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Instructions to Authors

A-III

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 
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Since the first appearance of severe acute 
respiratory syndrome-coronavirus 2 
(SARS-CoV-2) toward the end of 2019, 

global scientific interest in the clinical prog-
ress and course of patients with this infection 
has grown rapidly. The disease is typically 
characterized by pneumonia and severe re-
spiratory distress. Imaging features, both typ-
ical and atypical, of coronavirus disease-2019 
(COVID-19) pneumonia have been described 
in detail in several papers.1,2 Cough, short-
ness of breath, fever, myalgia, and general-
ized fatigue have been frequently observed 
as the dominant clinical features of infection. 

However, with the relentless spread of the 
disease and rapid increase in the number of 
patients worldwide, the abdominal, cardiac, 
neurologic, and musculoskeletal symptoms 
of these patients have also become clinically 
recognized.3-6 With all these newly detected 
symptoms, the medical community identi-
fied the multisystemic disease underlying 
the virus, even in the relatively early stages 
of the pandemic. 

The multisystemic nature of the COVID-19 
virus is mostly attributed to its ability to at-
tach to angiotensin-converting enzyme 2 
(ACE-2) receptors in the body. Since ACE-2 re-
ceptors are widely disseminated in the body, 
including in the lungs, vascular endothelium, 
small intestine, colon, spleen, liver, and kid-
ney, the systemic dissemination of the virus 
appears to be inevitable.7  The virus may ex-
ert both cytotoxic and thrombotic effects on 
the abdominal vascular endothelium, caus-
ing widespread vascular dysfunction in the 
abdomen. Thromboembolism in the abdom-
inal aorta or its branches may occur as early 
as 12–13 days after the start of the infection.8

Since the start of the pandemic, the ab-
dominal manifestations of COVID-19 have 
been described in detail in several excellent 
papers.9-11 However, there is still a gap that 
needs to be investigated in assessing the 
relationship between abdominal imaging 
findings and disease outcomes. In this study, 

we aimed to investigate the frequency of 
abdominal computed tomography (CT) find-
ings in patients with symptomatic COVID-19 
and outline the association between abdom-
inal CT findings and patients’ clinical prog-
ress and outcomes. 

Methods 
This multicenter retrospective study was 

conducted in compliance with the Health 
Insurance Portability and Accountability Act 
and the Declaration of Helsinki. Approvals 
were obtained from both the local institu-
tional board and the board of the Ministry 
of Health. Informed consent was waived due 
to the retrospective nature of the study (Er-
zincan Binali Yildirim University Ethics Com-
mittee 04/01, Health Ministry of Turkey Ethics 
Committee 2021-02-23T11_43_57).

Patients: Cohort selection

After reviewing the electronic and written 
medical charts of the contributing centers, 
a total of 1.564 patients who had confirmed 
COVID-19 infection and abdominal symp-
toms and who had undergone abdominal CT 
between April and December 2020 were as-
sessed as eligible for this study. The inclusion 
criteria of the study were as follows: adult 
patients (>18 years) with a positive real-time 
reverse transcriptase-polymerase chain-re-
action (RT-PCR) test result using throat swabs 

PURPOSE
To evaluate the frequency of abdominal computed tomography (CT) findings in patients with coronavirus disease-2019 (COVID-19) and interrogate the 
relationship between abdominal CT findings and patient demographic features, clinical findings, and laboratory test results as well as the CT atheroscle-
rosis score in the abdominal aorta. 

METHODS
This study was designed as a multicenter retrospective study. The abdominal CT findings of 1.181 patients with positive abdominal symptoms from 26 
tertiary medical centers with a positive polymerase chain-reaction test for severe acute respiratory syndrome coronavirus 2 were reviewed. The frequency 
of ischemic and non-ischemic CT findings as well as the association between CT findings, clinical features, and abdominal aortic calcific atherosclerosis 
score (AA-CAS) were recorded. 

RESULTS
Ischemic and non-ischemic abdominal CT findings were detected in 240 (20.3%) and 328 (27.7%) patients, respectively. In 147 patients (12.4%), intra-ab-
dominal malignancy was present. The most frequent ischemic abdominal CT findings were bowel wall thickening (n = 120; 10.2%) and perivascular infil-
tration (n = 40; 3.4%). As for non-ischemic findings, colitis (n = 91; 7.7%) and small bowel inflammation (n = 73; 6.2%) constituted the most frequent disease 
processes. The duration of hospital stay was found to be higher in patients with abdominal CT findings than in patients without any positive findings (13.8 
± 13 vs. 10.4 ± 12.8 days, P < 0.001). The frequency of abdominal CT findings was significantly higher in patients who did not survive the infection than 
in patients who were discharged after recovery (41.7% vs. 27.4%, P < 0.001). Increased AA-CAS was found to be associated with a higher risk of ischemic 
conditions in abdominal CT examinations.

CONCLUSION
Abdominal symptoms in patients with COVID-19 are usually associated with positive CT findings. The presence of ischemic findings on CT correlates with 
poor COVID-19 outcomes. A high AA-CAS is associated with abdominal ischemic findings in patients with COVID-19. 

KEYWORDS
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Main points

• The coronavirus disease-2019 (COVID-19) 
virus may give rise to a wide variety of isch-
emic and non-ischemic abnormalities in the 
abdomen. 

• Patients with COVID-19 and abdominal 
computed tomography (CT) findings had 
a longer hospital stay and higher mortality 
rate than patients without positive findings. 

• The detection of positive abdominal CT 
findings reveals a positive correlation with 
extended hospital stay and increased mor-
tality. 

• Patients with an active COVID-19 infection 
and high abdominal aortic calcific athero-
sclerosis score appear to demonstrate more 
ischemic findings in CT. 
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for COVID-19 who had undergone abdomi-
nal CT studies for various clinical symptoms 
within 15 days following the positive PCR 
test. The exclusion criteria were as follows: 
patients who had undergone abdominal CT 
15 days before or after the PCR test; patients 
who tested as COVID-19 (+) when they were 
hospitalized following an investigation into 
abdominal pathologies; patients with insuf-
ficient anamnesis and symptom history and 
with poor CT image quality; patients <18 
years; and patients with no positive PCR test. 
In total, 1.181 adult patients from 26 tertiary 
medical centers were enrolled in this study 
(Figure 1).

Clinical data collection

Patient electronic medical records were 
used to obtain the following data: (1) de-
mographic characteristics of patients (age, 
sex, smoking habit, and comorbidities); (2) 
clinical information including the date of the 
COVID-19 diagnosis; (3) abdominal symp-
toms including diarrhea, anorexia, nausea, 
vomiting, epigastric pain, upper gastrointes-
tinal (GI) bleeding, (4) duration of hospital 
stay, and disease outcome; and (5) laboratory 
results [PCR and liver function tests such as 
aspartate transaminase (AST), alanine trans-
aminase (ALT), indirect and direct bilirubin, 
and D-dimer values]. The COVID-19 period 
was assessed in terms of days in the hospi-
tal and disease outcome (recovery or death). 
Comorbidities were defined as diabetes mel-
litus (DM), hypertension (HT), heart failure 
(HF), chronic renal failure (CRF), and intra-ab-
dominal malignancy.

Computed tomography image acquisition

Abdominal CT scans of patients were 
performed without (n = 436, 36.9%) and 
with (n = 745, 63.1%) intravenous (IV) con-
trast administration. Contrast-enhanced CT 
studies were multiphasic in 116 (9.3%) pa-
tients. The scanned area was between the 
dome of the diaphragm and the ischial tu-
berosity. Contrast-enhanced single-phase 
CT scans were obtained through the ac-
quisition of abdominopelvic images in the 
portal venous phase after an IV injection 
of 80–120 mL of iodinated contrast media 
(300–350 mg of iodine per mL) with a flow 
rate of 3–5 mL/sec. The IV contrast injection 
was followed by a 40 mL saline chaser at the 
same injection rate as the IV contrast. All CT 
studies were conducted using various multi-
detector CT scanners from different vendors 
(16–392 detector rows). The CT acquisition 
parameters varied within a narrow range 
in accordance with the local institutional 
protocols: tube voltage: 100–130 kV, tube 
current: automatic tube current modulation 
used, collimation thickness: 0.5–2 mm, tube 
rotation time: 0.5–1 s. Reconstructions were 
applied to obtain axial images with a sec-
tion thickness of 2–5 mm and coronal and 
sagittal images with a section thickness of 3 
mm. Multiphasic CT images were obtained 
using the same CT acquisition parameters 
as well as an unenhanced phase, and con-
trast-enhanced images were obtained at 
arterial and venous phases. 

Computed tomography data collection and 
image analysis

All the evaluated abdominal CT scans 
were performed within 15 days of confirma-
tion of COVID-19 and were interpreted by ra-
diologists experienced in abdominal radiol-
ogy. Initially, the dates of the CT scans and 
information about the IV contrast administra-
tion as well as the CT study phases were re-
corded. Abdominal CT scans were reviewed 
to detect the presence and frequency of 
positive ischemic and non-ischemic findings. 
Positive findings for an ischemic abdominal 
process were defined as follows: acute mes-
enteric artery embolism, acute thrombosis of 
the superior mesenteric vein, non-occlusive 
mesenteric ischemia (NOMI), perivascular in-
filtration, bowel wall thickening (single-wall 
thickness >3 mm in distended loops and >5 
mm in collapsed loops), pneumatosis intes-
tinalis, bowel wall necrosis, gas in the portal 
venous system, hollow viscus perforation, 
and renal ischemia. 

Non-ischemic abdominal CT findings 
included small and large bowel inflamma-
tion, acute pyelonephritis, acute cholecys-
titis, acute pancreatitis, acute diverticulitis, 
acute appendicitis, bowel obstruction, and 
intra-abdominal malignancy. 

To investigate the relationship between 
the severity of atherosclerotic changes in the 
abdominal aorta and abdominal CT findings, 
the atherosclerosis score of the abdominal 
aorta was determined through a quantita-
tive assessment of calcific atheroma plaques 
in the abdominal aorta. The final scores were 
designated as the abdominal aortic calcific 

Figure 1. Flowchart of patient selection for the study cohorts. CT, computed tomography; COVID-19, coronavirus disease-2019; PCR, polymerase chain-reaction.
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atherosclerosis score (AA-CAS). The AA-CAS 
was calculated according to a method de-
scribed in previous reports (Figure 2).12 The 
measurements were taken from the aortic 
wall at a level between the L1 and L4 verte-
bral bodies. On the sagittal CT images, the 
affected abdominal aorta length with recip-
rocal vertebra was scored between 0 and 3 as 
0 (no calcification), 1 (1/3 of vertebral length 
affected), 2 (2/3 of vertebral length affected), 
and 3 (whole vertebral length affected). An 
axial CT image of the abdominal aorta at 
each vertebral level was divided into four 
quadrants. The total area of the abdominal 
aorta circle affected by calcific plaques was 
classified as 1, 2, 3, and 4. For each level, a  
single-level score was determined by mul-
tiplying the scores measured in axial and 
sagittal image planes. The AA-CAS for each 
vertebral level ranged from 0 to 12, with a 
minimum of 0 and a maximum score of 48. 
The final AA-CAS was concluded as the sum 
of the AA-CAS from each lumbar vertebral 
level.

Statistical analysis

All study data were collected from the 
contributing centers and combined into 
a single data sheet. Categorical data were 
presented as numbers (percentages), with 
continuous variables with normal distribu-
tion expressed as mean ± standard deviation 
and continuous variables with non-normal 
distribution as median and 95% confidence 
interval (95% CI). Categorical data were 
compared using Pearson’s chi-square test or 
Fisher’s exact test, and continuous variables 
were compared using the Student’s t-test or 
Mann–Whitney U test, depending on the dis-
tribution of data. A two-tailed P value <0.05 
was considered statistically significant. The 
significance level was established as α = 0.05. 
All statistical analyses were performed using 
SPSS v22.0 software.

Results

Patient characteristics 

The study included 1.181 patients (male/
female: 632/549) with a mean age of 61.6 ± 

17.4 years, ranging from 18 to 97 years. Of all 
the patients, 274 (23.2%) were smokers, and 
597 (50.5%) were non-smokers. Smoking his-
tory was obtained from 310 (26.3%) patients. 
The most common comorbidities of patients 
were as follows: HT (n = 483, 40.89%), DM 
(n = 338, 28.6%), HF (n = 129, 10.92%), CRF 
(n = 78, 6.6%), a combination of comorbidi-
ties including DM, HT, HF, and CRF (n = 306, 
25.91%), and intra-abdominal malignancy 
(n = 147, 12.4%). The most frequent symp-
toms were as follows: epigastric pain (33.3%), 
nausea (31.2%), vomiting (23.8%), diarrhea 
(11.9%), and upper GI bleeding (2.6%). The 
median duration of hospital stay was 8 days 
(0–142 days). The median and 95% CI of the 
median for AST, ALT, D-dimer, and the direct 
and indirect bilirubin levels of the cohort 
was 30 U/L (29–31), 24 U/L (22–25), 1.03 
(0.96–1.10), 0.21 mg/dL (0.20–0.23), and 0.38 
mg/dl (0.36–0.40), respectively. A total of 
874 patients (74%) were discharged follow-
ing recovery, whereas 268 patients (22.7%) 
died secondary to COVID-19 infection. The 
disease outcome could not be determined 
from electronic medical charts in 39 (3.3%) 
patients. 

Computed tomography findings

The ischemic and non-ischemic abdom-
inal CT findings detected after a review of 
CT scans are summarized in Table 1 (Figure 
3). The frequency of overall ischemic and 
non-ischemic CT findings was 20.3% (n = 
240) and 27.7% (n = 328), respectively. The 
most frequent ischemic abdominal CT find-
ings were bowel wall thickening (n = 120, 
10.2%) (Figure 4) and perivascular infiltration 
(n = 40, 3.4%) (Figure 5), whereas the most 
frequent non-ischemic abdominal CT find-
ings were large bowel inflammation, with a 
frequency of 7.7% (n = 91), and small bowel 
inflammation, with a frequency of 6.2% (n = 

Table 1. Ischemic and non-ischemic abdominal computed tomography findings in patients with COVID-19

Ischemic abdominal CT findings n (%) Non-ischemic abdominal CT findings n (%)

Acute superior mesenteric artery embolism 10 (0.8) Small bowel inflammation 73 (6.2)

Acute mesenteric vein thrombosis 6 (0.5) Large bowel inflammation 91 (7.7)

NOMI 8 (0.7) Intestinal obstruction 42 (3.5)

Bowel wall thickening 120 (10.2) Acute cholecystitis 36 (3.04)

Perivascular infiltration 40 (3.4) Acute pancreatitis 38 (3.21)

Pneumatosis intestinalis 12 (1) Acute diverticulitis 8 (0.67)

Portal venous gas 9 (0.8) Acute appendicitis 18 (1.5)

Intestinal necrosis 8 (0.7) Acute pyelonephritis 22 (1.9)

Hollow viscus perforation 17 (1.4) Intra-abdominal malignancy 147 (12.4)

Renal ischemia 10 (0.8) - -

Total 240 - 475

NOMI, non-occlusive mesenteric ischemia; CT, computed tomography; COVID-19, coronavirus disease-2019.

Figure 2. Abdominal aorta calcification score measurement method in the abdominal aorta. 
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73). The mean AA-CAS was calculated as 10.6 
± 12.1 (ranging from 0 to 48). 

No significant difference in sex distribu-
tion was detected in relation to the pres-
ence of abdominal CT findings and AA-CAS. 

Overall abdominal CT findings was not sig-
nificantly different between smokers and 
non-smokers (P = 0.49). The most common 
underlying comorbidity related to positive 
abdominal CT findings was HT (40.89%), 
and a significant association was found be-

tween the presenting symptoms of diarrhea, 
anorexia, nausea, vomiting, epigastric pain, 
and upper GI bleeding and the presence of 
abdominal CT findings. The associations be-
tween each abdominal symptom and the 
presence of abdominal CT findings are sum-
marized in Table 2. A significant association 
was identified between all the presenting 
symptoms and the presence of abdominal 
CT findings. The investigation into the re-
lationship between abdominal symptoms 
and ischemic CT findings revealed that pa-
tients with diarrhea (P = 0.001) and nausea 
(P = 0.027) had significantly greater bowel 
wall thickening than patients without these 
symptoms. Mesenteric vein thrombosis  
P = 0.031) (Figure 6), perivascular infiltra-
tion (P = 0.008), bowel wall thickening (P < 
0.001), pneumatosis intestinalis (P = 0.002), 
and portal venous gas (P < 0.001) were found 
to be significantly more frequent in patients 
with anorexia, and patients with vomiting 
were significantly more prone to present 
with the ischemic findings of bowel wall 
thickening (P = 0.010), portal venous gas 
(P = 0.025), and renal ischemia (P = 0.008) 

Figure 3. Axial unenhanced computed tomography image  demonstrating a diffusely swollen pancreas 
and peripancreatic fat inflammation (arrows) consistent with edematous pancreatitis in a 65-year-old male 
patient with coronavirus disease-2019 who presented with abdominal pain. 

Figure 4. A 39-year-old woman with coronavirus disease-2019 presented with abdominal pain. Axial (a) and coronal (b) computed tomography images 
demonstrating the thickening of the ascending colon wall (arrows).

Figure 5. Axial (a) and coronal (b) contrast-enhanced computed tomography images of a 70-year-old female patient with coronavirus disease-2019 revealing 
perivascular infiltration, mesenteric stranding (arrows), and bowel dilatation, which indicates bowel ischemia. The patient underwent segmental bowel resection 
surgery because of the progressive deterioration in her clinical status.
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Table 2. Association between abdominal symptoms and abdominal computed tomography findings of patients

Symptoms Presence of abdominal CT finding n (%) P 

Diarrhea 
(+)
(−)

54/131 (41.2)
306/1.050 (29.1)

0.005

Anorexia 
(+)
(−)

96/192 (50)
264/989 (26.7)

<0.001

Nausea 
(+)
(−)

145/368 (39.4)
215/813 (26.4)

<0.001

Vomiting 
(+)
(−)

120/281 (42.7)
240/900 (26.7)

<0.001

Epigastric pain 
(+)
(−)

174/393 (44.3)
186/788 (23.6)

<0.001

Upper GI bleeding 
(+)
(−)

17/31 (54.8)
343/1.150 (29.8)

0.003

CT, computed tomography; GI, gastrointestinal.

Figure 6. Acute superior mesenteric vein thrombosis. A 74-year-old woman with acute myeloid leukemia who presented with shortness of breath, abdominal 
pain, and diarrhea was diagnosed with coronavirus disease-2019. Axial contrast-enhanced abdominal computed tomography (CT) images (a, b) obtained 1 month 
before hospital admission reveal patent abdominal aorta and right portal vein. Axial arterial phase contrast-enhanced CT image obtained on hospital admission (c) 
demonstrating an acute thrombus in the abdominal aorta (arrow). Axial portal venous phase contrast-enhanced CT image (d) reveals an acute thrombus in the right 
portal vein (arrow). Axial chest CT image (e) demonstrating bilateral ground-glass opacities in both lungs. Coronal-reformatted abdominal CT image (f) showing an 
acute thrombus in the superior mesenteric vein (arrow). Note the bowel wall thickening of the ascending colon (arrowhead) and ascites.
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(Figure 7). Epigastric pain was significantly 
related to perivascular infiltration (P = 0.001), 
bowel wall thickening (P < 0.001), pneuma-
tosis intestinalis (P = 0.012), portal venous 
gas (P < 0.001), hollow viscus perforation (P 
= 0.024), and renal ischemia (P = 0.005). Up-
per GI bleeding was found to be significantly 
related to perivascular infiltration (P = 0.003).

The association between the laborato-
ry test results and abdominal CT findings is 
summarized in Supplementary Table 1. Liver 
function tests and D-dimer values were in-
creased synchronously only in patients with 
acute mesenteric artery embolism (Figure 
8), and D-dimer values were significantly 
increased in patients with the ischemic CT 
findings of perivascular infiltration, pneu-
matosis intestinalis, and bowel wall necrosis 
and non-ischemic CT findings of acute pan-
creatitis, diverticulitis, and appendicitis. No 
specific laboratory test parameters changed 
significantly with the ischemic CT findings. 

The median and 95% CI of the median AA-
CAS values in all patients was 5,4-6 and AA-
CAS were not significantly different between 
sexes (P = 0.399). However, not surprisingly, 
smokers had a significantly higher AA-CAS 
than non-smokers [11 (1-22) vs. 4 (0-15), P < 
0.001]. The AA-CAS was significantly higher 
in patients with ischemic abdominal CT find-
ings (n = 143) than in those with non-isch-
emic abdominal CT findings (n = 218) [6 
(0–26) vs. 4 (0–16), P = 0.011]. The association 
between the AA-CAS and ischemic abdomi-
nal CT findings is summarized in Table 3. The 
AA-CAS were significantly higher in patients 
with pneumatosis intestinalis, bowel wall ne-
crosis, portal venous gas, acute cholecystitis, 
and acute appendicitis. However, the reliabil-
ity of the statistical tests investigating the 
association between the AA-CAS and these 
subgroups was not high because of the low 

Figure 7. Renal infarct. (a) Axial chest computed tomography (CT) image showing bilateral ground-glass density and consolidations (arrows) in the peripheral 
portions of the lungs. Axial (b) and coronal (c) CT images reveal focal unenhanced areas (arrowheads) in the renal parenchyma, representing renal infarcts.

Figure 8. Acute superior mesenteric artery embolism. Sagittal (a), oblique reformatted (b), and axial (c) 
computed tomography (CT) images of a 61-year-old woman with sudden onset abdominal pain 6 days 
after the diagnosis of coronavirus disease-2019, revealing a hypodense filling defect (arrows) in the superior 
mesenteric artery lumen. Axial CT image (d) of the same patient at the pelvic level revealing hypo-enhancing 
segments of the ileum wall (arrows) and free intra-abdominal gas (arrowheads) behind the uterus (u), 
suggesting bowel wall ischemia and resultant perforation.
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number of patients in the subgroups, with 
the exception of intra-abdominal malignan-
cy. 

An association was detected between 
the presence of abdominal CT findings and 
COVID-19 outcomes. The duration of hospi-
tal stay was higher in patients with abdom-
inal CT findings than in those without any 
positive findings (13.8 ± 13 vs. 10.4 ± 12.8 
days, P < 0.001). The frequency of abdom-
inal CT findings was significantly higher in 
patients who could not survive the infection 
than in patients discharged after recovery 
(41.7% vs. 27.4%, P < 0.001). Patients with 
NOMI, perivascular infiltration, bowel wall 
thickening, pneumatosis intestinalis, bow-
el wall necrosis, portal venous gas, renal 
ischemia, small bowel inflammation, coli-
tis, acute appendicitis, and intra-abdomi-
nal malignancy had a significantly higher 
death rate than those without these findings  
(Table 4).

Discussion
This multicenter study revealed that a 

wide range of abdominal CT findings, includ-
ing ischemic and non-ischemic abnormal-
ities, may be encountered in patients with 
COVID-19. The most common underlying 
comorbidity related to positive abdominal 
CT findings was HT. Patients with COVID-19 
with diarrhea, anorexia, nausea, vomiting, 
epigastric pain, and upper GI bleeding had 
high positive abdominal CT finding rates. 
The presence of abdominal CT findings was 
related to poor patient outcomes with an in-
creased duration of hospital stay and higher 
mortality rate. Patients with a high AA-CAS 
had significantly greater ischemic abdominal 
CT findings than patients with a low AA-CAS. 

The involvement of abdominal viscera 
in COVID-19 has been reported previously. 
The presence of abdominal symptoms in 
COVID-19 is not unexpected because SARS-
CoV-2 ribonucleic acid has been isolated in 
the duodenal wall and feces of patients as 
well as in wastewater.13 The fecal positivity 
rate in COVID-19 infection is reported to be 
between 40% and 48%, whereas meta-anal-
yses have demonstrated a prevalence of GI 
symptoms of 4%–12%.14,15 In addition to in-
testines, abdominal viscera also seem to be 
affected by COVID-19 because of the high 
surface expression of the ACE-2 receptor 
in vasculature. Besides GI findings, biliary 
tract, abdominal vasculature, and pancreas 
involvement with related radiological abnor-
malities have been reported.8,16-18 

In our study, we evaluated the abdominal 
CT findings as ischemic and non-ischemic 
CT findings. The high frequency of ischemic 
abdominal findings (20.3%) in this study 
was attributed to the abdominal vascular 
involvement of COVID-19. Perivascular infil-
tration on CT represents the previously re-
ported perivascular inflammation and peri-
vascular infiltration of T-cells that contribute 
to endothelial damage.9,19 In our study, the 
most common ischemic abdominal CT find-
ings in patients with COVID-19 were bowel 
wall thickening (10.2%) and perivascular 
infiltration (3.4%), representing well-known 
non-specific CT findings in ischemic bow-
el disease. Bowel wall thickening has been 
highlighted as the most common CT finding 
in patients with COVID-19 with acute ab-
dominal pain.20 Perivascular infiltration, the 
second most commonly detected abdominal 
CT finding in our study, may represent endo-
thelial damage in COVID-19 resulting from 
direct viral effects as well as perivascular in-
flammation.21 Due to its common presence 
in patients with COVID-19 and abdominal 
symptoms in our study, perivascular infil-
tration should alert radiologists to ischemic 
bowel disease when reviewing abdominal 
CT scans in these patients. In the non-isch-
emic group, large bowel inflammation (7.7%) 
and small bowel inflammation (6.2%) con-
stituted the most frequent imaging finding 
except intra-abdominal malignancy. These 
results are consistent with previous reports 
that noted bowel wall thickening as the 
most common CT feature in patients with 
COVID-19 presenting with abdominal pain.1,2 
Kidneys are the second most commonly tar-
geted abdominal organ regarding ischemic 
events in COVID-19. Endothelial damage 
and the resulting occlusion in the microvas-
culature of the renal parenchyma have been 
demonstrated in the postmortem renal his-
topathologic analysis of patients who died 
from COVID-19.22 Renal parenchymal perfu-
sion defects have also been identified in du-
al-energy CT scans.23 For all these reasons, we 
paid special attention to kidneys when eval-
uating ischemic abdominal abnormalities. In 
addition to other examinations, we investi-
gated the association between comorbidi-
ties and abdominal CT findings. Although it 
was impossible to verify a direct association 
between comorbidity subgroups and the 
overall CT findings, we noticed that HT was 
the comorbidity most commonly associated 
with abdominal CT findings. This finding may 
be related to HT being the most frequently 
observed comorbid disease since the begin-
ning of the pandemic.

