the loca-
tion of the RAV orifice. Onozawa et al.9 com-
pared the cannulated position of the RAV 
orifice with the RAV orifice on dynamic CECT 
in the expiratory position and intervention-
al CT (a system that combines angiographic 
and CT equipment with a single fluoroscopy 
table). According to their report, the median 
difference of the RAV between the dynamic 
CECT and the interventional CT was only half 
a vertebra. Degenhart et al.22 compared the 
location of the RAV orifice between a CECT 
image obtained in the expiratory position 
and a venogram. The location of the RAV or-
ifice on the CECT image and the venogram 
was highly consistent between the two read-
ers (70% and 88%, respectively). Their results 
support those in this study.

As mentioned above, the authors spec-
ulated that the RAV cannulation time was 
shorter in the EAP group due to the smaller 
difference of the RAV orifice on the CECT. 
This preoperative simulation reduces the 
stress on the patient and the operator. Fur-
thermore, this could lead to a reduction of 
radiation exposure on AVS. Based on the au-
thors’ findings, the authors believe that the 
EAP is a useful imaging method for selecting 
the RAV on AVS. Although the EAP group had 
a lower dose of radiation exposure and short-
er fluoroscopy time throughout the entire 
procedure as compared with the IAP–CECT 
group in this study, there was no significant 
difference. 

The authors must also mention the lim-
itations of this study. First, this was a retro-
spective study, and the sample size was small 
because the authors excluded many samples 
due to the different types of contrast media 
used in the CECT procedure. Moreover, the 
AVS procedure was performed by several op-
erators. Second, because interventional CT of 
the RAV was not performed at AVS, the au-
thors could not confirm whether the RAV on 
the abdominal dynamic CECT was the same 
as the blood vessel visualized by the adrenal 
venography.

In conclusion, EAP–CECT is useful for in-
creasing the speed of the RAV cannulation 
due to the small difference in the localization 

Table 2. Visualization rates of the right adrenal vein

EAP group (n = 32) IAP group (n = 32) P value

Early arterial phase 27/32 (84.4%) 31/32 (96.9%) P = 0.20

Late arterial phase 30/32 (93.8%) †P = 1.00

Early and late arterial phase 32/32 (100%) ††P = 1.00
†Comparison between the late arterial phase (EAP group) and the early arterial phase (IAP group); ††Comparison 
between the arterial and late arterial phases (EAP group) and the arterial phase (IAP group). EAP, expiratory arterial 
phase; IAP, inspiratory arterial phase.

Table 3. Adrenal venous sampling between the expiratory arterial phase and inspiratory 
arterial phase groups

EAP group (n = 32) IAP group (n = 32) P value

Success rate of RAV cannulation 100% (32 of 32) 97% (31 of 32) P = 1.00

Time to RAV cannulation (min)
Median (range)

27.5
(5–154)

35.5
(7–174) P = 0.035*

Exposure dose (mGy)
Median (range)

429.20
(94–1548.16)

497.84
(93.2–1824) P = 0.40

Fluoroscopy time (min)
Median (range)

45.25
(13.8–92.6)

45.95
(17.2–130.1) P = 0.51

Volume of contrast agent (mL)
Median (range)

76.5
(25–260)

100
(20–280) P = 0.11

*Statistically significant. EAP, expiratory arterial phase; IAP, inspiratory arterial phase; RAV, right adrenal vein.
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of the RAV orifice compared to IAP–CECT. 
However, since EAP–CECT has double con-
trast arterial phases and increases radiation 
exposure compared to IAP–CECT, only the 
late arterial phase may be acceptable to re-
duce radiation exposure.
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