The most frequent respiratory symptoms 
in patients with COVID-19 are sore throat, 
shortness of breath, and cough. However, 
medical practitioners must also be vigilant to 
check for symptoms related to other organs. 
The presence of these symptoms in patients 
with COVID-19 should alert clinicians to the 
potential involvement of abdominal organs. 
Each abdominal symptom included in our 
study was found to be significantly asso-
ciated with the presence of abdominal CT 
findings, which emphasizes the importance 
of increased vigilance toward the abdominal 
symptoms of COVID-19. 

In our study, we also investigated the as-
sociation between each abdominal symp-
tom and the CT findings. The results revealed 
that abdominal symptoms may be associat-
ed with a wide range of CT findings, limiting 
the prediction of specific abdominal abnor-
malities to abdominal symptoms only. Al-
though an association between abdominal 
symptoms and the presence of abdominal 
CT findings was found in our study, previ-
ous reports noted that fluid-filled colon and 
bowel wall thickening might be detected on 
CT in two-thirds of patients with COVID-19 
who reported no abdominal symptoms.7 
Other reports have highlighted the absence 
of any CT findings in patients with COVID-19 
with acute abdominal pain.24 The discrepan-
cy between our results and those of some 
other reports may be due to a lack of stan-
dardization in the severity of symptoms. 

When reviewing the CT images of pa-
tients, laboratory test results should be con-
sidered. Therefore, in our study, we investi-
gated the laboratory test results of patients 
and their potential association with the ab-
dominal CT findings. Elevated liver function 
tests are a common finding in the course of 
COVID-19.8,25,26 In this study, no specific labo-
ratory test was found to predict ischemic ab-
dominal CT findings. Acute mesenteric artery 
embolism was the only clinical entity in pa-
tients with COVID-19 that was synchronous-
ly elevated by liver enzymes. The D-dimer 
value, which was identified in previous re-
ports as a helpful indicator for ischemic and 
thromboembolic changes in patients with 
COVID-19, was not detected as a specific lab-
oratory test for ischemic abdominal changes 
in our study because a significant increase in 
D-dimer values was detected in both isch-
emic (perivascular infiltration, pneumatosis 
intestinalis, and bowel wall necrosis) and 
non-ischemic CT findings, including acute 
pancreatitis, diverticulitis, and appendicitis.7
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Table 3. Association between abdominal aorta calcification score and abdominal computed tomography finding subgroups

Abdominal CT findings Median AA-CAS
(95% CI for median)

P

Acute mesenteric artery embolism 
(+)
(−)

 
22 (0–41.7)
5 (4–6)

 0.153

Acute mesenteric vein thrombosis 
(+)
(−)

0 (0–29.4)
5 (4–6)

0.109

Non-occlusive mesenteric ischemia 
(+)
(−)

6.5 (3–11.5)
4 (4–6)

0.505

Perivascular infiltration 
(+)
(−)

4.5 (2.3–10)
5 (4–6)

0.858

Bowel wall thickening 
(+)
(−)

5 (3–10)
5 (4–6)

0.506

Pneumatosis intestinalis 
(+)
(−)

32 (9.3–44.4)
5 (4–6)

<0.001

Bowel wall necrosis 
(+)
(−)

20 (4–45.5)
5 (4–6)

0.013

Portal venous gas 
(+)
(−)

31 (13.3–45.8)
5 (4–6)

<0.001

Perforation 
(+)
(−)

3 (0–19.8)
5 (4–7)

0.629

Renal ischemia 
(+)
(−)

14.5 (0.95–45.1)
4 (4–6)

0.099

Small bowel inflammation 
(+)
(−)

4 (2–8.3)
5 (5–6.1)

0.568

Colitis 
(+)
(−)

6 (3–10)
5 (4–6)

0.726

Acute pyelonephritis 
(+)
(−)

16.5 (0–32.1)
5 (4–6)

0.160

Acute cholecystitis 
(+)
(−)

13 (8.6–19.3)
5 (3–6)

0.013

Acute pancreatitis 
(+)
(−)

8.5 (1-14)
5 (4–6)

0.869

Acute diverticulitis 
(+)
(−)

9 (0–23.9)
5 (4–6)

0.941

Acute appendicitis 
(+)
(−)

0 (0–1)
5 (5–7)

<0.001

Bowel obstruction 
(+)
(−) 5 (3–10)

5 (4–6)
0.756

Intra-abdominal malignancy 
(+)
(−)

4 (2.1–6)
5 (4–7)

0.079

AA-CAS, abdominal aorta calcification score; CT, computed tomography; CI, confidence interval.
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Table 4. Association between abdominal computed tomography findings and outcomes of patients with COVID-19

Abdominal CT finding Incidence of death n (%) P 

Acute mesenteric artery embolism 
(+)
(−)

4/10 (40)
221/985 (22.4)

0.305**

Acute mesenteric vein thrombosis 
(+)
(−)

1/6 (16.7)
223/1.014 (22)

1**

Non-occlusive mesenteric ischemia 
(+)
(−)

16/38 (42.1)
233/1.063 (21.9)

0.030*

Perivascular infiltration 
(+)
(−)

19/40 (47.5)
242/1.087 (22.3)

0.007*

Bowel wall thickening 
(+)
(−)

48/120 (40)
219/1.059 (20.7)

<0.001*

Pneumatosis intestinalis 
(+)
(−)

11/12 (91.7)
255/1.165 (21.9)

<0.001*

Intestinal necrosis 
(+)
(−)

8/8 (100)
256/1.159 (22.1)

<0.001*

Portal venous gas 
(+)
(−)

7/9 (77.8)
260/1.171 (22.2)

0.008*

Perforation 
(+)
(−)

6/17 (35.3)
262/1.164 (22.5)

0.345*

Renal ischemia 
(+)
(−)

6/10 (60)
236/1.087 (21.7)

0.042*

Small bowel inflammation 
(+)
(−)

26/73 (35.6)
242/1.108 (21.8)

0.039*

Colitis 
(+)
(−)

39/91 (42.9)
229/1.089 (21)

<0.001*

Pyelonephritis 
(+)
(−)

6/22 (27.3)
257/1.146 (22.4) 0.674*

Acute cholecystitis 
(+)
(−)

11/36 (30.6)
257/1.145 (22.4) 0.378*

Acute pancreatitis 
(+)
(−)

13/38 (34.2)
255/1.142 (22.3) 0.191*

Acute diverticulitis 
(+)
(−)

1/8 (12.5)
267/1.173 (22.8)

1**

Acute appendicitis 
(+)
(−)

51/147 (34.7)
217/1.034 (21)

0.005*

Intestinal obstruction 
(+)
(−)

13/42 (31)
255/1.139 (22.4)

0.316*

Intra-abdominal malignancy 
(+)
(−)

51/147 (34.7)
217/1.034 (21)

0.005*

Overall CT finding 
(+)
(−)

112/360 (31.1)
156/821 (19)

<0.001*

Pearson’s chi-square test* or Fisher’s exact test ** were used. CT, computed tomography; COVID-19, coronavirus disease-2019.
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In our study, we categorized CT find-
ings into ischemic and non-ischemic sub-
groups because it has been established that 
thrombophilia is induced in COVID-19, with 
resulting micro and macrovascular compli-
cations.27 The presence of abdominal CT find-
ings in patients with COVID-19 was found to 
be associated with poorer disease outcomes. 
We found that NOMI, perivascular infiltra-
tion, bowel wall thickening, pneumatosis in-
testinalis, bowel wall necrosis, portal venous 
gas, renal ischemia, small and large bowel 
inflammation, acute appendicitis, and in-
tra-abdominal malignancy were significant-
ly associated with mortality in patients with 
COVID-19. Our results indicate that ischemic 
CT findings in patients with COVID-19 are re-
lated to unfavorable clinical outcomes. Intes-
tinal pneumatosis suggests severe intestinal 
ischemia, which may be because COVID-19 
is associated with coagulopathy.7 Pneuma-
tosis intestinalis has also been reported in 
patients with viral enteritis.28

Since the beginning of the pandemic, 
vascular involvement and subsequent vas-
cular abnormalities have been attributed to 
the tropism of SARS-CoV-2 to the vascular 
system.9 In this study, we also investigat-
ed whether patients with chronic vascular 
disease might be more vulnerable to vessel 
involvement during COVID-19. To test this 
hypothesis, we used the AA-CAS, which rep-
resents calcific atherosclerotic changes in the 
abdominal aorta, as a parameter. We assumed 
that the AA-CAS may also reflect the athero-
sclerotic disease burden in the abdominal 
visceral vessels. The AA-CAS measurement in 
this multicenter study was performed using 
a previously defined method, and the posi-
tive correlation between AA-CAS, age, and 
smoking suggested that the AA-CAS mea-
surement in different centers in this multi-
center study was conducted using the same 
approach, yielding similar results in patients 
with the same atherosclerotic changes in the 
abdominal aorta. A significantly higher AA-
CAS in the ischemic abdominal CT finding 
group than in the non-ischemic group in our 
study suggests that patients with COVID-19 
with a high AA-CAS are more likely to have 
a greater number of ischemic complications 
related to the disease. 

The presence of abdominal CT findings 
in patients with COVID-19 was found to be 
related to poor outcomes and a significant-
ly increased duration of hospital stay and 
mortality rate. The ischemic and non-isch-
emic abdominal CT findings revealed in this 
study represent serious clinical entities such 
as bowel ischemia, hollow viscus perforation, 

inflammation, and renal ischemia, which can 
potentially extend a patient’s hospital stay 
and increase the risk of death. The absence 
of a significant association with severe ab-
dominal CT findings such as mesenteric ar-
tery embolism (n = 4) and mesenteric vein 
thrombosis (n = 1) in our study was attribut-
ed to the low number of patients in these 
groups, which limited the predictability of 
statistical tests. Investigations into the effect 
of abdominal involvement on COVID-19 out-
comes indicated that patients with COVID-19 
with GI symptoms tended to have a relatively 
long course between symptom onset and vi-
ral clearance. They also required longer med-
ical care and hospital stay than patients with 
respiratory symptoms only.29,30 

Our study has several limitations. First, it 
is a retrospective multicenter study, and ex-
tracted medical records of patients from dif-
ferent centers, including clinical information, 
which may vary in terms of institutional treat-
ment approaches. Despite this limitation, our 
study’s multicenter design may be more rep-
resentative of the general patient population 
than that of single-center studies. Second, 
the majority of CT findings were not veri-
fied using traditional gold standards such 
as surgical or pathological correlation. The 
relationship between abdominal CT findings 
and COVID-19 should be assessed with cau-
tion because GI involvement in the virus, in 
particular, depends on a theory suggesting 
that the virus enters the GI walls through the 
ACE-2 receptors. An assessment of abdomi-
nal CT images in 26 different medical centers 
increases heterogeneity in the evaluation of 
CT findings because of radiologists’ different 
opinions on the same findings. To overcome 
this limitation, the CT assessment criteria in 
the abdominal CT findings, such as intesti-
nal wall thickening and perivascular infiltra-
tion, were well defined and were relayed to 
the contributors at the initial phase of the 
study. Third, most studies have investigated 
the presence of ground-glass opacities at 
the base of the lungs as an ancillary finding 
in patients with COVID-19.7 In our study, we 
did not assess this finding. Finally, although 
fecal COVID-19 testing to confirm GI involve-
ment is not a standard clinical approach, the 
absence of fecal COVID-19 testing in our co-
hort may be another limitation that is worth 
mentioning. 

In conclusion, ischemic and non-ischemic 
abdominal CT findings may be encountered 
in patients with COVID-19. The presence of 
abdominal CT findings is related to a long 
hospital stay and unfavorable clinical out-
comes. Moreover, infected patients with a 

high AA-CAS are more likely to have ischemic 
abdominal findings.
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Supplementary Table 1. Table showing differences in age and laboratory tests according to specific CT findings in study cohort

Age ± SD Median AST  
(95% CI for 
median)

Median ALT (95% 
CI for median)

D. bilirubin 95% 
CI for median)

I. bilirubin
(95% CI for 
median)

D-dimer (95% CI for 
median)

Acute mesenteric artery 
embolism
Present (n = 10)
Absent (n = 1009)
P

61.60 ± 24.09
61.20 ± 17.46
0.739

67.5 (21.9–183.6)
30 (29–32)
0.045*

94 (25.5–163.9)
24 (22–25.1)
0.004*

1.67 (0.3–8.67)
0.21 (0.20–0.23)
0.001*

1.55 (0.46–3.59)
0.39 (0.36–0.40)
0.002*

33.5 (6.9–3491.9)
159.5 (99.3–254.3)
0,505

Acute mesenteric vein 
thrombus
Present (n = 6)
Absent (n = 1014)
P

57.83 ± 15.51
61.21 ± 17.55
0.563

93 (15.4–247.1)
30 (29–32)
0.079

39.5 (18.3–240.6)
24 (23–26)
0.091

1 (1-1)
0.21 (0.20–0.23)
0.007*

0.24 (0.16–0.30)
0.39 (0.36–0.40)
<0.001*

444.0 (7–1231.9)
156.5 (89.3–250.3)
0.557

Non-occlusive mesenteric 
ischemia
Present (n = 8)
Absent (n = 1093)
P

70.50 ± 15.82
61.39 ± 17.54
0.114

32 (27–48.7)
30 (29–31)
0.222

30 (20.3–36.8)
24 (22–25)
0.455

0.30 (0.22–0.60)
0.20 (0.20–0.23)
0.035*

0.60 (0.42–0.85)
0.38 (0.35–0.40)
<0.001*

420 (19.9–1253.1)
170.5 (115.3–290.4)
0.148

Perivascular infiltration
Present (n = 40)
Absent (n = 1087)
P

59.52 ± 18.25
61.59 ± 17.55
0.451

34 (28.3–52.7)
30 (29–31)
0.102

27 (17.9–35.7)
24 (22.4–25)
0.976

0.30 (0.22–0.57)
0.21 (0.20–0.23)
0.057

0.62 (0.40–1)
0.38 (0.36–0.40)
<0.001*

793 (94.5–1429.1)
168.3 (112.3–277.7)
0.023*

Bowel wall thickening
Present (n = 120)
Absent (n = 1059)
P

60.53 ± 18.76
61.68 ± 17.29
0.649

31 (28.3–37.6)
30 (28–31)
0.370

24 (19–30)
24 (22–25)
0.518

0.25 (0.19–0.37)
0.21 (0.20–0.23)
0.032*

0.48 (0.42–0.54)
0.36 (0.34–0.39)
<0.001*

243.5 (22.7–604.5)
254 (167–379)
0.378

Pneumatosis intestinalis
Present (n = 12)
Absent (n = 1165)
P

71.83 ± 11.77
61.52 ± 17.43
0.043*

105 (50.3–205.7)
30 (28–31)
<0.001*

52.5 (27.2–227.6)
24 (22–25)
0.021*

0.66 (0.30–1.49)
0.21 (0.20–0.23)
0.001*

0.70 (0.28–1.84)
0.38 (0.35–0.40)
0.056

1469 (24.1–5002.3)
254 (166.3–370.7)
0.043*

Bowel wall necrosis
Present (n = 8)
Absent (n = 1159)
P

69.37 ± 11.62
61.57 ± 1.49
0.234

165.5 (44.9–450.5)
30 (28–31)
0.002*

54.5 (23.3–403.4)
24 (22–25)
0.034*

0.43 (0.19–13.5)
0.21 (0.20–0.23)
0.034*

0.65 (0.22–6.47)
0.37 (0.35–0.39)
0.267

1577.5 (165.2–7677.8)
245.5 (157.8–350)
0.025*

Air in the portal venous 
system
Present (n = 9)
Absent (n = 1171)
P

76.77 ± 12.86
61.46 ± 17.43
0.007*

99 (34.4–206)
30 (28–31)
0.003*

45 (27.3–231.7)
24 (22–25)
0.033*

0.66 (0.20–8.75)
0.21 (0.20–0.23)
0.022*

0.77 (0.28–10.1)
0.38 (0.36–0.40)
0.051

200 (16.5–6688.1)
254 (167–370)
0.253

Perforation
Present (n = 17)
Absent (n = 1164)
P

60.17 ± 17.62
61.61 ± 17.44
0.576

40 (29–63.7)
30 (28–31)
0.211

34 (21.5–49.6)
24 (22–25)
0.224

0.19 (0.11–0.57)
0.21 (0.20–0.23)
0.924

0.35 (0.17–0.63)
0.38 (0.36–0.40)
0.921

7 (2.5–1397.4)
254 (167–300)
0.892

Renal ischemia
Present (n = 10)
Absent (n = 1087)
P

69.9 ± 15.3
61.4 ± 17.5
0.156

55 (23.5–786.8)
30 (28–31)
0.085

74 (21.6–447.8)
24 (22–25)
0.006*

0.30 (0.13–1.57)
0.22 (0.20–0.23)
0.312

0.54 (0.32–2.21)
0.38 (0.36–0.40)
0.102

502.5 (8.4–3186.5)
240 (150.3–350.4)
0.233

Small bowel inflammation
Present (n = 73)
Absent (n = 1108)
P

56.94 ± 18.86
61.90 ± 17.31
0.018*

31 (24–37)
30 (28–31)
0.964

21 (15.4–30.6)
24 (22.2–25)
0.284

0.30 (0.20–0.51)
0.21 (0.20–0.23)
0.010*

0.44 (0.37–0.56)
0.37 (0.35–0.40)
0.008*

24 (9–452.9)
282.5 (175.3–389.9)
0.857

Colitis
Present (n = 91)
Absent (n = 1089)
P

59.59 ± 17.33
61.76 ± 17.45
0.229

30 (25.3–35.7)
30 (28–31)
0.577

24.8 (19.3–31)
24 (22–25)
0.966

0.24 (0.17–0.37)
0.21 (0.20–0.23)
0.133

0.47 (0.38–0.55)
0.37 (0.35–0.40)
0.002*

55.3 (13.6–467.3)
269.5 (170.2–387.9)
0.695

Acute pyelonephritis
Present (n = 22)
Absent (n = 1146)
P

62.36 ± 20.50
61.48 ± 17.42
0.622

28 (16.8–38.8)
30 (28–31)
0.487

22 (16.7–44.6)
24 (22–25)
0.516

0.19 (0.11–0.45)
0.21 (0.20–0.23)
0.547

0.36 (0.19–0.46)
0.38 (0.35–0.40)
0.369

494.5 (5.8–1331.1)
257.5 (170.3–386.8)
0.568

Acute cholecystitis
Present (n = 36)
Absent (n = 1145)
P

70.27 ± 15.39
61.32 ± 17.44
0.001*

39 (32.4–65.7)
30 (28–31)
0.045*

29.5 (14–58.3)
24 (22–25)
0.578

0.37 (0.25–0.57)
0.21 (0.20–0.22)
0.001*

0.51 (0.37–0.79)
0.37 (0.35–0.40)
0.003*

560.2 (8.6–1320.4)
250 (165.2–350)
0.576
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Acute pancreatitis
Present (n = 38)
Absent (n = 1142)
P

62.94 ± 16.80
61.56 ± 17.47
0.667

48 (33.7–74.3)
29 (28–31)
0.001*

46.5 (27.7–84.7)
24 (22–25)
0.001*

0.34 (0.26–0.51)
0.21 (0.20–0.22)
0.017*

0.41 (0.29–0.67)
0.38 (0.35–0.40)
0.183

1231.3 (376.5–2541.1)
235 (155.1–346.8)
0.006*

Acute diverticulitis
Present (n = 8)
Absent (n = 1173)
P

65.87 ± 23.04
61.56±17.40
0.370

30 (15–419.5)
30 (28–31)
0.781

21.5 (13.5–281.3)
24 (22–25)
0.889

0.13 (0.10–0.25)
0.21 (0.20–0.23)
0.153

0.34 (0.16–1.01)
0.38 (0.35–0.40)
0.762

2092.8 (212.2–
11243.5)
250 (165.3–350)
0.032*

Acute appendicitis
Present (n = 18)
Absent (n = 1160)
P

40.94 ± 19.98
61.90 ± 17.23
<0.001*

22 (19–35.6)
30 (29–31)
0.129

21 (17.3–24.7)
24 (22–25)
0.380

0.19 (0.11–0.45)
0.21 (0.20–0.23)
0.546

0.44 (0.26–0.54)
0.38 (0.35–0.40)
0.951

1.5 (0.6–82.1)
284 (173.3–390)
0.011*

Bowel obstruction
Present (n = 42)
Absent (n = 1139)
P

59.19 ± 15.34
61.68 ± 17.51
0.257

32 (27.4–46.8)
30 (28–31)
0.107

25 (19.5–33.5)
24 (22–25)
0.905

0.28 (0.15–0.43)
0.21 (0.20–0.23)
0.212

0.49 (0.40–0.77)
0.37 (0.35–0.40)
<0.001*

370 (28.7–376.5)
250 (161.6–351.4)
0.124

Intraabdominal malignancy
Present (n = 147)
Absent (n = 1034)
P

59.99 ± 14.61
61.82 ± 17.80
0.257

32 (28–39)
29 (28–31)
0.362

25 (20–32)
24 (22–25)
0.884

0.30 (0.22–0.41)
0.20 (0.19–0.22)
<0.001*

0.45 (0.40–0.51)
0.36 (0.35–0.39)
<0.001*

134 (10.5–501.6)
266 (170–390)
0.600

*Represents statistical significance. Data were summarized as mean ± SD for normal distributed variables and, median (95% CI for median) for non-normal distributed variables. ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; SD, standard deviation; CI, confidence interval.

Supplementary Table 1. continued

Age ± SD Median AST  
(95% CI for 
median)

Median ALT (95% 
CI for median)

D. bilirubin 95% 
CI for median)

I. bilirubin
(95% CI for 
median)

D-dimer (95% CI for 
median)
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PURPOSE
In Budd–Chiari syndrome (BCS), unevenly distributed parenchymal changes and perfusion abnor-
malities occur due to hepatic venous outflow obstruction. This study aimed to evaluate the changes 
in the liver parenchyma in BCS using the quantitative magnetic resonance (MR) techniques of MR 
elastography, T1 and T2 mapping, and diffusion imaging and correlate the quantitative MR param-
eters through biochemical results and prognostic indices.

METHODS
Fourteen patients with BCS (seven men and seven women) were examined retrospectively. Liver 
stiffness (kPa), T1 relaxation times (ms) were achieved using the modified Look–Locker inversion 
recovery (MOLLI) 3(2)3(2)5 sequence and B1-corrected variable flip angle methods, T2 relaxation 
times (ms), and apparent diffusion coefficient (ADC) values (mm2/s) were measured using regions of 
interest placed in the same region in all quantitative methods. Measurements were repeated at the 
precontrast and postcontrast hepatobiliary phases. The reduction rate  (RR; %) and adjusted post-
contrast T1 (%) were calculated. The values obtained from different liver parenchyma areas (whole 
liver, caudate lobe, pathological T2 hyperintense tissue, and relatively preserved normal-appearing 
tissue) were compared using the Wilcoxon signed-rank test. Spearman’s correlation coefficient was 
used to investigate the correlation between quantitative MR parameters and biochemical parame-
ters/prognostic scores (Child–Pugh score, Clichy score, and Rotterdam index).

RESULTS
The parenchymal stiffness and precontrast T1 values of the caudate lobe were significantly lower 
than those of the remainder of the parenchyma, whereas the adjusted postcontrast T1 percentages 
(MOLLI) were significantly higher (P ≤ 0.027). The parenchymal stiffness value, T1 and T2 values, 
percentages of RR (MOLLI), and adjusted postcontrast T1 values for the pathological tissue and 
relatively normal tissue were significantly different (P < 0.028). No significant difference was found 
in terms of ADC values between any of the distinct regions of the liver.

A strong correlation was detected between the Child–Pugh score, Clichy score, and precontrast T1 
values obtained through the MOLLI sequence (r = 0.867, P = 0.012, r = 0.821, P = 0.023, respectively). 
No correlation was found between the whole liver stiffness values and the laboratory parameters, 
fibrosis markers, prognostic indices, or MR parameters. A significant correlation was identified be-
tween creatinine levels and several T1 parameters and the T2 relaxation time (r ≥ 0.661, P ≤ 0.052).

CONCLUSION
Tissue stiffness and T1 relaxation values are high in the areas identified as fibrosis compared with 
those in the relatively preserved parenchyma. The T1 relaxation time can offer quantitative informa-
tion for assessing segmental functional changes and prognosis in BCS.
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B udd–Chiari syndrome (BCS) is a rare vas-
cular disorder that develops as a result 
of the obstruction of hepatic venous 

drainage at any level between the hepatic 
venules and the right atrium. Liver damage 
in BCS is uneven, and the distribution and se-
verity of parenchymal involvement vary ac-
cording to the site and length of the venous 
segment involved as well as the chronicity of 
the disease process.1,2 

The histological changes (congestion, 
loss of hepatocytes without inflammatory 
infiltrates, coagulative necrosis, and/or fibro-
sis) in BCS are not pathognomonic. Given the 
diagnostic effectiveness of radiologic studies 
such as magnetic resonance imaging (MRI), 
liver biopsy is not usually necessary for the 
diagnosis. A biopsy is only essential for con-
firming BCS in the case of small intrahepatic 
vein obstruction in the presence of preserved 
large veins during imaging.3

As a non-invasive method, conventional 
MRI is relatively accurate (with a sensitivity 
and specificity >90%) for detecting the pa-
renchymal changes and perfusional abnor-
malities observed in BCS.4 Quantitative MRI 
techniques such as MR elastography (MRE), 
T1 and T2 mapping, and apparent diffusion 
coefficient (ADC) measurements are known 
to be useful in evaluating congestive, ne-
crotic, and fibrotic changes in the hepatic 
tissue.5-7 Because the venous obstruction af-
fects the liver in a heterogeneous way, dam-
age to the liver parenchyma also becomes 
unevenly distributed.8 To our knowledge, this 
uneven parenchymal involvement and the 
deterioration of regional and global hepatic 
function in BCS have not been extensively 
studied using MR quantification techniques.

This study aims to utilize the quantitative 
MR techniques of MRE, T1 and T2 mapping, 
and diffusion-weighted imaging (DWI) in 

BCS to evaluate changes in the liver paren-
chyma caused by hepatic venous outflow 
obstruction and correlate quantitative MR 
parameters using laboratory parameters and 
prognostic indices.

Methods

Study participants

This study was approved by the Human 
Research Ethics Committee of the Faculty of 
Medicine, Ankara University (06/25/2021; I5-
366-21), and written informed consent was 
waived because of the study’s retrospective 
design. The BCS diagnosis was based on im-
aging findings. The data eligible for this study 
were obtained from patients with BCS who 
underwent MRE, T1 and T2 mapping, and 
DWI in addition to a standard unenhanced 
and dynamic gadoxetic-acid-enhanced liver 
examination. 

Twenty-two MR examinations, including 
through quantitative techniques, performed 
between November 2017 and November 
2021, of 14 patients with BCS (seven men, 
seven women; median age, 35 years; age 
range, 20–60 years) were reanalyzed. Of the 
patients who received multiple scans, only 
the measurements on the parametric maps 
of recent examinations were used for statis-
tical evaluation. The demographic variables 
(known duration of disease, etiologic/predis-
posing factors, which veins are occluded, en-
dovascular treatment performed, and prog-
nostic indices) are presented in Table 1. The 
results of laboratory tests [including alanine 
transaminase and aspartate transaminase 
(AST), serum bilirubin, prothrombin time 
(PT), international normalized ratio (INR), 
serum albumin, platelet count, serum creat-
inine, and serum sodium] from the visit clos-
est to the MRI examination were recorded. 
The prognostic indices for BCS (Child–Pugh 
score, Clichy index, and Rotterdam BCS index) 
were calculated. For the Child–Pugh score, 
five variables (serum bilirubin, albumin, INR, 
ascites, and hepatic encephalopathy) were 
scored 1–3, with 3 indicating the most severe 
abnormality. Based on these variables, the 
patients were classified into categories A to 
C. The Clichy index was calculated as follows: 
(ascites score × 0.75) + (age × 0.037) + (Child–
Pugh score × 0.28) + (age × 0.037) + (creati-
nine × 0.0036), where ascites was scored as 
absent, controlled with sodium restriction or 
diuretics, or resistant to medical treatment 
(scored as 1, 2, or 3, respectively). The Rot-
terdam BCS index was calculated as follows: 
(1.27 × encephalopathy) + (1.04 × ascites) + 
(0.72 × PT) + (0.004 × bilirubin), where ascites 

and hepatic encephalopathy were scored as 
present (1) or absent (0) and PT as higher (1) 
or equal/lower (0) than an INR of 2.3.9

In addition, the fibrosis score of the AST 
to platelet ratio index was determined. As re-
ported previously, acute disease was defined 
as a clinical duration of less than one month, 
subacute disease from one to six months, and 
chronic disease as longer than six months.10 
In this study, all cases were considered to be 
chronic BCS because the disease duration 
after diagnosis was longer than six months. 
The presence of intrahepatic collaterals, 
which are known to occur several months af-
ter thrombosis, in all patients also suggested 
the chronicity of the disease. A transjugular 
intrahepatic portosystemic shunt (TIPS) was 
performed in three of the patients. How-
ever, because we aimed to determine how 
the chronic parenchymal changes would be 
reflected when using quantitative methods, 
we did not exclude these patients.

Magnetic resonance image acquisition

All images were acquired using a 1.5-T MR 
scanner (Aera, Siemens Healthcare, Erlangen, 
Germany) after a 6-h fast. Standard body and 
spine matrix coils were used. A routine MR 
protocol consisting of a coronal T2-weight-
ed half-fourier acquisition single-shot turbo 
spin echo, transverse T2-weight ed fat-sup-
pressed BLADE, transverse T2-weighted 
BLADE, and DWI were used in all patients. 
Gadoxetic acid (Primovist, Bayer Healthcare, 
Leverkusen, Germany) was administered in-
travenously using an automatic injector at a 
rate of 4 mL/s for a total dose of 0.025 mmol/
kg body weight, followed by a 25-mL saline 
flush. After the unenhanced phase, the arte-
rial phase (25 s), portal venous phase (60 s), 
delayed phase (100–120 s), transient phase 
(about the tenth minute), and hepatobiliary 
(HB) phase (about the twentieth minute) 
were acquired using a fat-suppressed T1 
volumetric interpolated breath-hold exam-
ination sequence. 

Magnetic resonance elastography 

MRE was performed using a phase-con-
trast two-dimensional gradient recalled echo 
sequence. Four 10-mm-thick transverse slices 
through the largest cross-section of the liver 
were obtained with breath holds at end-ex-
piration. The parameters used for MRE were 
as follows: repetition time/echo time (TR/TE): 
50/27.5 ms; flip angle: 25°; field of view (FOV): 
400 × 300 mm; matrix: 48 × 128, slice thick-
ness: 10 mm; averages: 1; wave frequency: 
60 Hz; motion encoding gradient frequency: 

Main points

• T1 mapping provides absolute and compa-
rable data that can be used to estimate the 
heterogeneous distribution of liver function 
in patients with Budd–Chiari syndrome 
(BCS).

• The Child–Pugh score and serum creatinine 
level, which are important determinants of 
prognosis in BCS, were correlated with the 
liver T1 relaxation time.

• The combined use of T1 mapping and mag-
netic resonance (MR) elastography is ben-
eficial because tissues with high stiffness 
values on MR elastograms may be compati-
ble with congestion if they appear relatively 
preserved on T1 maps. 
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60 Hz; bandwidth: 250 Hz/pixel; and gener-
alized autocalibrating partially parallel ac-
quisitions (GRAPPA) reduction factor: 2; the 
scanning time of each slice was 17 s, and the 
total examination time was approximately 2 
min, including four breath-hold and resting 
periods. Stiffness maps (elastograms), confi-
dence maps, and wave images were then re-
constructed using postpro cessing software. 

T1 mapping

A modified Look–Locker inversion re-
covery (MOLLI) technique was used for the 
precontrast (native) and contrast-enhanced 
T1 mapping. An electrocardiog raphy-gated 
3(2)3(2)5 sam pling scheme was acquired 
with a balanced steady-state-free preces sion 
sequence. For T1 mapping, a single 10-mm-
thick slice was taken from the same axial 
plane and selected for stiffness measure-
ments in the elastogram confidence map. 

The MOLLI 3(2)3(2)5 scheme was ob-
tained with the following parameters: TR/

TE: 419/1.69 ms; inversion time: 260 ms; flip 
angle: 50°; FOV: 390 × 313 mm; matrix: 180 
× 224; slice thickness: 10 mm; fat saturation: 
spectral adiabatic inversion recovery (SPAIR); 
averages: 1; bandwidth: 603 Hz/pixel; and 
GRAPPA reduction factor: 2. The acquisition 
time was 10–20 s. Inline T1 maps were con-
structed at the scanner using vendor-sup-
plied software.

A B1 inhomo geneity-corrected volumetric T1 
map using a variable flip angle (VFA) method 
was also performed for each participant. Car-
diac gating was not used for the VFA method. 
Multisection data (72 slic es) were obtained 
with a breath hold of 19 s. The sequence pa-
rameters were as follows: TR/TE 4.3/2.08 ms; 
flip angle: 3° and 15°; FOV: 380 × 309 mm; 
matrix: 156 × 256; slice thickness: 3.5 mm; 
distance factor: 20%; averages: 3; bandwidth: 
350 Hz/pixel; and controlled aliasing in vol-
umetric parallel imaging reduction factor: 2; 
the acquisition time was approximately 20 s. 
Although multiple slices were taken during 
the B1-corrected volumetric T1 mapping, 

only one slice plane, from which the tissue 
stiffness was measured, was used for quan-
titative analysis. 

T2 mapping 

The T2 mapping was performed using a 
fast low-angle shot inversion-re covery gra-
dient echo (FLASH) se quence with a slice 
thickness of 10 mm. Cardiac gating was used 
to time the image acquisition. Each slice had 
the same trans verse anatomic level as in the 
T1 mapping. The sequence-specific param-
eters of the FLASH T2 mapping were as fol-
lows: TR/TE: 207/1.06 ms; flip angle: 12°; FOV: 
360 × 289 mm; matrix: 116 × 192; slice thick-
ness: 10 mm; averages: 1; bandwidth: 1184 
Hz/pixel; and GRAPPA reduction factor: 2; the 
acquisition time was 7–12 s.

Diffusion-weighted imaging

The DWI technique was performed based 
on free breathing using fat-suppressed 
echo-planar imaging (EPI). Diffusion gradi-
ents at b values of 50, 400, and 800 s/mm2 

Table 1. Clinical and magnetic resonance image data of the 14 patients with Budd–Chiari syndrome

Case Sex Age (y) Known 
duration 

(y)

Etiology/predisposing 
factor

Obstructed 
veins

Vascular 
intervention

CP class Rotterdam 
score

Clichy 
score

CP 
score

APRI 
score

1 F 28 5

Factor V Leiden mutation
(heterozygote)

Protein C and S deficiency
Oral contraceptive

Obesity
Smoking

RHV, MHV TIPS A 0.65 3.234 5 0.20

2 F 30 1 -* MHV, LHV A 0.37 3.28 5 0.28

3 M 59 1 Essential thrombocytosis RHV, LHV, MPV A 0.31 4.361 5 0.23

4 M 31 7 - MHV, LHV TIPS B 1.91 5.19 9 1.13

5 F 32 9
Resistance to activated 

protein C
Oral contraceptive

RHV B 1.12 3.916 7 0.88

6 M 20 1
FMF

Antiphospholipid 
syndrome

RHV, MHV B 1.2 3.473 7 0.36

7 F 60 2? Factor V Leiden mutation
(heterozygote)

RHV, MHV 
LHV, RPV A 0.22 4.39 5 0.40

8 M 40 10 - RHV, MHV TIPS A 1.01 3.644 5 0.42

9 F 37 18 Factor V Leiden mutation
(homozygote)

RHV, MHV 
LHV C 0.51 5.693 10 0.74

10 M 33 3 -
Smoking RHV A 3.07 3.396 5 0.12

11 M 45 15 -
Smoking

RHV, MHV
LHV B 0.45 4.404 7 0.27

12 F 45 13
Protein C and S deficiency
Factor V Leiden mutation

Oral contraceptive
MHV, LHV A 1.09 4.18 6 0.77

13 M 24 4 Factor V Leiden mutation RHV, MHV, IVC B 0.3 4.648 8 0.54

14 F 43 10 - RHV A 2.21 3.762 5 0.30

*, etiology is not determined; y, years; CP, Child–Pugh; APRI, aspartate transaminase to platelet ratio index; RHV, right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; 
MPV, main portal vein; RPV, right portal vein; IVC, inferior vena cava; FMF, familial mediterranean fever; TIPS, transjugular intrahepatic portosystemic shunt; F, female; M, male.
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were used. Images were obtained with the 
following parameters: TR/TE: 6.700/56 ms; 
EPI factor: 120; bandwidth: 2.332 Hz/pixel; 
FOV: 380 × 90 mm; matrix size: 134 × 100; 
averages: 2; slice thickness: 6 mm; distance 
factor, 20% (1.2 mm); and GRAPPA reduction 
factor: 2; in addition, SPAIR fat suppression 
was used. The acquisition time was approx-
imately 2.40 min.

Image analysis

The quantitative analysis of  the hepatic 
parenchyma and T1 measurements of the 
spleen was  performed by an experienced 
radiologist (D.K.Ö.) on parametric maps at 
a workstation (Syngo Via, Siemens Medical 
Systems, Erlangen, Germany). 

To determine liver stiffness (kPa), T1 
and T2 relaxation times (ms), and ADC val-
ues (mm2/s), regions of interest (ROI) were 
placed at identical locations in each se-
quence, excluding large vessels and imaging 
artifacts. The T1 relaxation times of the liver 
and spleen before and 20 min after gadox-
etic acid administration were measured at 
the same slice level of the T1 maps acquired 
using the MOLLI 3(2)3(2)5 sequence and 
B1-corrected VFA technique. Measurements 
were taken from the whole liver, the caudate 
lobe, and the rest of the liver parenchyma 
(excluding the caudate lobe) using the free-
hand geographic ROI method. Simultane-
ously, the pathologic [hyperintense areas on 
T2-weighted images (T2WIs)] and  relatively 
preserved (normal-appearing) areas were 
quantitatively assessed by drawing circular 
ROIs (approximately 200 mm2). The mea-
surements were repeated three times, and 
the averaged values were used for statistical 
analysis.

Gadoxetic acid-enhanced MRI-based liver 
function indices using the T1 relaxation time 
were calculated in the following manner, as 
described previously:11 

Reduction rate (RR) of T1 relaxation time = 
 [(T1 liver precontrast − T1 liver HB) / T1 liver 
precontrast] × 100 

The adjusted postcontrast T1 was calcu-
lated as described by Yoon et al.12 using the 
following formula:

Adjusted postcontrast T1 = (T1 liver HB − 
T1 spleen/T1 spleen HB) × 100

To estimate the interobserver agreement, 
another radiologist (M.A.) also performed 
measurements from the same sequences.

Statistical analysis

All statistical analyses were performed us-
ing SPSS software for Windows, version 11.5. 
Descriptive statistics using the median (with 
minimum and maximum) were performed 
to present the clinical characteristics of the 
study participants and for the quantitative 
MR liver name abbreviation added function 
parameters.  The Wilcoxon signed-rank test 
was used to compare the results of the quan-
titative parameters obtained from different 
regions of the liver. Spearman’s correlation 
coefficient was used to measure the strength 
of correlation between the quantitative MR 
parameters and biochemical parameters and 
prognostic scores, where the value r = 1 rep-
resented a strong positive correlation and 
the value r = −1 was a strong negative cor-
relation.  The interobserver agreement was 
examined using the intraclass correlation co-
efficient (ICC). A P of <0.050 was considered 
statistically significant. 

Results
The venous obstruction sites of the 14 

patients with BCS involved in the study are 
presented in Table 1. 

Comparison of quantitative parameters in 
the caudate lobe and the rest of the liver 
parenchyma

The median (minimum–maximum) stiff-
ness, T1 (MOLLI sequence and B1-corrected 
VFA technique), T2, and ADC values in the 
caudate lobe and the remainder of the liver 
parenchyma are shown in Table 2. The MOLLI, 
T1 mapping, and T2 mapping measurements 
were performed on 10 patients.

The caudate lobe median stiffness value 
was significantly lower than that of the other 
parts of the parenchyma (3.29 vs. 5.07 kPa, P 
= 0.001).

A significant difference in the precon-
trast MOLLI T1 relaxation time (P = 0.012), 
precontrast B1-corrected VFA (P = 0.006), 
and adjusted postcontrast T1 (P = 0.027) 
was identified. The T1 values obtained using 
both mapping techniques were significantly 
lower in the caudate lobe than in the other 
parts of the parenchyma (Table 2). The T1 RR 
on both the MOLLI and B1-corrected VFA im-
ages revealed no significant difference (60% 
vs. 59%, P = 0.172; 67% vs. 66%, P = 0.399, re-
spectively).

In addition, no significant difference was 
found in terms of median T2 value (P = 0.141) 
or ADC value (P = 0.346) (Table 2). 

Comparison of quantitative parameters in 
areas seen as hyperintense on T2-weighted 
images and the relatively preserved paren-
chyma

The median (minimum–maximum) stiff-
ness, T1, T2, and ADC values in areas seen 
as hyperintense on the T2WIs and relatively 
preserved normal-appearing liver parenchy-
ma are presented in Table 2. 

The T2 hyperintense region median tissue 
stiffness was significantly higher than that of 
the relatively normal-appearing liver paren-
chyma (6.14 vs. 2.96 kPa, P = 0.001) (Figure 
1a, b). 

Moreover, the median T2 relaxation time 
corresponding to the T2 hyperintense re-
gions on the T2 map was significantly high-
er (55.5 ms) than that of the relatively nor-
mal-appearing liver parenchyma (50 ms) (P = 
0.030) (Figure 1c).

The median T1 relaxation time corre-
sponding to the T2 hyperintense regions in 
both mapping techniques was significantly 
higher than that of the relatively normal-ap-
pearing liver parenchyma (Table 2) (Figure 
1d-g). The RR of the T1 relaxation time in the 
region corresponding to the hyperintense 
areas on the T2WIs (50%) was significantly 
lower than that of the relatively preserved 
parenchyma (61%) on the MOLLI sequence 
images (P = 0.028). However, no significant 
difference was found in the RR (%) of the T1 
relaxation time (67% vs. 68%) (P = 0.475) on 
the T1 map achieved using the B1-corrected 
VFA technique. 

The adjusted postcontrast T1 values 
(MOLLI and B1-corrected VFA) correspond-
ing to the T2 hyperintense regions were sig-
nificantly lower (93.5 and 136 ms) than those 
of the relatively normal-appearing liver pa-
renchyma (128 and 147 ms) (P = 0.028 and 
0.024, respectively).

The median ADC value obtained from the 
areas corresponding to the hyperintense ar-
eas on the T2WIs was not statistically differ-
ent from that obtained in the areas evaluat-
ed as relatively preserved (1.167 10-3 vs. 0.969 
10-3 mm2/s, P = 0.173).

Correlation between the quantitative mag-
netic resonance data and laboratory pa-
rameters, clinical scores, and prognostic 
indices

The median (minimum–maximum) values 
of the quantitative MR parameters measured 
from the entire cross-sectional surface of the 
liver are presented in Table 3.
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No correlation was found between the 
whole liver stiffness values measured from 
the MR elastograms and the laboratory pa-
rameters/clinical scores and prognostic in-
dices. 

The platelet count was negatively cor-
related with the T1 relaxation time of the 
liver in the precontrast MOLLI sequence (r 
= −0.893, P = 0.007). A strong positive cor-
relation was found between the Child–Pugh 
score and T1 relaxation times of the liver in 
both the precontrast MOLLI (r = 0.867, P = 
0.012) and precontrast B1-corrected VFA  
(r = 0.621, P = 0.055) sequences. A strong 
positive correlation was identified between 
the direct bilirubin and T1 relaxation time in 
the precontrast B1-corrected VFA sequence 
(r = 0.703, P = 0.035). 

The adjusted postcontrast T1 values 
showed a marginally significant, strong pos-
itive correlation with the AST level (r = 0.872, 
P = 0.054).

The Clichy score was positively correlat-
ed with the T1 relaxation time of the liver in 
the precontrast MOLLI sequence (r = 0.821,  
P = 0.023). 

Table 2. Comparison of the quantitative parameters of magnetic resonance elastography, T1 and T2 mapping, and the apparent diffusion 
coefficient in the caudate lobe vs. rest of the parenchyma and in areas seen as hyperintense on T2-weighted images vs. relatively preserved 
parenchyma 

Parameters Caudate lobe 
median (min–max)

Rest of parenchyma 
median (min–max)

P T2 hyperintense areas 
median  

(min–max)

Relatively preserved 
parenchyma median  

(min–max)

P

Stiffness value (kPa) 3.29
(1.69–5.54)

5.07
(2.78–8.30) 0.001 6.14

(3.44–12.13)
2.96

(1.53–4.88) 0.001

Precontrast T1 value
MOLLI 3(2)3(2)5*

778
(617–933)

867.5
(645–1.049) 0.012 1.105.5

(729–1.471)
699.5

(579–944) 0.012

Postcontrast T1 value
MOLLI 3(2)3(2)5*

329
(198–419)

386
(225–452) 0.018 493

(298–798)
309

(163–416) 0.018

RR (%)
MOLLI 3(2)3(2)5*

60
(40–71)

59
(38–65) 0.172 50

(34–62)
61

(36–77) 0.028

Adj. postcontrast T1
MOLLI 3(2)3(2)5*

120.5
(75–133)

112
(71–129) 0.027 93.5

(65–119)
128

(94–137) 0.028

Precontrast T1 value
B1-corrected VFA

928
(525–1.111)

1,048
(655–1.347) 0.006 1,014

(643–1.791)
833

(598–1.008) 0.004

Postcontrast T1 value
B1-corrected VFA

317
(157–481)

336
(151–567) 0.086 354

(151–820)
269

(136–429) 0.021

RR (%)
B1-corrected VFA

67
(36–78)

66
(53–77) 0.399 67

(35–81)
68

(28–79) 0.475

Adj. postcontrast T1
B1-corrected VFA

140
(87–191)

136
(77–185) 0.058** 136

(82–177)
147

(91–201) 0.024

T2 value in FLASH* 54.5
(38–453)

54.5
(41–629) 0.141 55.5

(48–76)
50

(39–59) 0.030

ADC value
(10-3 mm2/s)

1.012
(0.891–2.041)

1.049
(0.910–1.294) 0.346 1.167

(0.853–1.847)
0.969

(0.851–1.505) 0.173

*, evaluated in 10 patients; **, marginally significant, T1 and T2 values are in ms; MOLLI, modified Look–Locker inversion recovery; RR, reduction rate; Adj, adjusted; VFA, variable 
flip angle; FLASH, fast low-angle shot; ADC, apparent diffusion coefficient.

Table 3. Quantitative magnetic resonance parameters measured from the entire cross-
sectional surface of the liver

Quantitative MR parameters Median (min–max)

Stiffness value (kPa) 5.07 (2.78–8.30)

Precontrast T1 value*
MOLLI 3(2)3(2)5 867.5 (645–1.049)

Postcontrast T1 value*
MOLLI 3(2)3(2)5 386 (225–452)

Reduction rate (%)*
MOLLI 3(2)3(2)5 59 (38–65)

Adjusted postcontrast T1
MOLLI 3(2)3(2)5* 112 (71–129)

Precontrast T1 value 
B1-corrected VFA 1.048 (655–1.347)

Postcontrast T1 value 
B1-corrected VFA 336 (151–567)

Reduction rate (%)
B1-corrected VFA 66 (53–77)

Adjusted postcontrast T1
B1-corrected VFA 136 (77–185)

T2 value* 52.9 (41–62.9)

*, evaluated in 10 patients; MOLLI, modified Look–Locker inversion recovery; VFA, variable flip angle T1 
and T2 values are in ms.
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No significant correlation was found be-
tween the MR parameters and Rotterdam 
index. 

Serum creatinine levels exhibited a strong 
positive correlation with the T1 relaxation 
time of the liver in the postcontrast MOLLI 
sequence (r = 0.829, P = 0.042) and the pre-
contrast (r = 0.661, P = 0.053) and postcon-
trast (r = 0.750, P = 0.052) B1-corrected VFA 
sequences. The RR was negatively correlat-
ed with the creatinine level (r = −0.943, P = 
0.005), and the serum creatinine level had a 
strong positive correlation with the T2 relax-
ation time in the FLASH sequence (r = 0.857, 
P = 0.014). A strong negative relationship 
was identified between the serum sodium 
level and T1 relaxation time of the liver in the 
postcontrast MOLLI sequence (r = −0.928, P 
= 0.008).

Interobserver agreement 

The ICC for all the measured parameters 
was excellent [ICC ≥ 0.911, (95% confidence 
interval, 0.651–0.981), P < 0.001]. 

Important qualitative findings observed on 
parametric magnetic resonance maps

In five patients, focal tissues that appeared 
normal on the T2WIs and T1 and T2 paramet-
ric maps were coded in yellow and/or red (in-
dicating high stiffness) on the MREs (Figure 
2). All of these patients (except one on which 
a contrast-enhanced examination could not 
be performed because of a previous history 
of a contrast media-related severe reaction) 
exhibited mottled parenchymal contrast en-
hancement, which is accepted as a manifes-
tation of passive congestion of the liver. 

In one patient, a segmental region, which 
seemed completely normal on the T2WI, ex-
hibited abnormal findings when using map-
ping techniques and MRE.

Hepatocellular carcinoma was detected 
in two patients, and three patients, two of 
whom had undergone TIPS, had benign re-
generative nodules in the liver.

Discussion
In the present study, quantitative MRI  

techniques enabled us to extract numeric 
data from parametric maps to assess of the 
parenchymal changes relative to normal-ap-
pearing (relatively preserved) tissues in BCS. 
Although the RR of the T1 relaxation time 
was not different, tissue stiffness and T1 re-
laxation values were lower in the caudate 
lobe than in the rest of the parenchyma, as 
expected. The ADC values, however, did not 
differ between normal-appearing and ab-
normal-appearing areas, including in the 
caudate lobe.

Edema and congestion, the important 
parenchymal alterations of acute BCS, are 
not prominent features in chronic BCS, as 
later stages are characterized by changes 
in fibrosis.10 As BCS becomes chronic, T2 hy-
perintense areas become more prominent 
in the subcapsular regions of the liver. Since 
the BCS history of the study participants 
was longer than six months, we considered 
that such T2 hyperintense areas may reflect 
fibrosis caused by chronic BCS. Our results 
revealed that the T1 and T2 relaxation times 
were longer and stiffness values high in T2 
hyperintense tissues compared with those 
of relatively preserved parenchyma (Table 2). 
The RR of the T1 relaxation time in the region 
corresponding to the hyperintense areas on 
the T2WIs (50%) was significantly lower than 
that in the other parts of the parenchyma 
(61%) on the MOLLI sequence images. High 
signal intensity characteristics on the T2WIs 
can be explained in part by the large water 
content of advanced fibrosis, which leads to 
prolonged T1 and T2 relaxation times.13 

In addition to the staging of liver fibrosis, 
the potential role of elastography methods 
in assessing liver tissue stiffness has also 
been investigated in BCS.14 Studies using ul-
trasound (US) elastography in BCS generally 
aim to evaluate parenchymal stiffness before 
and after vascular interventions. In these 
studies, a significant reduction in liver stiff-
ness was found after treatment with balloon 
angioplasty.15,16

MRE is generally accepted as superior 
to US elastography because the latter has 
significant limitations, such as operator de-
pendence and measurement difficulties, in 
cases of ascites and severe obesity.17 Current-
ly, there is a paucity of data in this context, 
and only two studies by the same author 
have reported MRE results in BCS.18,19 The 

Figure 1. Magnetic resonance images acquired from a 32-year-old woman with occluded right and middle 
hepatic veins and a patent large left hepatic vein. (a) Axial T2-weighted image (T2WI), (b) color elastogram 
(confidence map), (c) T2 map, (d) pre-gadoxetic acid, and (e) post-gadoxetic acid T1 map acquired using 
the modified Look–Locker inversion (MOLLI) 3(2)3(2)5 sampling scheme, (f) pre-gadoxetic acid, and (g) 
post-gadoxetic acid B1-corrected variable flip angle (VFA) T1 map. All images were obtained at the same 
slice level. Regions of interest are drawn on the T2WIs (a) and copied and pasted onto the corresponding 
parametric maps (b-g). 

Axial T2WI (a) showing peripheral hyperintense tissue in segment VII, which corresponds to a region of 
confluent fibrosis. The numeric values are seen on the parametric maps. Compared with the relatively 
preserved left lobe parenchyma, fibrotic tissue has higher stiffness (4.1 vs. 6.1 kPa) (b); longer T2 relaxation 
time (46 vs. 68 ms) (c); and longer T1 relaxation times (d); using the pre-gadoxetic acid T1 MOLLI technique 
(1.240 vs. 677 ms) (e); and in the pre-gadoxetic acid B1-corrected VFA T1 map (1.294 vs. 926 ms) (f ).

T1 relaxation times obtained from the fibrotic region and normal-appearing parenchyma using the post-
gadoxetic acid T1 MOLLI technique (e) are 613 and 311 ms, respectively, and in the post-gadoxetic acid 
B1-corrected VFA T1 map (f) 649 and 336 ms, respectively. The reduction rate (%) of the T1 relaxation time 
in the area considered as fibrosis is significantly lower than that in the normal-appearing parenchyma at the 
hepatobiliary phase approximately 20 min after gadoxetic acid administration (fibrosis/relatively preserved 
parenchyma %; MOLLI technique 50%/54%, B1-corrected VFA T1 map 49%/63%). 
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authors concluded that segmental stiffness 
measured through an MRE was a promis-
ing reproducible quantitative biomarker for 
monitoring the treatment response to endo-
vascular intervention in patients with BCS.18 
In the second study, the authors suggested 
that using an MRE for liver stiffness mea-
surements was effective for evaluating liver 
function in BCS.19 However, none of the lab-
oratory parameters and indices appeared to 
correlate with the liver stiffness values in our 
study. This may be due to the small sample 
size. 

Although fibrosis could not be definitive-
ly excluded in the studies mentioned above 
performed using US and MRE, studies sug-
gest that the increase in tissue stiffness seen 
in BCS is the result of congestion rather than 
fibrosis.18-20 Hepatic congestion, which can 
spuriously increase liver stiffness measure-
ments, may be differentiated from fibrosis 
through conventional imaging, clinical infor-
mation, and liver function test results.7 With 
the onset of clinical findings, the hepatic 
mottled enhancement in the portal venous 

phase of dynamic contrast-enhanced imag-
ing reflects portal stasis and, indirectly, he-
patic congestion.21 Sluggish flow, which can 
cause increased blood volume (congestion) 
in the portal vessels and sinusoids, is expect-
ed to develop in the early stages, but it can 
also be seen in the “acute on chronic” form 
of the disease with clinical exacerbation. The 
thrombotic extension could play a role in this 
scenario.22 

Estimating the hepatic functional reserve 
is important for the prognosis and manage-
ment of patients with BCS. An essential but 
unanswered issue in BCS is how to take the 
degree of liver dysfunction into account 
when choosing the type of therapy.1 In rou-
tine clinical practice, liver function in BCS is 
often determined using clinical signs and 
biochemical blood parameters.23 However, 
the measurement of biochemical parame-
ters provides only indirect information about 
hepatocyte injury. As individual segments 
are drained by unique hepatic vein branches, 
the development of hepatocyte damage is 
expected to be limited mainly to the region 
drained by the occluded vessel. Liver func-

tion tests may fail to detect this topographic 
segmental dysfunction. Although regional 
non-enhancement on dynamic imaging may 
indicate hepatocyte damage,24 having a di-
rect measurement of hepatocyte function is 
desirable. In this context, T1 mapping tech-
niques are increasingly used in the medical 
arena to provide an objective observation of 
the damaged areas in the liver.25

In our case series, we used gadoxetic ac-
id-enhanced MRI to objectively evaluate 
global and regional liver function. The hepat-
ic elimination of gadoxetic acid is dependent 
on the integrity of the hepatocyte mass. The 
uptake of the contrast medium by the he-
patocytes allows a quantitative estimation 
of segmental liver function on parametric 
maps. T1 mapping of the liver can enable 
an evaluation of liver function by using pre-
contrast and postcontrast HB phase images 
and the RR of T1 relaxation times (normally 
above 60%).26,27  Approximately 20 min after 
intravenous gadoxetic acid administration, 
we found that the RR of the T1 relaxation 
time was significantly lower than that of nor-
mal-appearing (relatively preserved) paren-
chyma because of the reduced hepatocyte 
uptake in the areas considered as fibrosis 
(50% vs. 61% in the MOLLI technique). 

Several prognostic indices have been de-
scribed to predict outcomes in BCS, includ-
ing the Child–Pugh score, Clichy index, and 
Rotterdam index.9,28 We investigated the pos-
sible correlation between these three indices 
and quantitative MR parameters, revealing 
that the Child–Pugh score and serum creati-
nine level, which are important determinants 
of prognosis, were correlated with the T1 
relaxation time of the liver. Patients with re-
duced liver function had longer precontrast 
T1 relaxation times when classified by the 
Child–Pugh score, which correlated positive-
ly with the progression of liver damage. The 
Clichy score was also positively correlated 
with the T1 relaxation time of the liver in the 
precontrast MOLLI sequence. 

Renal failure secondary to liver parenchy-
ma disease is usually functional and occurs 
in the absence of significant changes in renal 
histology.29 In our case series, interestingly, 
we found that serum creatinine values exhib-
ited a positive correlation with the T1 values 
obtained from precontrast and postcontrast 
T1 and T2 maps. Creatinine levels were also 
negatively correlated with the RR of the T1 
relaxation time. In the study by Zeitoun et 
al.30, serum creatinine was identified as one 
of the four significant prognostic factors in 
a multivariate analysis of BCS patients. How-

Figure 2. Magnetic resonance (MR) images acquired from a 24-year-old man with occluded right and middle 
hepatic veins and inferior vena cava. (a) Axial T1-weighted image (T1WI), (b, c) axial T2-weighted images 
(T2WIs), (d) native B1-corrected variable flip angle (VFA) T1 map, and (e) color elastogram (confidence map). 
All images are obtained at the same slice level.

T1WI (a) and T2WI (b) show peripheral mass-like tissue change, mainly located in the lateral aspect of the 
right lobe, with relatively sharp but irregular borders. This area, thought to be confluent fibrosis, is shown 
in (c) with its borders drawn in black. On the color B1-corrected VFA T1 map (d), the tissue in question is 
encoded with red and the T1 relaxation time is long. On T2WI (c), the medial part of the hyperintense area, 
which looks like a continuation of fibrosis (white outline), is encoded with blue in the MR elastogram (e); its 
stiffness values   are not high enough to suggest fibrosis. By contrast, the area that appears normal compared 
with its surroundings (yellow outline) on the T2WI (c), the posterior subcapsular region in the right lobe, and 
the majority of the left hepatic lobe (L), are encoded with yellow and red in the MR elastogram, indicating 
high stiffness values. In the areas described, the possibility of congestion, which increases tissue stiffness, 
should be considered. Note also the relatively normal appearance of the caudate lobe (c), with normal 
signal intensity on conventional sequences (a, b) and blue encoding (normal) on the MR elastogram and 
B1-corrected VFA T1 map.
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ever, the creatinine levels of the patients in 
this study were within the normal range 
(0.40–1.34 mg/dL), indicating that although 
the correlation was statistically significant, it 
was not clinically significant in these cases, or 
at least not at this stage.

This study has several limitations. First, 
the sample size is small, which negatively af-
fects the generalization of our findings; the 
low incidence of the disease in the general 
population is responsible for this limitation. 
However, because the condition is rare, the 
findings of this study offer new potentially 
useful information for this patient popula-
tion. A larger number of patients, some in 
the acute stage, would have allowed us to 
make a more detailed evaluation. Second, 
this study has some inherent limitations be-
cause of its retrospective design, resulting in 
incomplete data (relaxation times obtained 
from electrocardiogram-gated T1 MOLLI 
and T2 maps) in four patients. Third, three 
of our patients had undergone TIPS, which 
may have led to a decrease in the MRE 
stiffness values. However, because these 
patients were in the chronic stage and we 
focused on relatively long-term parenchy-
mal changes, we did not exclude these pa-
tients. We considered that except for minor 
tissue changes, any damage that appeared 
resulted in some degree of fibrosis. Fourth, 
we hypothesized that subcapsular hyperin-
tensities in T2WIs were fibrosis (as detailed 
in the literature, i.e., in13), and in the present 
study, we identified a prolongation of both 
T1 and T2 relaxation times and increased 
stiffness values. An important limitation of 
our study is that the presence of fibrosis was 
not confirmed histopathologically. In five 
patients, we observed that focal tissues that 
appeared normal on the T2WIs and T1 and 
T2 parametric maps were coded in yellow 
and/or red (indicating high stiffness) on MR 
the elastograms. Mottled contrast enhance-
ment was observed in these cases. Hepatic 
congestion (increased upload) was not dis-
tributed homogeneously, as can be inferred 
from multiparametric techniques and dif-
ferent parametric maps. We hypothesize 
that fibrotic tissues, in addition to their high 
stiffness in the MREs, display pathological 
appearance, both visually and quantitative-
ly, relative to the rest of the parenchyma on 
the T1 maps. In this context, we believe that 
tissues that are stiff in the MRE but appear 
normal on the T2WIs and T1 maps might be 
congested. The combined use of T2WIs, T1 
mapping, and MREs (i.e., a multiparametric 
MR approach) can be expedient to further 
understand the pathophysiology. 

In conclusion, the relative shortening of 
the T1 relaxation time in the HB phase after 
hepatocyte-specific contrast administration 
allows for the quantitative evaluation of 
global and segmental liver function in BCS. 
By providing absolute and comparable data, 
T1 relaxation times can be used to estimate 
the heterogeneous distribution of liver func-
tion in patients with BCS. However, T2 map-
ping and ADC values do not significantly 
contribute to the quantitative assessment of 
tissue changes. In this syndrome, in addition 
to fibrosis, hepatic congestion and sinusoi-
dal dilatation appear to be responsible for 
elevated tissue stiffness. In the follow-up 
of these patients, quantitative parameters 
obtained from MRE and T1 mapping tech-
niques, along with laboratory and clinical 
parameters, may allow an objective tem-
poral evaluation of segmental and global 
changes. An alteration in quantitative pa-
rameters over time with the progression of 
the chronic process may be used to predict 
the course of the disease  . The T1 relaxation 
time has the potential to be an objective 
prognostic marker because it reveals a cor-
relation with important prognostic deter-
minants such as the Child–Pugh score and 
serum creatinine level. To establish the role 
of quantitative MR methods in BCS, further 
prospective studies with large sample sizes 
are required. We hope our study promotes 
further methodologic work to determine 
clinically important differences in BCS.
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PURPOSE
This study aimed to compare near-isotropic contrast-enhanced T1-weighted (CE-T1W) magnetic 
resonance enterography (MRE) images reconstructed with vendor-supplied deep-learning recon-
struction (DLR) with those reconstructed conventionally in terms of image quality.

METHODS
A total of 35 patients who underwent MRE for Crohn’s disease between August 2021 and February 
2022 were included in this retrospective study. The enteric phase CE-T1W MRE images of each pa-
tient were reconstructed with conventional reconstruction and no image filter (original), with con-
ventional reconstruction and image filter (filtered), and with a prototype version of AIRTM Recon DL 
3D (DLR), which were then reformatted into the axial plane to generate six image sets per patient. 
Two radiologists independently assessed the images for overall image quality, contrast, sharpness, 
presence of motion artifacts, blurring, and synthetic appearance for qualitative analysis, and the 
signal-to-noise ratio (SNR) was measured for quantitative analysis.

RESULTS
The mean scores of the DLR image set with respect to overall image quality, contrast, sharpness, 
motion artifacts, and blurring in the coronal and axial images were significantly superior to those of 
both the filtered and original images (P <  0.001). However, the DLR images showed a significantly 
more synthetic appearance than the other two images (P <  0.05). There was no statistically signif-
icant difference in all scores between the original and filtered images (P >  0.05). In the quantita-
tive analysis, the SNR was significantly increased in the order of original, filtered, and DLR images  
(P <  0.001).

CONCLUSION
Using DLR for near-isotropic CE-T1W MRE improved the image quality and increased the SNR. 

KEYWORDS
Crohn’s disease, MR enterography, image quality, deep learning, noise reduction

Crohn’s disease (CD) is a chronic bowel inflammatory disease characterized by trans-
mural discontinuous asymmetric inflammation that affects the bowel wall and is fre-
quently accompanied by extramural complications.1,2 Cross-sectional imaging plays an 

important role in CD diagnosis and monitoring. As CD often presents in young populations 
who require repeat imaging during their lifetimes,3,4 magnetic resonance enterography (MRE) 
is preferred because of its high-contrast resolution, multiple imaging parameters, and lack of 
ionizing radiation.5-7
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Contrast-enhanced T1-weighted (CE-
T1W) coronal imaging is a key component of 
MRE for evaluating the extent and severity of 
bowel inflammation.8-10 CE-T1WCE-T1W coro-
nal dynamic images are acquired using ultra-
fast spoiled gradient-echo (GRE) sequences 
with fat suppression. Currently, three-dimen-
sional (3D) volumetric imaging techniques 
allow us to obtain near-isotropic dynamic 
images that provide high-spatial-resolution 
images with a relatively short total acquisi-
tion time. As the pixels are nearly isotropic, 
3D datasets can easily be reformatted in any 
plane without loss of image resolution and 
demonstrate fine anatomic detail with thin 
sections.11 However, owing to bowel peristal-
sis or respiration and limited breath-holding 
duration, it is challenging to obtain high-res-
olution isotropic images without compro-
mising image quality.

Compressed sensing (CS) enables 
near-isotropic CE-T1W coronal images to 
be obtained within a short scan time with 
a single-breath hold.12,13 It can also be use-
ful for reducing noise. However, blurring 
can be introduced when the images are not 
sufficiently compressible or when excessive 
acceleration is used. Additionally, when the 
scan time is fixed for acquiring high-resolu-
tion images, the signal-to-noise ratio (SNR) 
can be decreased as a tradeoff between the 
SNR and resolution.14 Recent advances in MR 
imaging (MRI) technology have introduced 
deep learning to the image reconstruction 
process, which, in this study, was expected to 
improve the SNR and image sharpness com-
pared with CS alone.15

However, the utility of deep learning to 
reduce noise and improve sharpness for MRE 
has not yet been investigated. Therefore, 
the purpose of this study was to compare 
near-isotropic CE-T1W images of MRE recon-
structed using deep-learning reconstruction 

(DLR), conventional reconstruction, and im-
age filter (filtered) techniques as well as con-
ventional reconstruction and no image filter 
(original) in terms of image quality. 

Methods
This retrospective single-center study 

was approved by the Inje University Haeun-
dae Paik Hospital Institutional Review Board 
Ethics Committee (protocol number: HPIRB 
2022-04-028-001) on April 28, 2022, and 
the requirement for informed consent was 
waived.

Study population

We retrospectively registered consecutive 
patients with known or suspected CD who 
underwent MRE at our institution between 
August 2021 and February 2022. In total, 36 
patients were identified; one was exclud-
ed because of severe degradation of image 
quality, and 35 patients were included in 
the final analysis. Patient demographics and 
CD-related patient characteristics at the time 
of MRE were collected from electronic med-
ical records. 

MRE protocol

After the oral administration of 1.000 mL 
of polyethylene glycol solution (Coolprep, 
Taejoon Pharmaceutical Co.), MRE was per-
formed. Scans were acquired using a 3 T MRI 
scanner (SIGNATM Architect, GE Healthcare) 
with two 30-channel surface coils (AIRTM an-
terior array coils). To avoid bowel peristal-
sis, 7.5 mg of cimetropium bromide (Alpit, 
Hana Pharmaceutical Co.) was administered 
at three different intervals during the ex-
amination; the first dose was administered 
just before the start of the scan, the second 

dose was administered just before the diffu-
sion-weighted image was obtained, and the 
third dose was administered just before the 
coronal T1-weighted images were obtained. 
The coronal T1-weighted spoiled GRE se-
quence [liver acquisition with acceleration 
volume acquisition (LAVA)] with fat sup-
pression was acquired during breath-hold-
ing, before contrast injection, and at enteric 
and portal phases that were obtained after 
the intravenous administration (0.2 mL/kg 
at a rate of 2 mL/s) of gadoterate meglu-
mine (Dotarem, Guerbet) followed by a sa-
line bolus injection. A coronal enteric phase 
was obtained using bolus tracking when 
the contrast material arrived at the abdom-
inal aorta. The coronal portal phase image 
was subsequently obtained after providing 
breath-holding instructions between the 
two phases. The typical imaging parameters 
of the fat-suppressed LAVA in this study are 
summarized in Table 1. The scan time was set 
to approximately 17 seconds, with slight vari-
ations made to accommodate the patient’s 
size. 

Three image sets of enteric phases were 
generated: one with conventional recon-
struction and no image filter (original), one 
with conventional reconstruction and ven-
dor-provided image filter (B, high sharpen-
ing, some smoothing) (filtered), and one with 
a vendor-supplied prototype of AIRTM Recon 
DL 3D (DLR).16,17 The DLRs were performed 
offline using an Intel (Santa Clara, CA) Core 
i7-10850H CPU (2.70 GHz and six cores), 
which took approximately one hour to com-
plete each series. These image sets were then 
reformatted into an axial plane with a slice 
thickness of 1.4 mm. 

In our institution, the filtered image is a 
standard-of-care (SOC) 3D reconstructed im-

Main points

• Deep learning in reconstruction (DLR) can 
improve image quality and increase the 
signal-to-noise ratio in contrast-enhanced 
T1-weighted (CE-T1W) magnetic resonance 
enterography (MRE). 

• The DLR technique enables high-resolution 
near-isotropic CE-T1W MRE with diagnostic 
image quality.

• Near-isotropic CE-T1W MRE allows 
high-quality axial reformatted images 
to be obtained from the same dynamic 
phase, which is useful for the multiplanar 
evaluation of anatomical details of bowel 
segments or extramural complications of 
Crohn’s disease.

Table 1. Scan parameters for coronal T1-weighted spoiled gradient-echo sequence (liver 
acquisition with acceleration volume acquisition) with fat suppression for the magnetic 
resonance enterography protocol in this study

Parameter Value

Orientation Coronal

TR/TE (ms/ms) 3.6/1.6

FOV (mm) 380 x 304

No. of slices 120

Bandwidth (kHz/pixel) 83.33

Matrix 300 x 260

Voxel size (mm3) 1.3 x 1.5 x 1.6

Flip angle (degrees) 10

Fat saturation SPECIAL

Acceleration factor 2 x 1.8

HyperSense factor 1.2

SPECIAL, spectral inversion at lipid; TR, repetition time; TE, echo time; FOV, field of view
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age that uses a postprocessing filter after the 
image is reconstructed. The filter is applied 
as a postprocessing step after image recon-
struction and works by trading-off noise 
reduction and image sharpening in the im-
age domain. Specifically, the filter employs 
smoothing to reduce noise, which can cause 
the image to appear blurred, and image 
sharpening to enhance the clarity of the im-
age, which can increase the noise level. 

AIRTM Recon DL is a deep-learning-based 
reconstruction method for improving image 
sharpness by removing truncation artifacts 
while jointly denoising the image to improve 
its quality.16-18 It applies a convolutional neu-
ral network (CNN) in an image-reconstruc-

tion pipeline using raw k-space data to gen-
erate high-fidelity images. The CNN is trained 
in a supervised manner to generate high-res-
olution data with minimal ringing artifacts 
and very low noise levels.16 The AIRTM Recon 
DL, which was originally designed for 2D im-
aging, was extended to 3D to reduce noise 
and ringing in all three directions, thus im-
proving both SNR and spatial resolution.17,18 
The vendor-provided AIRTM Recon DL 3D pro-
totype was applied offline to the raw k-space 
data following image acquisition. The proto-
type DLR allowed for tunable noise-reduc-
tion levels (25%, 50%, and 75%, with higher 
levels corresponding to greater denoising). 
After conducting phantom experiments and 
reaching a consensus during preliminary 

reading sessions, the denoising level was se-
lected at 75% based on agreement among 
the readers (Supplementary Figures 1, 2).

Image analysis

Two abdominal radiologists (J.H.S. and 
Y.L., with 8 and 15 years of experience in in-
terpreting MRE, respectively) independently 
assessed each coronal and reformatted axial 
image of three image sets (original, filtered, 
and DLR) for subjective image quality using a 
5-point Likert scale (with 5 being the highest 
quality). For unbiased evaluation, the readers 
were blinded to the patients’ personal details 
and clinical and laboratory information as 
well as the reconstruction method that had 

Figure 1. Dynamic enteric phase contrast-enhanced T1-weighted images of a 30-year-old man with active Crohn’s disease. Three sets of coronal images were 
obtained, each with (a) conventional reconstruction and no image filter (original); (b) with conventional reconstruction and image filter (filtered); and (c) with 
deep-learning reconstruction (DLR) at the noise-reduction level of 75% (DLR). The DLR image (c) shows increased sharpness of bowel walls and mesenteric vessels, 
enabling better visualization of active inflammation of bowel segments and adjacent comb signs (arrows). A reduction of noise with a slight synthetic appearance 
is also noted in the DLR image (c) compared with the other two images (a, b). 

Figure 2. Dynamic enteric phase contrast-enhanced T1-weighted images of an 18-year-old man with active Crohn’s disease. Three sets of images were obtained and 
reformatted in the axial plane with a 1.4-mm slice thickness: (a) with conventional reconstruction and no image filter (original); (b) with conventional reconstruction 
and image filter (filtered); and (c) with deep-learning reconstruction (DLR) at the noise-reduction level of 75% (DLR). The DLR image (c) better visualizes active 
inflammation in the ascending colon (arrows) with lower noise, a sharper margin of the bowel wall and vascularity, and better contrast of bowel wall stratification 
compared with the other two images (a, b). In the qualitative analysis, the DLR image was given a higher score (4 or 5) by two readers regarding overall image quality, 
contrast, sharpness, motion artifacts, and blurring than the other two images. The consecutive images of the same patient are also presented in Supplementary 
Video 1, available in the online supplement.
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been applied. The analysis involved two sep-
arate image sessions without intervals: one 
for coronal images and the other for axial 
images. Blinding the image sets based on 
whether they were axial or coronal was not 
possible, and including an interval between 
the image sessions was deemed unneces-
sary, as no significant bias was likely to be 
generated as a result. In this qualitative anal-
ysis session, overall image quality, contrast, 
sharpness, presence of motion artifacts, 
blurring, and synthetic appearance were 
evaluated based on a previous study.12 The 
overall image quality affecting diagnostic 
confidence was graded as follows: 1 = very 
poor image quality displaying non-diagnos-
tic images; 2 = poor image quality with sig-
nificantly impaired diagnostic confidence; 3 
= fair image quality with slightly impaired di-
agnostic confidence; 4 = good image quality; 
and 5 = perfect image quality. The contrast 
and sharpness of the bowel walls, mesen-
teric vessels, and perienteric structures were 
evaluated analogously to the scales of over-
all image quality as follows: 1 = very poor 
contrast or sharpness with no detectable 
structures; 2 = poor contrast or sharpness 
rendering difficulty in distinguishing struc-
tures; 3 = fair contrast or sharpness with par-
tially indistinguishable structures; 4 = good 
contrast or sharpness; and 5 = excellent con-
trast or sharpness. Motion artifacts, blurring 
of fine details, and synthetic appearance that 
could degrade image quality were rated as 
follows: 1 = severe artifacts or diagnostically 
unusable; 2 = substantial artifacts with major 
diagnostic impairment; 3 = moderate arti-
facts with minor diagnostic impairment; 4 = 
minimal artifacts; and 5 = no artifacts. Both 
blurring and synthetic appearance are arti-
facts that may occur with the CS technique 
and, potentially, with DLR.19-21 Synthetic ap-
pearance refers to a “plastic” or “cartoon-like” 
appearance that is attributed to various iter-
ative reconstructions.20,21

The radiologists were additionally asked 
to record the presence of any extramural 
complications in the small or large bowels 
(e.g., abscess, sinus tract, fistula, or inflam-
matory mass) and whether reviewing the 
reformatted axial images in addition to the 
coronal images was more helpful in detect-
ing and evaluating penetrating disease than 
reviewing the coronal images alone.

For the quantitative image analysis, three 
representative locations were chosen in the 
coronal and axial planes (Supplementary Fig-
ure 3). For the coronal plane, images showing 
both the external iliac and femoral arteries at 
the level where multiple small bowel loops 

are visible, aortic bifurcation, and kidneys 
at the level where the ascending and de-
scending colons are visible were chosen to 
calculate the SNR in the anterior, middle, and 
posterior portions of the abdominal cavity, 
respectively. For the axial plane, images at 
the level of the superior mesenteric artery, 
aortic bifurcation, and pelvic cavity showing 
superior gluteal veins were chosen to calcu-
late the SNR in the upper, middle, and lower 
portions of the abdominal cavity, respec-
tively. The SNR was calculated by dividing 
the mean signal of the slice by the estimat-
ed noise levels given in the standard devia-
tions.22 The noise levels were estimated us-
ing a hybrid discrete wavelet transform and 
edge information removal-based algorithm, 
which assumes that the energy of noise is 
equally distributed in sub-bands of wavelet 
coefficients but the energy of an image is 
mostly confined in low-low, low-high, and 
high-low sub-bands (Supplementary Fig-
ure 4).23 We implemented the method using 
NumPy, pydicom, cv2, and pywt packages in 
Python (version 3.7.9).

Statistical analysis

In the qualitative analysis, mean scores 
for overall image quality, contrast, sharpness 
and presence of motion artifacts, blurring, 
and synthetic appearance in the three im-
age sets measured by the two readers were 
compared using Friedman’s test in the ax-
ial and coronal planes, respectively. If there 
was any significant difference between the 
three image groups, Bonferroni corrections 
were applied for multiple comparisons. The 
interobserver agreement of each score be-
tween the two readers was evaluated using 
quadratic weighted kappa coefficients. The 
kappa estimate was considered poor for  
κ < 0.21, fair for κ = 0.21–0.40, moderate for 
κ = 0.41–0.60, good for κ = 0.61–0.80, and ex-
cellent for κ = 0.81–1.00.24 As the MRI images 
analyzed in this study were primarily used in 
real clinical practice, it was relatively unlikely 
that they were non-diagnostic images with 
very low-quality scores, of which the data 
distribution might be highly consistent and 
deviated. Therefore, when the weighted kap-
pa values were not estimable because the 
data distribution of scores was too skewed, 
the overall proportion of agreement was 
calculated.25,26 In the quantitative analysis, a 
repeated-measures analysis of variance with 
a Greenhouse–Geisser correction was used 
to compare SNRs between the three image 
sets. For data with a non-normal distribu-
tion, the Friedman test was performed, and 
the Shapiro–Wilk test was used to check if a 

variable followed a normal distribution. Bon-
ferroni’s method was applied in the post-hoc 
test. All statistical analyses were performed 
using SPSS version 25.0 (IBM Corp.) and Med-
Calc version 18 (MedCalc Software) software. 
Statistical significance was set at a value of  
P < 0.05.

Results

Patient characteristics

The characteristics of the study popula-
tion are summarized in Supplementary Ta-
ble 1. Four patients had a history of bowel 
surgery due to CD complications. The mean 
scan time was 15.86 ± 1.14 seconds (range: 
14–18 seconds).

Qualitative image analysis 

The results of the qualitative image anal-
ysis, which were expressed as the mean and 
standard deviation of the two readers’ scores, 
are summarized in Table 2. The results of 
multiple comparisons among the three im-
age sets are presented in Supplementary 
Table 2. The mean scores of the DLR image 
set with respect to overall image quality, 
contrast, sharpness, motion artifacts, and 
blurring in both the coronal and axial images 
were significantly superior to those of both 
the filtered and original images (P < 0.001). 
However, the mean scores for synthetic ap-
pearance in DLR were significantly lower 
than those of the filtered and original images  
(P < 0.05). The filtered images tended to 
score slightly higher than the original images 
for overall image quality, contrast, sharpness, 
motion artifacts, and blurring, although they 
were slightly lower for synthetic appearance; 
however, there was no statistically signifi-
cant difference between their mean scores  
(P > 0.05) (Figures 1-3, and Supplementary 
Figure 5 and Supplementary Video 1, avail-
able in the online supplement).

The interobserver agreement for the over-
all image quality, contrast, sharpness, motion 
artifacts, and blurring in both the coronal 
and axial images was moderate to excellent 
(κ, 0.426–1.000); however, the blurring of 
the axial images showed fair agreement (κ = 
0.398) (Table 3). The interobserver agreement 
for a synthetic appearance on the coronal 
and axial DLR images was also good to excel-
lent (κ, 0.660–0.828). Since the interobserver 
agreement for synthetic appearance in both 
the original and filtered images was not esti-
mable, the overall proportion of agreement 
was calculated: there was no discrepancy in 
the coronal and axial original images and 
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the axial filtered images (100% agreement), 
and there were four discrepancies out of 35 
patients (88.6% agreement) in the coronal 
filtered images.

Presence of extramural complications

Both readers detected extramural com-
plications in 10 patients. There was no dis-
cordant interpretation of the presence of 
extramural complication between the two 
readers. These findings were demonstrated 

in the images of both the coronal and axial 
planes (Figure 3 and Supplementary Figure 
6). Among the cases of extramural complica-
tions, the readers found that reviewing axial 
images in addition to coronal images was 
more helpful than reviewing coronal images 
alone in all cases (Supplementary Figure 6 
and Supplementary Video 2, available in the 
online supplement). 

Quantitative image analysis

The SNRs of the three different locations 
in both the coronal and axial planes were sig-
nificantly increased in the order of original, 
filtered, and DLR images (P < 0.001) (Table 
4). The mean SNRs of all three different loca-
tions were also compared between the three 
image sets in each coronal and axial plane. As 
a result, the mean SNR of the DLR measured 
was the highest, and the mean SNR of the 
original images was the lowest (P < 0.001) 
(Table 4).

Discussion
Our results demonstrated that the ven-

dor-supplied prototype DLR significantly 
increased the SNR; improved the image qual-
ity, contrast, and sharpness; and decreased 
perceived motion artifacts in the enhanced 
T1W MRE images. Furthermore, using DLR 
enables high-resolution near-isotropic CE-
T1W MRE with sufficient image quality. It 
allows high-quality axial reformatted imag-
es to be obtained from the same dynamic 
phase, which helps depict the anatomic de-
tails of bowel segments or extramural com-
plications, such as fistulas or abscesses. 

The CE-T1W sequence is important for 
evaluating active inflammation in CD.8-10 
With the advantage of rapid acquisitions, 
the 3D-GRE sequence is the SOC technique 
for CE-T1W MRE. However, this sequence is 
susceptible to motion artifacts, as obtain-
ing high-resolution CE-T1W MRE within one 
breath hold could be challenging due to 
bowel peristalsis, respiration, and limited 
breath holding. To overcome this challenge, 
several approaches have been used to accel-
erate MRI, such as parallel imaging and CS.13 
However, excessive acceleration can cause a 
loss of SNR, which leads to reduced image 
quality.14,27 

Recent advances in DLR offer an addition-
al way to improve image quality and shorten 
the scan time. To date, the current published 
reports on DLR for 3D-GRE are limited in 
diversity. One introduced algorithm com-
bines super resolution (Siemens) with partial 
Fourier reconstruction.28,29 The algorithm is 
trained to perform both up-sampling in the 
phase-encoding direction and partial fourier 
reconstruction. This technique showed a sig-
nificant noise reduction and improvement 
of image sharpness and lesion conspicuity 
in abdominal MRI. In our study, we used the 
AIRTM Recon DL (GE Healthcare) technique 
on 3D LAVA with CS sequences to reduce 
noise and ringing in all three directions.  

Table 2. Qualitative analysis of the contrast-enhanced T1-weighted images of magnetic 
resonance enterography with three different reconstruction methods

Original Filtered DLR P value*

Coronal

  Overall image quality 3.56 ± 0.54 3.77 ± 0.56 4.67 ± 0.51 <0.001†

  Contrast 3.96 ± 0.39 4.11 ± 0.46 4.69 ± 0.49 <0.001†

  Sharpness 3.57 ± 0.50 3.81 ± 0.49 4.69 ± 0.50 <0.001†

  Motion artifacts 3.67 ± 0.70 3.74 ± 0.79 4.33 ± 0.72 <0.001†

  Blurring 3.56 ± 0.53 3.70 ± 0.49 4.24 ± 0.43 <0.001†

  Synthetic appearance 5.00 ± 0.00 4.94 ± 0.16 4.44 ± 0.48 <0.001†

Axial

  Overall image quality 3.29 ± 0.47 3.59 ± 0.54 4.67 ± 0.53 <0.001†

  Contrast 3.90 ± 0.34 3.90 ± 0.27 4.71 ± 0.41 <0.001†

  Sharpness 3.17 ± 0.38 3.51 ± 0.49 4.64 ± 0.46 <0.001†

  Motion artifacts 3.64 ± 0.59 3.66 ± 0.60 4.34 ± 0.68 <0.001†

  Blurring 3.14 ± 0.38 3.46 ± 0.48 4.16 ± 0.34 <0.001†

  Synthetic appearance 5.00 ± 0.00 5.00 ± 0.00 4.43 ± 0.46 <0.001†

Data are presented as mean ± standard deviation. *P values were obtained by comparing three different 
reconstruction methods using the Friedman test. †Post-hoc Bonferroni’s test for multiple comparisons revealed 
significant differences between original and DLR images and between filtered and DLR images (P < 0.05) but not 
between the original and filtered images (Supplementary Table 2). Original, conventional reconstruction with no 
image filter; filtered, conventional reconstruction with image filter; DLR, deep-learning reconstruction.

Table 3. Interobserver agreement between the two readers for qualitative analysis

Original Filtered DLR

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

Coronal

  Overall image quality 0.859 (0.694–1.000) 0.759 (0.573–0.944) 0.846 (0.660–1.000)

  Contrast 0.615 (0.304–0.927) 0.650 (0.380–0.920) 0.687 (0.504–0.870)

  Sharpness 0.792 (0.619–0.965) 0.731 (0.532–0.930) 0.791 (0.645–0.937)

  Motion artifacts 0.760 (0.623–0.898) 0.791 (0.678–0.905) 0.867 (0.747–0.986)

  Blurring 0.766 (0.553–0.980) 0.579 (0.386–0.773) 0.672 (0.433–0.910)

  Synthetic appearance N/E N/E 0.828 (0.644–1.000)

Axial

  Overall image quality 0.673 (0.412–0.934) 0.857 (0.689–1.000) 0.949 (0.846–1.000)

  Contrast 0.531 (0.165–0.896) 0.481 (0.090–0.873) 0.595 (0.325–0.865)

  Sharpness 0.426 (0.050–0.802) 0.692 (0.483–0.901) 0.815 (0.618–1.000)

  Motion artifacts 0.811 (0.668–0.953) 0.784 (0.635–0.933) 0.882 (0.765–0.999)

  Blurring 0.525 (0.164–0.886) 0.598 (0.376–0.819) 0.398 (0.072–0.724)

  Synthetic appearance N/E N/E 0.660 (0.427–0.893)

Original, conventional reconstruction with no image filter; filtered, conventional reconstruction with image filter; 
DLR, deep-learning reconstruction; N/E, not estimable; CI, confidence interval.
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The technique applies a CNN in the image 
reconstruction pipeline using raw k-space 
data. The AIRTM Recon DL technique enables 
the acquisition time to be reduced without 
affecting the image quality and high-resolu-
tion images to be obtained without reduc-
ing the SNR. We obtained high-resolution 
near-isotropic CE-T1W MRE images within a 
single breath hold and achieved sufficient 
image quality with the aid of CS and DLR. To 
our knowledge, this is the first study to eval-
uate the utility of DLR for 3D LAVA with CS for 
MRE in clinical practice. 

In addition, these benefits are not restrict-
ed to the acquired imaging plane but are ef-
fective in the reformatted planes. With DLR, 
the SNR and image quality were improved 
not only in the plane but also through the 
plane. This can be particularly useful for im-
proving the quality of reformatted images 
in clinical situations when multiple review 
planes can be helpful but simultaneous ac-
quisition is required because of the time-de-
pendent image contrast.

Table 4. Comparison of signal-to-noise ratio between the contrast-enhanced T1-weighted 
images of magnetic resonance enterography with three different reconstruction methods

Original Filtered DLR P value

Coronal 

  Total* 52.50 ± 8.85 64.85 ± 10.95 86.15 ± 12.96 <0.001†

  Anterior 55.10 ± 10.38 68.02 ± 12.85 87.87 ± 18.55 <0.001†

  Middle 57.25 ± 10.96 70.78 ± 13.58 94.68 ± 15.45 <0.001†

  Posterior 45.16 ± 6.87 55.76 ± 8.52 75.88 ± 9.43 <0.001‡

Axial

  Total* 49.59 ± 6.79 59.23 ± 8.12 85.19 ± 12.32 <0.001†

  Upper 67.64 ± 13.98 80.04 ± 16.74 116.95 ± 26.25 <0.001†

  Middle 32.74 ± 3.83 39.96 ± 4.77 62.04 ± 9.65 <0.001‡

  Lower 48.40 ± 7.02 57.69 ± 8.51 76.58 ± 9.60 <0.001†

†P value was obtained by comparing three different reconstruction methods using repeated-measures analysis of 
variance with a Greenhouse–Geisser correction. Post-hoc Bonferroni’s tests for multiple comparisons revealed a 
significant difference between the original and DLR, between the filtered and DLR, and between the original and 
filtered images (P < 0.05). ‡P value was obtained by comparing three different reconstruction methods using the 
Friedman test. Post-hoc Bonferroni’s tests for multiple comparisons revealed a significant difference between the 
original and DLR, between the filtered and DLR, and between the original and filtered images (P < 0.05). *Mean 
values of three different locations in each image set. Data are presented as mean ± standard deviation. Original, 
conventional reconstruction with no image filter; filtered, conventional reconstruction with image filter; DLR, deep-
learning reconstruction.

Figure 3. Dynamic enteric phase contrast-enhanced T1-weighted images of a 28-year-old woman with active Crohn’s disease. Three sets of images were obtained, 
each with (a) conventional reconstruction and no image filter (original); (b)  with conventional reconstruction and image filter (filtered); and (c) with deep-learning 
reconstruction (DLR) at the noise-reduction level of 75% (DLR). Axial images with a 1.4-mm slice thickness were reformatted from coronal images, respectively (d-f). 
The DLR images in both the coronal and axial planes (c,f) show lower noise, a sharper margin of the bowel wall and vascularity, and better contrast of bowel wall 
stratification than the other two images (a, b, d, e). In the coronal image sets, a small sinus tract is detected in the proximal ileum (arrows), which is better visualized 
in the DLR image (c). The corresponding penetrating lesion in the proximal ileum is also well visualized in the sets of axial images (arrows) and is most clearly visible 
in DLR (f), which helps increase diagnostic confidence.
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Previously, we obtained CE-T1W images 
in the delayed phase after acquiring dynam-
ic coronal T1W images. Delayed-phase axial 
images may help differentiate fibrosis from 
active inflammation.30 However, as the bowel 
wall enhancement pattern and mesenteric 
vascularity indicative of active inflammation 
are most well depicted in earlier phases of 
the dynamic study,31 axial images in the de-
layed phase could limit the provision of de-
tailed anatomic structures and hinder lesion 
detection and diagnosis due to its different 
and non-simultaneous acquisition timing 
compared with that of coronal dynamic im-
ages. Our axial-reformatted CE-T1W images 
of the simultaneous dynamic phase of the 
coronal images are superior to axial CE-T1W 
images of the delayed phase for evaluating 
active inflammation. Also, axial images help 
detect penetrating complications, such as fis-
tulas and abscesses, by multiplanar correla-
tion.30 In our study, both readers stated that 
an additional review of the axial images was 
helpful in the detection and evaluation of 
penetrating disease in all cases. In addition, 
because we can obtain axial images without 
additional image acquisition, we can reduce 
the total scan time of MRE. Although the ac-
quisition time of additional axial images is 
quite short, a shorter scan time is better for 
patient compliance because the oral admin-
istration of polyethylene glycol can cause the 
urge to evacuate during MR acquisition.

Our study has several limitations. First, 
the images were retrospectively reviewed. 
Second, the sample size was relatively small. 
Third, although we conducted a blinded 
analysis for each image set, the significant 
reduction in noise and the differences in im-
age texture made perfect blinding impossi-
ble. Fourth, in our study, the generation of 
images with DLR took a relatively significant 
length of time, approximately one hour for 
each series, due to the computational in-
tensity of the DLR technique. While this pro-
cess could be accelerated significantly using 
graphics processing units, the long recon-
struction time could be a drawback for using 
DLR in real practice. Nonetheless, this tech-
nique is currently available commercially and 
has been integrated into the hardware of MR 
machines; the reconstruction is generated 
immediately after image acquisition and is 
displayed almost simultaneously with the 
original image. Fifth, we acknowledge that 
our study’s inclusion of only patients with 
CD, who tend to be young with a low body 
mass index, may limit the generalizability of 
our study results to the broader population. 
Further, we did not statistically analyze the 

detection of penetrating disease in the axial 
reformatted images. The number of cases of 
penetrating disease was small, and penetrat-
ing disease could already be detected with 
coronal images. However, both readers men-
tioned that additional axial images could 
help increase their diagnostic confidence 
in all cases. Finally, we did not evaluate the 
diagnostic accuracy for active inflammation. 
Our study aimed to assess the image quali-
ty of near-isotropic CE-T1W MRE using DLR. 
Previous studies8,10,12,30,31 used endoscopic 
findings or findings from full-protocol MRE 
as the reference standard for active inflam-
mation in CD. In our study, we compared the 
image quality between image sets obtained 
from the same image scan with different re-
constructions. MRE has demonstrated high 
diagnostic performance for the diagnosis 
of active inflammation in CD.32,33 We believe 
that comparing diagnostic performance be-
tween image sets from the same scan image, 
which is already used in real clinical practice, 
is not essential. Furthermore, CE-T1W images 
play the most important role in evaluating 
active inflammation among the multiple se-
quences of MRE. Therefore, we considered 
that reference from full-protocol MRE was in-
appropriate in our study because the CE-T1W 
used as a reference standard was the same 
image as the image sets to be compared. 

In conclusion, this is the first study to 
investigate DLR for CE-T1W MRE in clinical 
practice. The use of DLR for near-isotropic 
CE-T1W MRE provides improved image qual-
ity and an increased SNR. It allows high-qual-
ity axial reformatted images to be obtained 
from the same dynamic phase, which is use-
ful for the multiplanar evaluation of anatom-
ical details of bowel segments or extramural 
complications.
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Supplementary Table 1. Demographics and Crohn’s disease-related characteristics of the 
study population

 Characteristics Value

Age (years)* 31.8 ± 10.2 (16–51)

Sex

  Male 19 (54.3)

  Female 16 (45.7)

Anthropometric data†

  Height (cm) 167.0 (159.7–175.8)

  Weight (kg) 59.0 (51.7–69.0)

  BMI (kg/m2) 21.5 (19.1–23.3)

Laboratory data†

  Fecal calprotectin (mg/kg) 300.0 (82.0–858.0)

  CRP (mg/dL) 0.13 (0.05–0.37)

  Patients with previous bowel surgery 4 (11.4)

*Data are expressed as mean ± standard deviation, with ranges in parentheses. †Data are expressed as median, with 
interquartile range in parentheses. Unless otherwise specified, the data are numbers of patients, with percentages in 
parentheses. BMI, body mass index; CRP, C-reactive protein.

Supplementary Table 2. Results of the post-hoc Bonferroni’s test for multiple comparisons 
among three different reconstruction methods in the qualitative analysis of the contrast-
enhanced T1-weighted images of magnetic resonance enterography

Original vs. DLR Filtered vs. DLR Original vs. filtered

Coronal

  Overall image quality <0.001 <0.001 0.51

  Contrast <0.001 <0.001 0.77

  Sharpness <0.001 <0.001 0.36

  Motion artifacts <0.001 <0.001 1.00

  Blurring <0.001 <0.001 0.85

  Synthetic appearance <0.001 0.003 1.00

Axial

  Overall image quality <0.001 <0.001 0.28

  Contrast <0.001 <0.001 1.00

  Sharpness <0.001 <0.001 0.08

  Motion artifacts <0.001 <0.001 1.00

  Blurring <0.001 <0.001 0.06

  Synthetic appearance <0.001 <0.001 1.00

Data are presented as P values. Original, conventional reconstruction with no image filter; filtered, conventional 
reconstruction with image filter; DLR, deep-learning reconstruction.
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Supplementary Figure 1. The phantom experiments to evaluate the effects of different levels of noise reduction 
on deep-learning reconstruction (DLR). Phantom magnetic resonance images were processed using the prototype 
DLR with tunable noise-reduction factors of 0%, 25%, 50%, and 75%. As the noise-reduction levels increased, the 
signal-to-noise ratio calculated by placing a region of interest in each phantom image improved by 61.9, 66.6, 
77.5, and 91.8.

Supplementary Figure 2. The coronal images of dynamic enteric phase contrast-enhanced T1-weighted magnetic resonance enterography processed using deep-
learning reconstruction (DLR) with different noise-reduction factors of (a) 0%, (b) 25%, (c) 50%, and (d) 75%. During preliminary reading sessions, the optimal 
denoising level was determined based on the consensus of the expert readers. The denoising level of 75% was chosen as it was found to yield the highest signal-
to-noise ratio and the best image sharpness among the evaluated noise-reduction factors. Despite some synthetic appearance, it was concluded that the overall 
synthetic appearance produced by DLR was acceptable.



 

Deep-learning reconstructed MRE in Crohn’s disease • 447

Supplementary Figure 3. Example of three representative locations selected to measure the signal-to-noise ratio (SNR) in each coronal (a-c) and axial (d-f) plane. 
For the coronal plane, images showing both external iliac and femoral arteries at the level where multiple small bowel loops are visible (a), aortic bifurcation (b), and 
kidneys at the level where the ascending and descending colon are visible (c) were chosen to calculate the SNR in the anterior, middle, and posterior portions of the 
abdominal cavity, respectively. For the axial plane, images at the level of (d) the superior mesenteric artery, (e) aortic bifurcation, and (f) the pelvic cavity showing 
superior gluteal veins were chosen to calculate the SNR in the upper, middle, and lower portions of the abdominal cavity, respectively. 

Supplementary Figure 4. Flow chart of noise estimation in a coronal image at the level of the kidneys. For the noise estimation, the modified  (HH) sub-band that 
contains coefficients corresponding only to noise was obtained by removing the HH sub-band coefficients corresponding to edges using discrete wavelet transform 
and edge map.
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Supplementary Figure 5. Dynamic enteric phase contrast-enhanced T1-weighted images of a 41-year-old man with active Crohn’s disease. Three sets of coronal 
images were obtained with a 1.4-mm slice thickness: (a) with conventional reconstruction and no image filter (original); (b) with conventional reconstruction and 
image filter (filtered); and (c) with deep-learning reconstruction (DLR) at the noise-reduction level of 75% (DLR). The portion of the small bowel mesentery and 
bowel loops is magnified to better illustrate the structures in each image. The DLR image (c) demonstrates reduced noise, whereas the other two images (a, b) still 
have noise that is well visualized in the background mesenteric fat. Note that better contrast and sharpness are seen for mesenteric vessels in DLR (c). However, DLR 
(c) typically demonstrates a synthetic appearance, which refers to a “plastic” or “cartoon-like” appearance.

Supplementary Figure 6. Dynamic enteric phase contrast-enhanced T1-weighted images of a 27-year-
old woman with active Crohn’s disease. The coronal images (a, b) were obtained using deep-learning 
reconstruction at the noise-reduction level of 75% and then reformatted to axial images (c, d). In the 
coronal images, an inflammatory mass in the ileocecal area (arrowheads) is noted with two fistulous tracts 
connected to the bowel loops (arrows). In the axial images, one of the fistulous tracts (arrows in a, c) reveals 
a connection between the inflammatory mass (Im) and the cecum (Ce), whereas the other tract (arrows 
in b and d) is a bidirectional fistula communicating between the cecum (Ce), terminal ileum (Ti), and 
inflammatory mass (Im). Two fistulas are demonstrated as more caudal to the ileocecal valve (not shown). 
Note that the relationship of the bidirectional fistulous tract between the bowel loops is clearly visible in the 
axial images, which help clarify anatomic detail when reviewed along with coronal images. The consecutive 
images of the same patient are also presented in Supplementary Video 2, available in the online supplement.
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Supplementary Video 1 link:  (a) https://www.youtube.com/watch?v=r2_jXqEte6Q

   (b) https://www.youtube.com/watch?v=7CKdrLCjhAg

   (c) https://www.youtube.com/watch?v=t4xtnUj0-6A

Supplementary Video 1. Videos of consecutive images from an 18-year-old man with active Crohn’s disease who underwent dynamic enteric phase contrast-
enhanced T1-weighted magnetic resonance enterography. Three sets of images were obtained and reformatted in the axial plane with a 1.4-mm slice thickness: 
(a) with conventional reconstruction and no image filter (original); (b) with conventional reconstruction and image filter (filtered); and (c) with deep-learning 
reconstruction (DLR) at the noise-reduction level of 75% (DLR). The videos were taken from all image sets at a fixed window level (2.666 HU) and width (5.320 HU). 
The DLR images (c) better visualize active inflammation in the ascending colon with lower noise, a sharper margin of the bowel wall and vascularity, and better 
contrast of bowel wall stratification compared with the other two images (a, b). In the qualitative analysis, the DLR image was given a higher score (5) by the two 
readers regarding overall image quality, contrast, sharpness, and motion artifacts than the other two images (both 4). The key images of the same patient are 
presented in Figure  2. 

Supplementary Video 2 link:  (a) https://www.youtube.com/watch?v=reRKonWDGBM

   (b) https://www.youtube.com/watch?v=Qo75KqG9QI4

Supplementary Video 2. Video of consecutive images from a 27-year-old woman with active Crohn’s disease who underwent dynamic enteric phase contrast-
enhanced T1-weighted magnetic resonance enterography. The coronal images (a) were obtained using deep-learning reconstruction at the noise-reduction level 
of 75% and then reformatted to axial images (b). In the coronal images, an inflammatory mass in the ileocecal area (Im) is noted with two fistulous tracts connected 
to bowel loops (red/white arrows in a). In the axial images, one of the fistulous tracts (red arrows in b) reveals a connection between the inflammatory mass and 
the cecum, whereas the other tract (white arrows in b) is a bidirectional fistula communicating between the cecum, the terminal ileum, and the inflammatory 
mass. Two fistulas are demonstrated more caudal to the ileocecal valve. Note that the relationship of the bidirectional fistulous tract between the bowel loops is 
clearly visible in the axial images, which help clarify anatomic detail when reviewed along with coronal images. The key images of the same patient are presented 
in Supplementary Figure. 6.
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Comparison of quantitative volumetric analysis and linear 
measurement for predicting the survival of Barcelona Clinic Liver 
Cancer 0- and A stage hepatocellular carcinoma after radiofrequency 
ablation
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PURPOSE
The prognostic role of the tumor volume in patients with hepatocellular carcinoma (HCC) at the 
Barcelona Clinic Liver Cancer (BCLC) 0 and A stages remains unclear. This study aims to compare 
the volumetric measurement with linear measurement in early HCC burden profile and clarify the 
optimal cut-off value of the tumor volume.

METHODS
The consecutive patients diagnosed with HCC who underwent initial and curative-intent radiofre-
quency ablation (RFA) were included retrospectively. The segmentation was performed semi-auto-
matically, and enhanced tumor volume (ETV) as well as total tumor volume (TTV) were obtained. 
The patients were categorized into high- and low-tumor burden groups according to various cut-
off values derived from commonly used diameter values, X-tile software, and decision-tree analysis. 
The inter- and intra-reviewer agreements were measured using the intra-class correlation coeffi-
cient. Univariate and multivariate time-to-event Cox regression analyses were performed to identi-
fy the prognostic factors of overall survival. 

RESULTS
A total of 73 patients with 81 lesions were analyzed in the whole cohort with a median follow-up of 
31.0 (interquartile range: 16.0–36.3). In tumor segmentation, excellent consistency was observed 
in intra- and inter-reviewer assessments. There was a strong correlation between diameter-derived 
spherical volume and ETV as well as ETV and TTV. As opposed to all linear candidates and 4,188 mm3 
(sphere equivalent to 2 cm in diameter), ETV >14,137 mm3 (sphere equivalent to 3 cm in diameter) or 
23,000 mm3 (sphere equivalent to 3.5 cm in diameter) was identified as an independent risk factor of 
survival. Considering the value of hazard ratio and convenience to use, when ETV was at 23,000 mm3, 
it was regarded as the optimal volumetric cut-off value in differentiating survival risk. 

CONCLUSION
The volumetric measurement outperforms linear measurement on tumor burden evaluation for 
survival stratification in patients at BCLC 0 and A stages HCC after RFA. 

KEYWORDS
Hepatocellular carcinoma, tumor burden, quantitative volumetric analysis, radiofrequency abla-
tion, prognosis
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Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide and 
ranks third in terms of mortality.1 Barcelona Clinic Liver Cancer staging system (BCLC) is 
widely used to guide clinical decision-making and survival risk stratification for patients 

with HCC. In practice, patient allocation for curative-intent therapies is a multifactorial deci-

From the Department of Interventional Radiology (S.Y., 
Z.Z., T.S., H.W., L.J. jinlong@ccmu.edu.cn), Beijing 
Friendship Hospital, Capital Medical University, Beijing, 
China; Department of Ultrasound (Q.C.), Beijing Tongren 
Hospital, Capital Medical University, Beijing, China.

Received 12 December 2022; revision requested 21 
January 2023; last revision received 10 April 2023; 
accepted 13 April 2023.

Epub: 08.05.2023

Publication date: 30.05.2023

DOI: 10.4274/dir.2023.222055

Diagn Interv Radiol 2023; DOI: 10.4274/dir.2023.222055

https://orcid.org/0000-0003-3431-3999
https://orcid.org/0000-0001-9947-9709
https://orcid.org/0000-0002-4895-727X
https://orcid.org/0000-0001-7007-3326
https://orcid.org/0000-0002-6817-3413
https://orcid.org/0000-0003-1361-6173


The role of tumor volume in early hepatocellular carcinoma profile • 451

sion. For patients with early-stage HCC, BCLC 
0 and A stages, the tumor burden evaluation 
is considered the uppermost aspect; it com-
bines the tumor number and the maximum 
diameter to stratify individual survival risk 
optimally.2 However, the maximum diam-
eter and diameter-based sphere alongside 
ellipsoid volume are difficult to represent the 
actual tumor burden due to the irregular 3D 
geometry of the tumor, which is largely de-
rived from heterogeneity and non-rotational 
symmetry of tumor growth.3,4

In the past  decade, owing to the prog-
ress of semi-automatic tumor segmentation 
tools, published studies have validated the 
feasibility of volumetric segmentation and 
shown potential perspectives for radiologi-
cal tumor response assessment.5,6 Compared 
with the established anatomic response cri-
teria, such as Response Evaluation Criteria in 
Solid Tumors (RECIST), modified RECIST, or 
Milan criteria, the quantitative volumetric as-
sessment has appeared to have better perfor-
mance for prognostic stratification in inter-
mediate-stage or advanced HCC patients.7-13 
This is possibly because the changes in tu-
mor diameter tend to lag behind changes 
in tumor volume and functional parameters 
as well as enhancement under locoregional 
therapies.14 As the minimal user interaction 
and quantitative steps in the semi-automatic 
segmentation, volumetric analysis of tumor 
burden has considerable superiority in ac-
curacy, reproducibility, and interobserver or 
radiologic-pathologic agreement.15,16 There-
fore, this technique should be applied in 
broader clinic settings. 

Evidence on semi-automatic volumetry 
concerning the tumor burden of BCLC 0 or 
A stage HCC remains scarce. Such patients, 
especially with a maximum diameter of less 
than 3 cm, have relatively low tumor burden. 
Considering that necrosis is seldom present-
ed, most relevant studies assessing the prog-

nostic role of tumor volume mainly adopt 
the mathematical, simulating formulae and 
manual contouring,17-24 which is not accu-
rate. Recently, the prognostic role of mag-
netic resonance imaging (MRI)-based tumor 
volume using semi-automatic segmentation 
was assessed,25 but the predictive value is 
limited due to the absence of multifocal pa-
tients. Hence, this study hypothesized that 
tumor volume may amplify the subtle differ-
ence in diameter to reflect the actual tumor 
burden. The aim of this pilot study is to eval-
uate the potential capacity of volume anal-
ysis for survival stratification compared with 
linear measurement in the early HCC burden 
profile after radiofrequency ablation (RFA) 
and explore the optimal volumetric cut-off 
value. 

Methods

Study cohort

The patients diagnosed with HCC who 
underwent initial and curative-intent RFA 
were analyzed retrospectively during 
2016–2021. The inclusion criteria were as 
follows: 1) 18–75 years old; 2) the preoper-
ative multi-phasic MRI was screened within 
two weeks; 3) BCLC 0 or A stage; 4) all tar-
geted HCC lesions were ablated complete-
ly. The exclusion criteria were as follows: 1) 
previous HCC treatment history; 2) failure 
of radiological data retrieval; 3) loss of fol-
low-up; 4) presence of secondary carcinoma.  
The flowchart of patient selec-
tion is illustrated in Figure 1.  
Finally, a total of 73 patients with HCC were 
analyzed. In twelve patients, HCC was biop-

sy-proven, and diagnoses in the remaining 
patients were established in concordance 
with Liver Imaging Reporting and Data Sys-
tem criteria.26 Complete ablation evaluation 
of all targeted tumors was confirmed by con-
trast-enhanced MRI one month after RFA27 
combined with the eradication of serum lev-
el of alpha-fetoprotein (AFP). Demographic, 
clinical, and laboratory data of the cohort 
were reviewed and recorded from the elec-
tronic medical system. The study procedures 
conformed to the ethical guidelines of the 
Declaration of Helsinki, and the Bioethics 
Committee of Beijing Friendship Hospital, 
Capital Medical University approved this ret-
rospective study (registration number: 2022-
P2-290-01). The requirement for written in-
formed consent for recruitment was waived.

Radiofrequency ablation

All RFA procedures, guided by computed 
tomography scan with a percutaneous ap-
proach, were performed under local anes-
thesia combined with procedural sedation 
and analgesia in all patients. Vital signs were 
monitored throughout the procedure. Two 
RFA systems, Rita Starburst Flex/talon elec-
trode (RITA Medical Systems, Mountain View, 
Calif., USA) and CELON ProSurge (Olympus 
Winter & Ibe GmbH, Hamburg, Germany), 
with a 2–5 cm deployment, were determined 
by the type of generator model. They were 
equipped with internal liquid circulation 
(saline solution) to maintain surface tem-
perature. The generator model selection and 
electrode shaft distribution depended on 
the size, location, and adjacent structure of 
the tumor. Multiplanar reformation ensured 

Main points

• Tumor volume outperforms diameter for 
predicting survival in early patients with he-
patocellular carcinoma (HCC). 

• Volumetric tumor burden improves perfor-
mance for high tumor burden case-finding 
in early HCC.

• A seed-growing algorithm in open-source 
software provides a feasible tumor segmen-
tation.

• An optimal cut-point of tumor volume, 
namely 23,000 mm3, was given in Barcelona 
Clinic Liver Cancer 0 and A stages HCC pa-
tients.

Figure 1. The flowchart of patient selection. HCC, hepatocellular carcinoma; RFA, radiofrequency ablation.
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that the tip of the electrode shaft was inside 
or at the center of the tumor and covered in 
expandable needles with at least a 5–10 mm 
safety margin. Ablation-related parameters 
were set as per the manufacturer’s instruc-
tions regarding tumor-related characteris-
tics. 

Magnetic resonance imaging image acqui-
sition

A standardized MRI protocol with 3.0T MRI 
scanners (GE, GE Healthcare, Boston, USA) 
was performed for the routine liver imaging 
in the institution. Multiphasic contrast-en-
hanced T1-weighted imaging (T1WI) was ob-
tained in the arterial phase (25–35 sec after 
injection), portal venous phase (60–70 sec 
after injection), and delayed phase (3–5 min 
after injection). The contrast agent, an extra-
cellular contrast agent, gadobenate dime-
glumine (Magnevist, Bayer Schering Pharma, 
Berlin, Germany), was intravenously injected 
with a dose of 0.1 mmol/kg (maximum dose, 
20 mL) at a rate of 2 mL/s followed by a 50 mL 
saline flush (2 mL/s). 

Tumor measurement and segmentation

All images were exported in digital im-
aging and communication in medicine files 
from the workstation and segmented in 
cubic millimeters (mm3) using the open-
source software ITK-SNAP (www.itksnap.
org/pmwiki/pmwiki.php). The axial linear 
and volumetric measurements of all HCC 
lesions at the late arterial phase (20 sec) of 
baseline MRI were reviewed repeatedly with 
an interval of two weeks by two radiologists 
(SW.Y. and QY.C.) who were blinded to the 
patient’s survival outcomes and who had five 
years of experience in abdominal imaging. 
Enhanced tumor volume (ETV) and total tu-
mor volume (TTV) values were recorded in 
tumor volumetric analyses. The axial linear 
measurement and seed-setting evaluation 
were re-checked by another board-certified 
radiologist (TH.S) who had more than ten 
years of experience in radiology. The individ-
ual measurements were determined by the 
average of the two reviewers. Inconsistency 
between the two reviewers was resolved by 
consensus. 

The segmentation was performed based 
on the volumetric mask on the MRI imag-
es at the late arterial phase (20 sec) with 
a seed-growing algorithm, namely a re-
gion-growth algorithm, as depicted in pre-
vious literature.25,28,29 Four quadrate regions 
of interest (ROIs) were prescribed in the liver 
parenchyma of the ipsilateral lobe, being ad-

jacent to tumor boundaries and away from 
blood vessels, liver boundaries, and other 
structures.30 The mean intensity value (MIV) 
was derived from the average value of four 
ROIs. When placing bubbles within the tu-
mor, the necrotic areas, cysts, and vessels 
close to the index lesion at the certain slice 
were also avoided, as identified on T2WI or 
arterial early-phase images. Furthermore, the 
pre-enhanced T1W images were scrutinized 
to distinguish high signal intensity, like hem-
orrhage, to avoid overestimating ETV value. 
The exterior delineated bubbles were placed 
inside the edge of the enhanced part of the 
lesion, tangent to the inner margin in princi-
ple, and the interior delineated bubbles were 
placed randomly. Cross-referencing with cor-
onal and sagittal reconstructed MRI images 
was used to supplement the bubble.

Any voxel inside or peripheral of the seed 
was clustered if the intensity was located in 
the interval threshold between the MIV+2 
standard deviations (SD) and abdominal 
aorta signal intensity. In this step, the corre-
sponding voxels were combined and consid-
ered as the viable tumor part, then ETV was 
obtained. The low or delayed enhancement 
part as well as the non-enhanced part within 
the tumor would then be supplemented to 
get TTV value. The detailed descriptions are 
shown in Supplementary Material 1. The col-
or map reflecting tumor enhancement het-
erogeneity is presented in Figure 2. 

Definitions 

The study endpoint was overall survival 
(OS), which was calculated by subtracting 
the RFA date from the date of death or the 
last follow-up visit date (May 31, 2022). Volu-
metric and linear cut-off values were used to 
distinguish the high and low tumor burden 
groups. The ETV and TTV refer to the volume 
of all targeted lesions in the presence of mul-
tiple tumors. Index tumor was the dominant 
HCC lesion, and it refers to the one with the 
largest diameter in multifocal patients. The 
cut-off value of elevated AFP levels was de-
fined as 400 ng/mL in reference to the initial 
assessment in the HCC guideline.31 

Cut-off values selection

According to the cut-off value in defining 
BCLC 0 and A stages as well as another cut-off 
value of small HCC, a maximum diameter of 
2 and 3 cm were chosen as the linear cut-off 
values, respectively. The corresponding max-
imum diameter-derived respective spherical 
volumes, 4,188 mm3 and 14,137 mm3 (equa-
tion ), were used as volumetric cut-off values 
as suggested by the previous publications.8,10 
In addition, another volumetric value, ob-
tained from binary classification in the end-
point-related decision-tree model, was used 
as the third cut-off value. The software X-tile 
was used to determine the fourth volumetric 
cut-off value based on the maximum log-rank 
statistic.32

Figure 2. The color map. The number value on the image is the average signal intensity within the 
normalized regions of interest. The color on the spectrum column represents the signal intensity. Compared 
with the liver parenchyma signal intensity, the closer the color is to red, the higher the signal intensity, and 
the closer the color is to blue, the lower the signal intensity. Visual display of signal intensity inside the tumor 
is provided. 
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Statistical analysis 

Continuous variables expressed as the 
mean ± SD or median (interquartile range) 
depending on the data distribution type 
were compared using two-sample t-tests or 
Mann–Whitney U tests, and categorical vari-
ables expressed as number (percentage) were 
compared using the χ2 test or Fisher’s exact 
tests. The comparison between diameter-de-
rived sphere volume and tumor volume was 
performed using the Paired-Samples test. 
The intraclass correlation coefficient (ICC) 
was calculated for inter-reviewer agreement. 
Generally, ICC ≥0.90 indicates excellent con-
sistency, and ≥0.75 indicates good consis-
tency between both reviewers.33 The Pearson 
correlation and Bland–Altman analysis were 
used to evaluate the correlation and con-
sistency between the linear measurement 
and volume of the tumor. Risk factors for 
live status were identified in univariate and 
multivariate binary logistic regression, and 
the cut-off values for continuous risk factors 
were determined in decision-tree analysis us-
ing the statistical package R version (version 
4.2.1, www.r-project.org). 

The Kaplan–Meier method using the 
log-rank test was applied to compare the 
survival curves of patients with different tu-
mor burdens. After testing the proportional 
hazards assumption using Schoenfeld resid-

uals, univariate time-to-event Cox regression 
was performed to identify the prognostic 
factors of OS. The variables with P < 0.1 were 
selected in the adjusted multivariate analysis 
(forward step-wise). Regarding the tumor 
burden value, either linear or volumetric 
measurement as dichotomization according 
to the corresponding cut-off value was incor-
porated into the model. The two-tailed P < 
0.05 was indicative of a significant difference. 
All statistical analyses were performed in the 
SPSS (Version 26.0; IBM Corp., Armonk, NY) 
and R software.

Results

Baseline characteristics of the cohort

The demographics and clinical charac-
teristics of the cohort are summarized in Ta-
ble 1. The mean age of the participants was 
59.3 ± 10.5 years, and 65.8% of them were 
men. Out of 73 participants, 58 (79.5%) had 
HBV-related liver disease. 

Solitary tumor was the predominant sub-
type (90.4%), and the mean tumor maximum 
diameter was 2.2 cm ± 1.1 cm, with 37 (50.7%) 
being more than 2 cm and 16 (21.9%) being 
more than 3 cm in diameter. A total of 81 le-
sions were analyzed in the cohort. ETV and 
TTV were 4,748.00 mm3 (2,076.68, 10,845.50) 
mm3 and 47,48.00 (2,076.68, 11,981.00) mm3, 

respectively. In addition, Child–Pugh class 
A (79.5%) was mostly observed in the liver 
function reserve evaluation.

Additional volumetric cut-off values

After univariate and multivariate binary 
logistic regressions, BCLC A stage and ETV 
were identified as risk factors associated 
with survival; therefore, two variables were 
selected in the decision-tree analysis. The 
cut-off value of ETV (>23,000 mm3) in the de-
cision-tree model is shown in Figure 3. 

Additionally, X-tile software showed 
that a plateau of ETV values ranging from 
12,424.00 mm3 (sphere equivalent to 2.87 
cm in diameter) to 13,560.32 mm3 (sphere 
equivalent to 2.94 cm in diameter) enables 
significant stratifications in survival analysis. 
As the above-mentioned values were close 
to 14,137 mm3, a total of three volumetric 
cut-off values were analyzed in Cox regres-
sion models, including 4,188 mm3 (sphere 
equivalent to 2 cm in diameter), 14,137 mm3 

(sphere equivalent to 3 cm in diameter), and 
23,000 mm3 (sphere equivalent to 3.5 cm in 
diameter). The analytical process in X-title is 
exhibited in Supplementary Material 1.

Intra- and inter-reviewer agreement assess-
ment and correlation between linear and 
volumetric measurement

Table 2 illustrates that there was excel-
lent consistency in intra- and inter-reviewer 
assessments. Considering the presence of 
multiple tumors, the correlation between 
linear and volumetric measurement were an-
alyzed for index tumor. Figure 4 shows that 
the maximum tumor diameter was robustly 
positively correlated with ETV (R = 0.846, P < 
0.001), and good consistency was observed 
between diameter-derived spherical vol-
ume and ETV, especially for individuals with 
a volume <30,000 mm3 (Figure 5). It is noted 
that diameter-derived spherical volume was 
overestimated in comparison with ETV (P = 
0.003). Similarly, there was a strong correla-
tion between ETV and TTV (R = 0.966, P < 
0.001).

Tumor burden measurements associated 
with survival

After a median follow-up of 31.0 (16.0, 
36.3) months, 14 patients died. The cumula-
tive OS at 1, 3, and 5 years was 97.0%, 82.1%, 
and 72.2%, respectively. As for survival strat-
ification regarding the tumor burden, pa-
tients could be divided into two groups ac-
cording to 3 cm in diameter or all volumetric 
cut-off values, with significant differences in 

Table 1. Demographics and clinical characteristics of the cohort

Variable Cohort (n = 73)

Sex (male, %) 50 (65.8)

Age (year) 59.32 ± 10.5

Etiology (HBV/HCV/alcoholic/others, %) 58 (79.5)/1(1.4)/7(9.6)/7(9.6)

BCLC stage (0/A, %) 34 (46.6)/39 (53.4)

Tumor number (single/multiple, %) 66 (90.4)/7 (9.6)

Child–Pugh class (A/B, %) 58 (79.5)/15 (20.5)

MELD-Na score 8.55 ± 2.7

ALB (g/L) 36.06 ± 5.6

TBIL 16.23 (12.03,22.03)

ALT 25.07 ± 10.3

PLT 111 (75.5, 175.5)

GGT 42 (27.5,68.0)

AFP 5.66 (3.17, 22.91)

Tumor maximum diameter (cm) 2.2 ± 1.1

≤2 cm/>2 cm, % 
≤3 cm/>3 cm, % 

36 (49.3)/37 (50.7)
57 (78.1)/16 (21.9)

ETV (mm3) 4748.00 (2076.68, 10845.50)

TTV (mm3) 4748.00 (2076.68, 11981.00)

Continuous variables with non-normal distribution were expressed as median (interquartile range), otherwise 
expressed as mean ± standard deviation. BCLC, Barcelona Clinic Liver Cancer staging system; MELD-Na, model for 
end-stage liver disease incorporating sodium; ALB, albumin; TBIL, total bilirubin; ALT, alanine aminotransferase; PLT, 
platelet; GGT, glutamyl transferase; AFP, alpha-fetoprotein; ETV, enhancing tumor volume; TTV, total tumor volume.
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survival analysis between high and low tu-
mor burden groups and a markedly worse 
prognostic status in the high tumor burden 
group (all P < 0.05). The corresponding sur-
vival curves are displayed in Figure 6. 

Comparison among different multivariate 
Cox models incorporating tumor burden 
measurements

After the univariate Cox regression (Table 
3), each eligible tumor burden cut-off value 
was analyzed in the multivariate Cox model 
as a covariate. A total of four models were 
constructed, as shown in Table 4.

At multivariate analysis, ETV cut-off val-
ues, 14,137 mm3 [hazard ratio, 3.896; 95% 
confidence interval (CI): 1.012–14.993] or 
23,000 mm3 (hazard ratio: 4.343; 95% CI: 
1.176–16.034), were associated with im-
paired long-term survival. Considering haz-
ard odd and ease of use, 23,000 mm3 was re-
garded as the optimal tumor burden cut-off 
value. Except for tumor volume, BCLC stage 
and elevated serum AFP level were also as-
sociated with a reduced survival rate in other 
models.

Discussion
In this study, the comparison of prog-

nostic performance between linear and 
volumetric measurements in differentiating 
survival was presented. ETV was a better 
parameter than the diameter for assessing 
tumor burden in patients with HCC at BCLC 
0 and A stages after RFA. For those patients, 
a volumetric value of 23,000 mm3 was the 
optimal cut-off value in terms of maximum 
statistical power and convenience of use.

An important finding from this study is the 
recognition that HCC patients at BCLC 0 and 
A stages who achieved longer survival had 
lower ETV, which aligns with prior results.8,34 
The linear measurement is still the mainstay 

of tumor burden marker. Regarding tumor 
volumetry at BCLC 0 and A stages, most prior 
studies adopted diameter-derived formulas 
to assess tumor volume. However, compared 
with semi-automatic segmentation, the for-
mula estimation appears to be idealistic and 
ignores the discrepancies in tumor growth 
among different planes.35 

In clinical practice, HCC lesions at early 
stages are characterized by small size and 
little avascular necrosis, thus rendering di-
ameter-based assessment feasible. However, 
tumor diameter could not thoroughly reflect 
the actual tumor burden compared with tu-
mor volume.6 In this study, tumor volume 
appeared to be more sensitive and accurate 
than the diameter in predicting survival. It is 
surmised that tumor volume could amplify 
the subtle difference in diameter. 

In addition, it is noted that HCC lesions 
at BCLC A stage were comparable to each 
other in most cases, possibly because of 
multiple-center carcinogenesis. Even though 
some studies indicated that there was no ad-
ditional predicting value when comparing 

single index lesion with all targeted ones,34,36 
their conclusions were drawn from interme-
diate-stage or advanced patients with HCC 
cohort. Therefore, for multifocal HCCs, the 
total volumetric tumor burden, consisting of 
all radiologic measurable lesions, was calcu-
lated and included in survival analysis rather 
than the maximum diameter or volume of 
the index lesion. 

This study also aimed to optimize the vol-
umetric cut-point for patients with HCC at 
BCLC 0 and A stages. With respect to interme-
diate-stage HCC, mounting studies have ad-
opted cut-off values derived from sphere vol-
ume equivalent to 3 or 5 cm in diameter and 
proved that volumetric cut-points derived 
from the Milan or RECIST criteria were effec-
tive to identify a survival benefit or a more 
positive tumor response compared with cur-
rent linear criteria.6,8,10,12,13 As such, the cut-off 
values, 4,188 mm3 and 14,137 mm3 (sphere 
volume equivalent to 2 or 3 cm in diameter), 
in reference to BCLC 0 or A stage, were select-
ed. Moreover, with the purpose of maximiz-
ing the statistical power and avoiding redun-
dancy from other endpoint-related variables, 

Table 2. The evaluations of intra- and inter-reviewer agreements in various tumor burden parameters and correlations between diameter 
and volume as well as ETV and TTV

Parameters Intra-reviewer agreement Inter-reviewer agreement

HR (95% CI) P value HR (95% CI) P value

Maximum tumor diameter 0.986 (0.968–0.992) <0.001 0.964 (0.944–0.978) <0.001

Index tumor volume 0.930 (0.878, 0.955) <0.001 0.942 (0.880, 0.956) <0.001

ETV 0.912 (0.863, 0.950) <0.001 0.846 (0.790, 0.880) <0.001

TTV 0.914 (0.866, 0.958) <0.001 0.840 (0.774, 0.868) <0.001

Correlation (r) P value

Diameter vs. ETV 0.846 <0.001

ETV vs. TTV 0.966 <0.001

HR, hazard ratio; CI, confidence interval; ETV, enhancing tumor volume; TTV, total tumor volume.

Figure 3. The decision-tree analysis for selecting a cut-off value. The cut-off value of tumor volume, 23,000 
mm3, and Barcelona Clinic Liver Cancer stage were selected in the decision-tree model. BCLC, Barcelona 
Clinic Liver Cancer staging system.

volume > 23,000 mm3 
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X-tile and decision-tree analysis were used 
to select additional volumetric cut-off val-
ues. In the decision-tree analysis, as one of 
two bifurcate variables, larger tumor volume 
was associated with higher mortality, being 
a prerequisite of the BCLC A stage. Further-
more, tumor volume is expected to grow in 
importance as a powerful marker in the con-
text of HCC at BCLC A stage, possibly because 
the difference in individual tumor volume 
widens substantially with the increase in tu-
mor diameter and number. 

In the selection of tumor burden pa-
rameter, ETV as a volumetric candidate was 
used in prognostic evaluation rather than 
TTV, thereby minimizing the user interac-
tion in the segmentation process. There was 
a strong agreement between ETV and TTV, 
likely owing to the fact that early HCC lesions 
were seldom prone to tumor necrosis and 
signal heterogeneity, especially for those less 
than 3 cm in diameter. This study’s results 
showed that the diameter-derived sphere 
volume was larger than the tumor volume 
on the basis of the assumption of rotational 
symmetry, which was consistent with prior 
findings in experimental and clinical animal 
studies.37-39 Consequently, the spherical cut-
points may facilitate the re-identification in 
patient subgroups that possibly benefit from 
locoregional or salvage therapies.34,38

This study’s analyses showed a high intra- 
or inter-reviewer consistency in the results 
of semi-automated tumor segmentation 
of ETV and TTV. The algorithm adopted a 
combination of quantitative steps (signal in-

Figure 4. The maximum tumor diameter was robustly positively correlated with tumor volume.

Figure 5. The Bland–Altman analysis. A good consistency was observed between diameter-derived 
spherical volume and the enhanced tumor volume, especially for individuals with volume <30,000 mm3. 
ETV, enhancing tumor volume.

Figure 6. Four survival curves stratified by different tumor burden cut-off values. The 3 cm diameter and 3 volumetric cut-off values achieved good separation of 
the survival curves.
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tensity determination, region-growing) and 
visual identification (seed-point), exhibiting 
a strong correlation on radiologic-patholog-
ic assessment.40,41 Compared with full-au-
tomated segmentation, the accuracy and 
agreement as well as necessary subjective 
adjustment were balanced in semi-automat-
ed segmentation.40,42,43 

Collectively, this study presented a po-
tential algorithm for case-finding of higher 
tumor burden in patients at BCLC 0 and A 
stages to improve predicting performance. 
However, several limitations persisted. First, 
the limited number of multifocal patients 

necessitates further validation for volumetric 
cut-off value. Second, the tumor volume as-
sessment required sophisticated processing 
using patent commercial software in prior 
publications. An algorithm of tumor seg-
mentation in the open-source software was 
provided in this study, yet the individual seg-
mentation process would still take about 3–5 
minutes, which inevitably poses a time-con-
suming challenge for practitioners. Third, 
the single-center and retrospective nature 
of this study as well as a limited sample size 
could lead to a cautious interpretation of the 
results.

In conclusion, the volumetric measure-
ment outperforms the linear measurement 
on tumor burden evaluation for survival 
stratification in patients at BCLC 0 and A 
stages HCC, and ETV >23,000 mm3 suggests 
patients with poorer survival. 
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Supplementary Material 1 .

1. Tumor segmentation

In most cases, tumor burden analysis 
is limited to sophisticated processing and 
patent commercial software, leading to the 
utilization of linear tumor measurement, like 
diameter or cross-product on a single axial 
slice, as a proxy for actual volume. Here, we 
use a open-source software ITK-SNAP (www.
itksnap.org/pmwiki/pmwiki.php) with a re-
gion-growth computed algorithm to calcu-
late tumor volume and enhanced volume, 
with the aim of a cost-effective, standard-
ized, and repeatable measurement in rou-
tine clinical settings.

The segmentation processes were based 
on a seed-growing algorithm, namely re-
gion-growth algorithm. This algorithm was 
based on voxel thresholding, thereby quan-
tifying the signal in a voxel-by-voxel fashion.

1) Four quadrate regions of interest (ROIs), 
within the ipsilateral lobe of the lesion if pos-
sible, were prescribed on the magnetic reso-
nance imaging (MRI) at the late arterial phase 
(20 sec) in areas adjacent to tumor boundar-
ies, away from blood vessels, liver boundar-
ies, and other structures. And at least 2 ROIs 
were placed in which the largest tumor area 

was emerging. The signal intensity of each 
ROI region is the average value of the signal 
intensity of the voxels in the corresponding 
region. The final threshold, namely the mean 
intensity value (MIV),  is the average value of 
the four ROI regions.

2) When the segment tool was set up, a re-
gion including the index tumor was chosen 
manually using a square frame.

3) The seed points were set in the hy-
perenhancement part of the tumor visual-
ly based on the hepatocellular carcinoma 
(HCC) enhanced characteristic. The necrotic 
areas, cysts, and vessels related to each le-
sion at the certain slice were also avoided, as 
identified on T2-weighted imaging (T2WI) or 
arterial early phase images. Meanwhile, the 
pre-enhanced T1WI image was scrutinized 
to distinguish high signal intensity, like 
hemorrhage, so as to avoid overestimate en-
hanced tumor volume value. Using the “col-
or map editor” function to adjust the signal 
intensity contrast between the tumor and 
liver background with aim of easier bubble 
placement. The exterior delineated bubbles 
were placed inside the edge of the enhanced 
part of lesion with being tangent to the in-
ner margin in principle, and the interior 
delineated bubbles were placed randomly.  

The bubble radius was adjustable to accom-
modate tumors of different sizes. In addition, 
the cross-referencing with coronal and sagit-
tal reconstructed MRI images were used for 
an accurate supplement of bubble.

4) After placing the bubbles, the number 
of iterations of the bubble evolution needs 
to be set, which is determined the tumor 
size, region competition force and smooth-
ing force. The latter two parameters can be 
adjusted, with reference to the animation 
presentation. In this study, the region com-
petition force was set as 0.8, and smoothing 
force value was set as default value. In regard 
to the small HCC diameter in this study, the 
numbers of iterations of the bubble evo-
lution were set as 8-12. The voxel inside or 
peripheral of the seed was clustered if the 
signal intensity was distributed within the 
threshold interval, ranging from the MIV+2 
standard deviations to abdominal aorta sig-
nal intensity. In this step, tumor enhanced 
volume was obtained. Considering the pres-
ence of low or delayed enhancement com-
ponents, such as fibrotic scarring within the 
tumor, the brush tool was used to cover the 
unmasked components in the tumor. Then, 
the total tumor volume was calculated.

1)

2)

1)

2)
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PURPOSE
This study aimed to evaluate the potential of machine learning-based models for predicting car-
cinogenic human papillomavirus (HPV) oncogene types using radiomics features from magnetic 
resonance imaging (MRI).

METHODS
Pre-treatment MRI images of patients with cervical cancer were collected retrospectively. An HPV 
DNA oncogene analysis was performed based on cervical biopsy specimens. Radiomics features 
were extracted from contrast-enhanced T1-weighted images (CE-T1) and T2-weighted images 
(T2WI). A third feature subset was created as a combined group by concatenating the CE-T1 and 
T2WI subsets. Feature selection was performed using Pearson’s correlation coefficient and wrap-
per-based sequential-feature selection. Two models were built with each feature subset, using sup-
port vector machine (SVM) and logistic regression (LR) classifiers. The models were validated using 
a five-fold cross-validation technique and compared using Wilcoxon’s signed rank and Friedman’s 
tests. 

RESULTS
Forty-one patients were enrolled in the study (26 were positive for carcinogenic HPV oncogenes, 
and 15 were negative). A total of 851 features were extracted from each imaging sequence. After 
feature selection, 5, 17, and 20 features remained in the CE-T1, T2WI, and combined groups, respec-
tively. The SVM models showed 83%, 95%, and 95% accuracy scores, and the LR models revealed 
83%, 81%, and 92.5% accuracy scores in the CE-T1, T2WI, and combined groups, respectively. The 
SVM algorithm performed better than the LR algorithm in the T2WI feature subset (P = 0.005), and 
the feature sets in the T2WI and the combined group performed better than CE-T1 in the SVM mod-
el (P = 0.033 and 0.006, respectively). The combined group feature subset performed better than 
T2WI in the LR model (P = 0.023).

CONCLUSION
Machine learning-based radiomics models based on pre-treatment MRI can detect carcinogenic 
HPV status with discriminative accuracy.

KEYWORDS
Artificial intelligence, human papillomavirus DNA tests, machine learning, radiology, uterine cervical 
neoplasms

Cervical cancer is the fourth most common female cancer and the second most com-
mon in women aged 15–44.1 The etiological factor in more than 95% of cervical cancer 
cases is human papillomavirus (HPV).2-4 Fifteen of more than 200 oncogene types are 

identified as high risk, and type-16 and -18 HPV infections are the most common in women 
with cervical cancer.5 In addition, several studies in the literature report that HPV DNA sta-

From the Clinic of Radiology (O.İ.  okan_ince@yahoo.
com, S.Ö. H.Ö.), University of Health Sciences Turkey, Prof. 
Dr. Cemil Taşcığlu City Hospital, İstanbul, Turkey; Clinic 
of Radiation Oncology (E.U., B.D.Y.), University of Health 
Sciences Turkey, Prof. Dr. Cemil Taşcığlu City Hospital, 
İstanbul, Turkey; Department of Radiology (G.D., Ş.M.E.), 
İstanbul University, İstanbul Faculty of Medicine, İstanbul, 
Turkey.  

Received 11 Jan 2022; revision requested 21 Feb 2022; 
last revision received 11 Oct 2022; accepted 16 Nov 2022.

Epub: 21.12.2022

Publication date: 30.05.2023

DOI: 10.4274/dir.2022.221335

Prediction of carcinogenic human papillomavirus types in cervical 
cancer from multiparametric magnetic resonance images with machine 
learning-based radiomics models

Diagn Interv Radiol 2023; DOI: 10.4274/dir.2022.221335

https://orcid.org/0000-0002-5083-5490
https://orcid.org/0000-0002-4737-4304
https://orcid.org/0000-0002-1608-1955
https://orcid.org/0000-0002-3430-3224
https://orcid.org/0000-0002-2694-3694
https://orcid.org/0000-0003-4086-675X
https://orcid.org/0000-0001-5207-3314


Radiomics with machine learning in HPV prediction • 461

tus is associated with treatment response, 
disease-free survival, and overall survival in 
patients with cervical carcinoma.6-10

Radiomics is a method for extracting 
quantitative features from medical imaging. 
In medical imaging, hundreds of radiomic 
features can be extracted from pixels invisi-
ble to the human eye.11 Various studies have 
been published using radiomics features to 
predict tumor histopathology, stage, grade, 
and clinical outcomes in cervical cancer.11-15 
Additionally, different high-accuracy per-
formance machine learning-based models 
have been created to predict HPV status in 
oropharyngeal cancer using radiomics fea-
tures.16,17 However, no studies have been 
reported that investigate the prediction of 
HPV status in cervical cancer using radiomics 
features obtained from magnetic resonance 
imaging (MRI). 

This study aimed to evaluate the poten-
tial value of machine learning-based models 
for predicting carcinogenic HPV oncogene 
types in cervical cancer by extracting radio-
mics features from MRI.

Methods
Ethics

This was a retrospective study conducted 
with the approval of our institutional ethics 
review board (approval number: 514.10/35). 
Informed consent was waived due to retro-
spective nature of the study.

Patient eligibility

Patients admitted to our radiation oncolo-
gy department between 2015 and 2018 with 
squamous cell carcinoma of the uterine cer-
vix were enrolled in this study. Their clinical 
data (age, smoking history in years, and tu-
mor stage) were reviewed. The tumor stage 
was determined by assessing lymph node 
involvement by positron emission tomog-
raphy–computed tomography images and 

the presence of distant metastasis. Pre-treat-
ment pelvic MRI images were evaluated. Pa-
tients without pre-treatment MRI images in 
our Picture Archiving and Communication 
Systems and those in whom the images had 
prominent artifacts were excluded. Figure 1 
summarizes the radiomics work pipeline. 

The authors acknowledge that some of 
the patients’ data were used in another study 
investigating the correlation between radio-
therapy response and HPV infection status.18

Gold standard

The gold standard for the study was HPV-
DNA oncogene analysis performed with re-
verse-transcriptase polymerase chain reac-
tion (rt-PCR) from cervical biopsy materials. 
A dedicated research laboratory performed 
the HPV-DNA oncogene analysis.

MRI technique

The two primary pelvic MRI sequences 
selected for the radiomics input were the 
sagittal T2 weighted images (T2WI) and 
the contrast-enhanced  three-dimension-
al  fast  spoiled  gradient echo sequence (CE-
T1) (T1W high-resolution isotropic volume 
examination/liver acquisition with volume 
acquisition). MRI examinations were per-
formed using two 1.5-T unit MRI scanners 
[Achieva 1.5-T (Philips Healthcare, Nether-
lands) and Signa Dx (GE Medical Systems, 
USA)] using phased-array body coils. The 
imaging protocol for sagittal T2WI was rep-
etition time/echo time (TR/TE): 5,300/100 
ms, field of view (FOV): 24 cm, matrix: 320 × 
256, and slice thickness/slice gap: 5/2 mm. 
The parameters selected for CE-T1 were TR/
TE: 4.1/1.1 ms, FOV: 32 cm, matrix: 288 × 192, 
and slice thickness/slice gap: 3/0.3 mm. The 

time delay was set at 40 sec to achieve the 
late arterial phase.

Image preprocessing and feature extraction 

The images were preprocessed with an 
N4ITK magnetic bias-field correction algo-
rithm to avoid the intensity differences and 
substantial noise caused by different scan-
ners.19 After preprocessing, pixels were res-
caled to 1 × 1 mm2 with a cubic B-spline in-
terpolation, and gray levels were discretized 
to a fixed gray-level bin width of 3.20

Segmentations were performed from 
sagittal T2WI and sagittal reconstructed 
CE-T1 images semi-automatically by two 
radiologists, one with experience of more 
than 20 years in abdominal radiology and 
a fourth-year resident, with consensus. For 
better orientation to the tumor, axial images 
of CE-T1 were used when needed. The largest 
cross-sectional area of cervical tumors was 
segmented with the freely available 3D Slicer 
software (v.4.10.2) (Figure 2). A 2-mm shrink-
age was applied to every segmented label 
to extract the exact tumor texture. Six sub-
groups of radiomics features were extracted 
from the original and wavelet-filtered imag-
es by the PyRadiomics extension package 
included in the 3D Slicer software.21 

Feature selection and data handling

For the stability of the machine learning 
models, data preprocessing steps that ma-
jorly impact classification solvers22 were fol-
lowed as standardization and discretization 
to 10 bins, with a uniform bin width.

Feature selection is a requisite to avoid 
overfitting the model with high-dimension-
al data, as it reduces dimension. A two-step 
process was followed for feature selection. 

Main points

• Prediction of carcinogenic human papillo-
mavirus (HPV) oncogenes enables the iden-
tification of high-risk patients and can be 
used as a prognostic marker.

• Machine learning-based radiomics models 
can predict carcinogenic HPV DNA status in 
cervical cancer. 

• Similar accuracy rates from different algo-
rithms show the feasibility of machine learn-
ing-based models.

Figure 1. Summary of radiomics pipeline.
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First, Pearson’s correlation coefficient was 
used to select and drop redundant fea-
tures. Feature pairs with higher collinearity 
than the 0.7 thresholds were detected, and 
those with high collinearity to the other 
features were dropped.23 Second, non-re-
dundant features were used to input a 
wrapper-based sequential-feature selec-
tion algorithm with a support vector ma-
chine (SVM) algorithm as a learning estima-
tor. The wrapper-based sequential-feature 
selection was performed with backward 
propagation with five-fold cross validation. 
In this wrapper method, multiple learning 
models with various feature subsets were 
trained with training folds and tested with 
the remaining test fold using a five-fold 
cross-validation technique. The data were 
divided into five equal parts. In a five-folded 
turn, one data part was selected as test data, 
with the remaining four as training data. A 
different part of the data was selected as 
test data in each fold. Thus, the phenome-
non of “double-dipping” was avoided.24 As 
with the backward propagated wrapper 
method, the models were initiated with all 
the features included. The selection process 
was performed by eliminating the least im-
portant ones until the stopping conditions 
were satisfied.

Model building

The selected features from T2WI, CE-T1, 
and the combined datasets were included 
as inputs to the machine learning models. 
To evaluate the feasibility of the machine 
learning algorithms, two different models 
with different contexts were built by cod-
ing in Python (v.3). The algorithm of the 
first model was SVM, with hyperparameters 
of C:1.0 and kernel: “linear.” The second al-
gorithm was selected as logistic regression 
(LR), with hyperparameters of C:1, solver: 
“liblinear,” and regularization penalty: “L2.” 
A five-fold cross-validation method evalu-
ated the performance of the models. 

Statistical analysis

Descriptive statistics of the data are pre-
sented as numbers and percentages (n, %), 
non-normalized variables are shown as me-
dians (interquartile range), and normalized 
variables (for parametric tests) as mean ± 
standard deviation. An independent-sam-
ples t-test and a Mann–Whitney U test were 
performed on the numeric variables after 
a normality analysis using the Kolmogor-
ov–Smirnov test. Fisher’s exact test and the 
Fisher–Freeman–Halton exact test were per-
formed when appropriate. Receiver operat-
ing characteristics (ROC) curves were plotted 
in the Python coding environment using the 

“sci-kit learn” library. The area under the ROC 
curve (AUC) was calculated with P values. 

Comparisons between the models with 
LR and SVM algorithms were performed us-
ing Wilcoxon’s signed rank test. Comparisons 
of the models with different feature subsets 
were performed using Friedman’s test. The 
Dunn–Bonferroni post-hoc test was con-
ducted if statistical significance was found. 
Statistical analysis was performed using 
SPSS software v.23,25 and the statistical sig-
nificance level selected was P < 0.05. 

Results

Patients

There were 98 patients enrolled in the 
study. Fifty patients were excluded due to 
a lack of imaging, and seven were excluded 
because of prominent artifacts in their imag-
es. Twenty-six (63%) patients were positive 
for HPV-DNA oncogenes (types 16, 31, 45, 
or 52) according to the rt-PCR test. Fifteen 
(37%) patients were negative for HPV-DNA 
oncogenes. Table 1 summarizes the charac-
teristics of the patients.

Feature extraction and selection

A total of 851 features from each of the 
CE-T1 and T2WI images were extracted. Fea-
tures were grouped as follows: 14 (1.64%) 
shape, 18 (2.11%) first order, 14 (1.64%) 
gray-level dependence matrix, 24 (2.82%) 
gray-level co-occurrence matrix, 16 (1.88%) 
gray-level run-length matrix, 16 (1.88%) 
gray-level size-zone matrix, 5 (0.06%) neigh-
boring gray-tone difference matrix, and 744 
(87.97%) wavelet-derived texture features. A 
combined dataset was created by concate-
nating features from T2WI and CE-T1.

Pearson’s correlation coefficient deter-
mined 32, 49, and 75 features as non-re-
dundant in CE-T1, T2WI, and the combined 
group, respectively. After the wrapper-based 
sequential feature selection step, the final 
feature subsets consisted of five features in 
CE-T1, 17 in T2WI, and 20 in the combined 
group. Table 2 and Figure 3 provide details of 
the selected features.

Classification performance 

The SVM models had 83.10%, 95.20%, and 
95.30% accuracy scores in the CE-T1, T2WI, 
and combined groups, respectively. The AUC 
values and 95% confidence intervals (CI) 
were 0.85 95% CI: 0.99, 0.71; 0.96, 95% CI: 1, 
0.93; and 0.98, 95% CI: 1, 0.95, P = 0.001 for 
the CE-T1, T2WI, and combined groups, re-
spectively. 

Figure 2. The segmentation process from contrast-enhanced T1-weighted images (a-b) and T2-weighted 
images (c-d).
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Table 1. Characteristics of patients

HPV-DNA oncogene (-) HPV-DNA oncogene (+) P value

Age (mean ± SD) (95% CI) 55 ± 12 (51.4, 58.6) 53 ± 12 (49.3 – 56.7) 0.980

History of smoking n (%)
Present
Absent

3 (27.27%)
12 (40%)

8 (73.73%)
18 (60%) 0.716

Years of smoking (median) (IQR) 30 (15-45) 20 (17.5-25) 0.497

Mean tumor diameter (mm) 
(mean ± SD) (95% CI) 40.8 ± 15.7 (35.9, 45.6) 45.3 ± 15.18 (40.7, 49.9) 0.500

Tumor stage n (%) 
2 B (n = 25)
C1 (n = 10)
3 C2 (n = 6)

9 (36%)
4 (40%)

2 (28.50%)

16 (64%)
6 (60%)

4 (71.50%) 1.000

HPV, human papillomavirus; SD, standard deviation; CI, confidence intervals; IQR, interquartile range.

Figure 3. The distribution of the selected features from contrast-enhanced T1-weighted images (a), T2-weighted images (b), and the combined group (c) after the 
data preprocessing steps.
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Models with the LR algorithm had 
accuracy scores of 83.13%, 81.20%, 
and 92.50% in the CE-T1, T2WI, and 
combined groups, respectively. The 
AUC values were 0.83, 95% CI: 0.96, 
0.70; 0.94, 95% CI: 0.99, 0.89; and 0.93 
95% CI: 1, 0.85, P = 0.001 for the CE-T1, 
T2WI, and combined groups, respec-
tively. Table 3 shows the detailed per-
formance metrics, and Figure 4 pres-
ents the ROC curves of all the models 
in each test fold.

The SVM model with features from 
T2WI outscored the LR model in Wil-
coxon’s signed rank test (P = 0.005, 
Table 4). There was no significant dif-
ference between the performances of 
the SVM and LR models in the CE-T1 
and combined groups (P = 1.000 each, 
Table 4).

In Friedman’s test, a significant 
difference was observed between 
the SVM models (P = 0.004). The SVM 
models showed better performance 
in the T2WI and combined groups 
than in the CE-T1 group individual-
ly (P = 0.033 and 0.006, respectively, 
Table 5). There was no statistically sig-
nificant difference between the SVM 
models in T2WI and the combined 
group (P = 1.000, Table 5). When the 
performances of the LR models were 
compared, there was a significant dif-
ference in the results of Friedman’s 
test (P = 0.018). The combined group 
performed better than the T2WI 
group (P = 0.023, Table 5). 

Discussion
In this study, we investigated the 

potential value of machine learn-
ing-based models with MRI radiomics 
analysis for predicting the carcinogen-
ic HPV status of cervical cancers. Our 
study showed that a satisfactory pre-
dictive potential could be achieved 
with machine learning-based mod-
els. We built machine learning-based 
models with two different algorithms 
that work on different principles to 
reduce the possibility of overfitting 
and to test the feasibility of various 
models. Achieving similar accuracy 
rates from both algorithms shows the 
feasibility of machine learning-based 
models for predicting oncogenic HPV 
types. 

In the literature, no study has been 
conducted that investigates the pre-Ta
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dictability of carcinogenic HPV status from 
pre-treatment MRI. Therefore, we were not 
able to compare our results with those of 
other studies.

Practical implications

The results of our study could be helpful 
in clinical practice. HPV plays a significant 
role in the development of cervical cancer. 
Additionally, many studies have investigated 

the impact of pre-treatment HPV status on 
prognosis. A recently published meta-anal-
ysis indicated that positive HPV DNA status 
favors good prognosis in cervical cancer.26 
The tests that detect HPV DNA are divided 
into nucleic acid hybridization assays, signal 
amplification assays, and nucleic acid am-
plification assays. HPV DNA is detected by 
rt-PCR and Hybrid Capture II tests. However, 
the HPV DNA test is not routinely performed 

in patients with cervical cancer, especially in 
middle- and low-income countries.27 Consid-
ering that cervical cancer is mostly fatal in 
countries with a low socioeconomic status,28 
the prediction of carcinogenic HPV DNA 
from MRI can be an alternative to molecular 
HPV DNA tests. 

Although the prognostic role of HPV in 
cervical cancer has been reported in a com-
prehensive meta-analysis,27 several studies 

Figure 4. (a-f) The ROC curves achieved in all the models for each test fold. SVM, support vector machine; LR, logistic regression; CE-T1, contrast-enhanced T1 
images; T2WI, T2- weighted images; ROC, receiver operating characteristic; AUC, area under the receiver operating characteristics curve.
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have shown that HPV status does not have 
any prognostic significance.29-32 In addition 
to the studies showing that HPV negativity 
before treatment is a poor prognostic fac-
tor for disease-free survival and overall sur-
vival,8,9,31,33,34 one study has shown that the 
carcinogenic HPV subtype has prognostic 
significance.31 Based on these findings, it is 
clinically beneficial to detect HPV DNA status 
before treatment. 

The present study investigated the pre-
diction of HPV status using pre-treatment 
MRI images. However, the changes in HPV 
status after treatment have also been shown 
to impact prognosis. Persistent HPV positiv-
ity in patients after radiotherapy is a poor 
prognostic factor.6,7,10

Limitations and generalizability

Our study has several limitations. First, 
this was a retrospective study; since all the 
data were obtained from previous record-
ings, this could have led to a selection bias. 
Second, the images were obtained from 
two scanners, which, although it may be 
challenging for machine learning models, 
simulates clinical practice. With the image 
preprocessing steps, we aimed to standard-
ize the variation from different scanners and 
protocols to be able to generalize machine 
learning-based models. Third, the segmen-
tations were performed semi-automatically 
by two radiologists in consensus to increase 
the segmentation accuracy. Therefore, a 
reproducibility analysis could not be per-

formed. Fourth, the authors segmented the 
most significant slice of the tumor in two-di-
mensional planes. According to tumor 
heterogeneity, volumetric segmentation 
may be a more precise method; however, 
it is impractical and needs excessive time. 
Moreover, most studies on texture analysis 
in cervical cancers are designed based on 
this technique. Fifth, features from quanti-
tative MRI maps, such as the apparent dif-
fusion coefficient, could not be extracted 
due to a lack of diffusion-weighted imaging 
sequences in the imaging protocols.35 Fi-
nally, we did not split our data into training 
and test sets. However, we used a five-fold 
cross-validation technique. Since our pa-
tient population was small, we could not af-

Table 3. Detailed performance metrics of the models

Models Accuracy Sensitivity Specificity Precision Recall F1 AUC (95% CI) P AUC AUC SE

SVM– CE-T1 83.10% 0.84 0.82 0.88 0.84 0.86 0.85 (0.99, 0.71) 0.001 0.071

LR–CE-T1 83.13% 0.88 0.75 0.86 0.88 0.87 0.83 (0.96, 0.70) 0.001 0.051

SVM–T2WI 95.20% 0.92 0.99 0.99 0.92 0.96 0.96 (1, 0.93) 0.001 0.017

LR–T2WI 81.20% 0.84 0.76 0.85 0.84 0.84 0.94 (0.99, 0.89) 0.001 0.025

SVM–combined 95.30% 0.99 0.86 0.94 0.99 0.97 0.98 (1, 0.95) 0.001 0.012

LR–combined 92.50% 0.91 0.93 0.96 0.92 0.94 0.93 (1, 0.85) 0.001 0.038

SVM, support vector machine; CE-T1, contrast-enhanced T1-weighted images; LR, logistic regression; T2WI, T2-weighted images; AUC, area under the receiver operating 
characteristics curve; F1 measure, a harmonic of precision and recall; SE, standard error; P AUC, P values of the AUC.

Table 4. Comparisons between performances of support vector machine and logistic regression algorithms according to the Wilcoxon 
signed rank test

Algorithm comparison (SVM vs. LR)

Imaging sequence Median (IQR) P

CE-T1 SVM
CE-T1 LR

0.85 (0.82–0.88)
0.84 (0.75–0.88) 1.000

T2WI SVM
T2WI LR

0.96 (0.92–0.99)
0.84 (0.76–0.94) 0.005

Combined SVM
Combined LR

0.95 (0.86–0.99)
0.93 (0.91–0.96) 1.000

SVM, support vector machine; LR, logistic regression; CE-T1, contrast-enhanced T1-weighted images; T2WI, T2-weighted images; IQR, interquartile range.

Table 5. Comparisons between the same algorithm-based models with features from different imaging sequences according to Friedman’s 
test

Algorithms Imaging sequence Median (IQR) Mean rank P value of pairwise comparisons

SVM
(P = 0.004)

CE-T1 0.85 (0.82–0.86) 1.0 0.033 (vs. T2WI)
0.006 (vs. combined)

T2WI 0.96 (0.92–0.99) 2.36 0.033 (vs. CE-T1)
1.000 (vs. combined)

Combined 0.95 (0.86–0.99) 2.64 0.006 (vs. CE-T1)
1.000 (vs. T2WI)

LR
(P = 0.018)

CE-T1 0.84 (0.77–0.87) 1.71 1.000 (vs. T2WI)
0.090 (vs. combined)

T2WI 0.84 (0.76–0.94) 1.43 1.000 (vs. CE-T1)
0.023 (vs. combined) 

Combined 0.93 (0.91–0.96) 2.86 0.090 (vs. CE-T1)
0.023 (vs. T2WI)

SVM, support vector machine; LR, logistic regression; CE-T1, contrast-enhanced T1-weighted images; T2WI, T2-weighted images; IQR, interquartile range. 
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ford losing any information that could have 
been beneficial for training. 

In conclusion, machine learning-based 
radiomics models based on pre-treatment 
MRI can detect carcinogenic HPV status with 
discriminative accuracy. The fact that HPV 
status, an essential prognostic factor in sur-
vival, can be predicted by MRI raises the issue 
of whether we can predict survival using MRI.
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Combining primary tumor features derived from conventional and 
contrast-enhanced ultrasound facilitates the prediction of positive 
axillary lymph nodes in Breast Imaging Reporting and Data System 
category 4 malignant breast lesions

Yu Du 
Chun-Bei Yi 
Li-Wen Du  
Hai-Yan Gong  
Li-Jun Ling 
Xin-Hua Ye 
Min Zong 
Cui-Ying Li 

PURPOSE
To determine whether the primary tumor features derived from conventional ultrasound (US) and 
contrast-enhanced US (CEUS) facilitate the prediction of positive axillary lymph nodes (ALNs) in 
breast cancer diagnosed as Breast Imaging Reporting and Data System (BI-RADS) category 4. 

METHODS
A total of 240 women with breast cancer who underwent preoperative conventional US, strain elas-
tography, and CEUS between September 2016 and December 2019 were included. The multiple 
parameters of the primary tumor were obtained, and univariate and multivariate analyses were 
performed to predict positive ALNs. Then three prediction models (conventional US features, CEUS 
features, and the combined features) were developed, and the diagnostic performance was evalu-
ated with receiver operating characteristic curves.

RESULTS
On conventional US, the traits of large size and the non-circumscribed margin of the primary tumor 
were marked as two independent predictors. On CEUS, the features of vessel perforation or distor-
tion and the enhanced range of the primary tumor were marked as two independent predictors for 
positive ALNs. Three prediction models were then developed: model A (conventional US features), 
model B (CEUS features), and model C (model A plus B). Model C yielded the highest area under the 
curve (AUC) of 0.82 [95% confidence interval (CI), 0.75–0.88] compared with model A (AUC 0.74; 
95% CI, 0.68–0.81; P = 0.008) and model B (AUC 0.72; 95% CI, 0.65–0.80; P < 0.001) as per the DeLong 
test.  

CONCLUSION
CEUS, as a non-invasive examination technique, can be used to predict ALN metastasis. Combining 
conventional US and CEUS may produce favorable predictive accuracy for positive ALNs in BI-RADS 
category 4 breast cancer.

KEYWORDS
Conventional ultrasound, contrast enhanced ultrasound, BI-RADS category, breast cancer, axillary 
lymph node metastasis

You may cite this article as: Du Y, Yi CB, Du LW, et al. Combining primary tumor features derived from conventional and contrast-enhanced ultrasound 
facilitates the prediction of positive axillary lymph nodes in Breast Imaging Reporting and Data System category 4 malignant breast lesions. Diagn Interv 
Radiol. 2023;29(3):469-477.

Advancements in ultrasound (US) equipment have significantly increased the value of 
US in breast imaging. Especially in routine breast screening among women aged <50 
years old, the application of US in the detection of mammographically occult masses 

has considerably increased.1-3 The Breast Imaging Reporting and Data System (BI-RADS) by 
the American College of Radiology (ACR) is a comprehensive and normative quality control 
tool that was designed to standardize reporting and reduce confusion over breast imaging in-
terpretations and management recommendations and enhance the US monitoring outcome. 
In 2013, the fifth edition of the BI-RADS US lexicon was published with a seven-category BI-
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RADS classification system from 0 to 6, which 
has reinforced the standardization of breast 
lesion characterization with US.4 Despite the 
advances in equipment and US physician 
experience, BI-RADS category 4 remains 
an issue of concern.5 Category 4 has a wide 
range of malignant probabilities, from 2% to 
95%,4,6 and covers sufficiently suspicious le-
sions without typical malignant features, for 
which a biopsy is recommended. In addition, 
the presence or absence of regional positive 
lymph nodes (LN) is critical to the staging, 
treatment, and prognosis of breast cancer. 
It is considered significant to the preopera-
tive identification of positive axillary lymph 
nodes (ALNs) in BI-RADS category 4 malig-
nant lesions so as to facilitate clinical deci-
sion making on patient management. 

In the past decade, the clinical use of con-
trast-enhanced US (CEUS) has expanded re-
search on its application.7,8 CEUS can provide 
more information about microvasculature 
and hemodynamics than US.9-11 Distinguish-
ing malignant and benign breast lesions by 
CEUS alone or incorporating the BI-RADS 
with CEUS has been extensively approved.12 
These studies demonstrate that CEUS or 
US + CEUS has better diagnostic perfor-
mance than US alone in differentiating breast 
lesions, and particularly, US + CEUS has a low 
negative likelihood ratio.12-15 Several studies 
have shown that the US characteristics of pri-
mary breast cancer are closely related to ALN 
metastasis and may more accurately predict 
the status of preoperative clinical LNs.16-18 
However, relevant literature rarely exists to 
report whether CEUS is useful for detecting 
positive ALNs in suspicious breast cancer le-
sions of BI-RADS category 4.

Hence, in this study, we aimed to investi-
gate whether CEUS tumor features may help 
predict positive ALNs in breast cancer diag-
nosed as BI-RADS category 4 and probe the 
role of CEUS in increasing diagnostic perfor-
mance.

Methods
The protocol of this study was approved 

by the Ethics Committee of The First Affili-

ated Hospital of Nanjing Medical University, 
and written informed consent was waived 
due to the retrospective nature of the study. 
From the breast US database, a total of 1036 
breast US examinations were performed be-
tween September 2016 and December 2019 
in our institution. 

Subjects and lesions

We searched our breast imaging US report 
database for findings classified as BI-RADS 
category 4, regardless of clinical data or ad-
ditional imaging studies. These detections 
were performed by L.C.Y. owing to more than 
20 years of experience in breast US. Patients 
were included if one or more suspicious le-
sions were considered as BI-RADS category 
4. Patients were excluded if (1) their lesions 
manifested as non-mass-like types, which 
mainly refers to the ductal hypoechoic area, 
non-ductal hypoechoic area, a vague area of 
altered echotexture with associated archi-
tectural distortion and indistinct hypoecho-
ic area with associated posterior acoustic 
shadowing; (2) their pathologic results 
were benign; (3) their lesions underwent 
radiotherapy and chemotherapy before US 
examination; (4) they did not undergo any 
pathologic evaluation or adequate location 
correspondence between their US findings 
and the pathologic description in our online 
database; (5) they had not performed any 
US and CEUS examination; and (6) they had 
been multifocal on the US. 

The reviewers found 944 suspicious le-
sions in 840 patients. Among them, 36 lesions 
did not have available pathologic results, 85 
were confirmed to be benign, 20 could not 
accord certain location with the final pathol-
ogy, 95 showed non-mass-like lesions, 26 
underwent radiotherapy and chemothera-
py, 430 lacked CEUS results, and 12 showed 
more than one lesion. These lesions detailed 
above were excluded from the study. Finally, 
our study group comprised of 240 lesions, 
which were subjected to conventional US 
and CEUS. The diagram of the selection of 
the study population is shown in Figure 1.

Conventional ultrasound and CEUS on pri-
mary tumors

US equipment (MyLab, Twice, ESAOTE 
S.p.A. Italy) with a linear 4–13 MHz probe 
(LA523) was introduced for routine US exam-
ination, and the images of each lesion were 
recorded in at least two coordinate planes. 
Deviations in the description and evaluation 
of the US images were prevented by em-
ploying a single professional doctor (C.Y.L.) 

who had more than 20 years of experience 
in breast US. The doctor was blinded to other 
imaging examinations, such as mammog-
raphy and magnetic resonance imaging. A 
junior doctor recorded the reports. The US 
features of grayscale were described accord-
ing to the ACR US-BI-RADS standard descrip-
tors.19 The classifications of color Doppler20,21 
and strain elastography22-24 are presented in 
the form of figures (Figures 2, 3). Masses with 
characteristics such as growth not parallel to 
the skin or posterior echo attenuation were 
considered minor suspicion. Intermediate 
suspicion was defined as having a rich blood 
supply accompanied by a peak systolic ve-
locity (PSV) of ≥20 cm/s or resistance index 
(RI) of ≥0.7 or having high elasticity scores 
(scores 4 and 5) or strain ratio characteristics. 
Masses with irregular morphology, non-cir-
cumscribed margins, or inner microcalcifi-
cation characteristics were defined as signif-
icant suspicion. Lesions with minor findings 
associated with one intermediate descriptor 
were classified as BI-RADS category 4A. Le-
sions with one significant and one minor or 
intermediate characteristic or two intermedi-
ate characteristics were considered BI-RADS 
4B. Lesions with one significant and at least 
two intermediate suspicious findings or two 
significant suspicious findings were consid-
ered BI-RADS 4C.

After a grayscale US examination, CEUS 
was performed in a timely manner by using 
an US system (MyLab Twice, ESAOTE S.p.A., It-
aly) at 3–9 MHz linear probe (LA522) frequen-
cies. CEUS examination was also performed 
by C.Y.L. Low mechanical index values were 
applied (<0.2) to reduce the destruction of 
the contrast agent. The microbubbles (Son-
oVue™ BRACCO Imaging, S.p.A, Milan, Italy) 
that were used as a contrast agent were re-
constituted with 5 mL of saline (NaCl 0.9%). 
The contrast agent with 2.4 mL of SonoVue 
was injected intravenously into an elbow 
vein according to the manufacturer’s instruc-
tions at the start of the built-in timer of the 
US instrument. The US contrast process was 
continuously recorded in the original data 
format into the hard disk of the instrument 
instantly. The enhanced morphological fea-
tures were then analyzed, and the quanti-
tative parameters of the lesions and normal 
tissues were assessed with quantification 
software (QontraXt, AMID and Bracco, Milan, 
Italy) on the basis of a region of interest over 
the maximum signal intensity zones. The 
contrast enhancement pattern of the lesion 
and the migration and distribution of mi-
crobubbles was observed dynamically. The 
enhancement degree of the lesion was com-

Main points

• Larger size and a non-circumscribed margin 
are positive axillary lymph node (ALN) pre-
dictors on conventional ultrasound (US).

• Distortion of vessels and enhancement 
range are important predictive factors for 
ALNs on contrast-enhanced US (CEUS). 

• Combining conventional US and CEUS can 
help predict positive ALNs.
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pared with that of the surrounding breast 
tissue, including no or iso-enhancement, 
hypo-enhancement, medium or moderate 
enhancement, and hyperenhancement.25,26 

Enhancement patterns were characterized 
as entire or segmental, punctate, linear, or 
rim enhancements after the administration 
of the contrast medium.27 Lesion boundar-
ies were characterized as clear or blurred if 
most of its circumference (>50%) was clear-
ly or poorly visible after contrast agent ad-
ministration, respectively. Enhancement 
morphology was defined as regular or irreg-
ular. The presence or absence of perfusion 
defects and radial penetrating vessels de-
pended on the surrounding tissue toward 
the lesion. The enhancement order of the 
lesion was as follows: centripetal enhance-
ment was defined as enhancement from 
the lesion’s periphery towards its center; 
centrifugal enhancement was defined as be-
ginning from the lesion’s center towards its 
periphery; and diffusion enhancement was 
manifested as enhancement simultaneously 
deriving between the lesion’s periphery and 
center.28 The time-intensity curve (TIC) was 
defined as slow-in and slow-out, slow-in and 
fast-out, fast-in and slow-out, and fast-in and 
fast-out according to the tracing pattern. 
The quantitative parameters derived from 
the TIC included: (a) peak intensity (%) calcu-
lated by the fraction [(postcontrast intensi-
ty−precontrast intensity)/precontrast inten-
sity] × 100%; (b) time to peak (s) defined as 
the time that elapses between the moment 
when the contrast medium first reaches the 
lesion and the time of maximum signal in-
tensity after contrast medium administra-
tion; (c) enhancement range was defined as 
a lesion extent enlarged compared with the 
conventional US; (d) enhancement area as 
≥50% or <50%; and (e) area under the curve 
(AUC) the TIC.

Model development and classification

The multivariable regression analysis 
with forward elimination was performed 
with variables that had P values of less than 
0.050 on univariate analysis, and three sce-
nario models were developed: (1) model 
A (conventional US features); (2) model B 
(CEUS features); and (3) model C (model A 
plus model B). Receiver operating character-
istic (ROC) curves were used to evaluate the 
discriminatory efficiency of the models. The 
comparison of the models was assessed us-
ing the DeLong test. 

Figure 1. Flowchart illustrating the selection of the study population. US, ultrasound; CEUS, contrast-
enhanced US; ALN, axillary lymph node; BI-RADS, Breast Imaging Reporting and Data System.

Figure 2. Images of Adler blood flow classification: (a) grade 0 mapped no color flow signals in the solid breast 
mass; (b) grade I revealed minimal blood flow signals and mapped punctate color flow; (c) grade II revealed 
moderate blood flow signals and mapped more punctate color flow than grade I or visualized one thick vessel 
(the diameter of the largest vessel was between 2 and 3 mm) penetrating through the solid breast mass; (d) 
grade III revealed marked blood flow signals and mapped more punctate color flow than grade II or visualized 
equal or more than two thick vessels interwoven with each other in the solid breast mass.

a

c

b

d



472 • May 2023 • Diagnostic and Interventional Radiology Du et al.

Statistical analysis

The data analyzed included the age of the 
subjects, lesion size, stratification derived 
from US imaging characteristics (BI-RADS 
category 4A, 4B, or 4C), CEUS character-
istics, and categorized pathologic results. 
Statistical analysis was conducted using the 
software packages SPSS v25.0 and MedCalc 
v12.7. Continuous data were compared 
with the independent t-test as appropriate, 
and variables with abnormal or non-normal 
distribution were analyzed by the Mann–
Whitney U test. Categorical variables were 
compared using Fisher’s exact test or the 
Pearson chi-square test. Then, multivariate 
logistic regression analyses were introduced 
to determine the most valuable variables for 
identifying positive LNs through convention-
al US and CEUS. Multiple ROC curves were 
drawn to illustrate and compare the value of 
identified risk variables in the prediction of 
a positive LN. ALN prediction capacity was 
assessed by the AUC, sensitivity, and speci-
ficity, and the comparison of the models was 
evaluated using the DeLong test. A P value of 
<0.05 was considered to illustrate a statisti-
cally significant difference.

Results
A detailed list of lesion descriptors strati-

fied in accordance with the estimated malig-
nancy risk in BI-RADS category 4 is shown in 
Table 1. The most common breast cancer in 
this study was infiltrative ductal carcinoma, 
which was found in 183 of 240 malignant pa-
tients (76.1%), followed by ductal carcinoma 
in situ in 34 of 240 patients (14.2%). Increased 
histological grades of 2 or 3 and positive ALN 
rates were found in BI-RADS 4C, then 4B, and 
lastly, 4A. Table 2 shows the age, pathological 
types, histological grades, and positive LN re-
sults in groups 4A, 4B, and 4C.

Univariate analyses are presented in Table 
3 regarding the US and CEUS descriptors for 
predicting positive LNs. In the conventional 
US features, the univariate analyses showed 
that lesion size, margin, blood flow, PSV, RI, 
posterior echo, and BI-RADS category were 
associated with positive ALNs (P < 0.05). In 
the CEUS features, vessel perforation or dis-
tortion, enhancement range, and TIC curves 
were significantly different between posi-
tive and negative groups (P < 0.05). Among 
the multivariate analyses (Table 4), lesion 
size [odds ratio (OR), 1.11; 95% confidence 
interval (CI), 1.06–1.64], margin (OR, 3.39; 
95% CI, 1.75–6.57), perforation or distor-
tion vessels (OR, 3.94; 95% CI, 2.04–7.63), 
and enhancement range (OR, 0.28; 95% CI, 

0.15–0.55) were the most important factors 
to distinguish positive ALNs (P <0.001). These 
imaging features of the tumor are shown 
in Figures 4 and 5. The ROC curves (Figure 
6) showed that model C yielded the better 
AUC of 0.82 (95% CI, 0.75–0.88) than model 
A (AUC, 0.74; 95% CI, 0.68–0.81) and model 
B (AUC, 0.72; 95% CI, 0.65–0.80). Model C 
yielded optimal diagnostic performance in 
predicting positive ALN compared with the 
other two models (both P < 0.05, as per the 
DeLong test). The sensitivity of model A, B, 
and C were 67.1%, 41.1%, and 80.8%, respec-
tively, while the specificity was 73.1%, 92.2%, 
and 72.9%, respectively.

Discussion
The present study identified that the traits 

of larger size and non-circumscribed margin 
are marked as two independent predictors 
for positive ALNs on conventional US. We 
also found that vessel perforation or distor-
tion and a conspicuous TIC curve are the 
other two important predictive factors for 
positive ALNs on CEUS. ROC curve compar-
ison showed that the performance of the 
combined conventional US and CEUS is bet-
ter than the performance of each alone. On 
conventional US, an excellent relationship 
was established between the primary tumor 
size and the prevalence of positive ALNs in 
this study. Sopik and Narod29 demonstrated 
there was a clear linear correlation between 
tumor size and metastasis for breast cancers 
about 7 and 60 mm in size. Akissue de Cam-
argo Teixeira et al.30 agreed that tumor size 
could be taken as a traditional predictor of 
ALN status. The average pre-surgical tumor 
size was 3.3 ± 2.1 cm in patients with LN me-
tastasis and 2.5 ± 1.4 cm in patients without 
metastasis.30 These findings are consistent 
with our results. Cancer cells inside the tu-
mor spread, survive, and then pervade to re-
gional LNs and further to other distant sites.31 
Therefore, more cancer cells are available in 
a larger-sized tumor to metastasize. Tseng 
et al.32 proved that tumor size was closely 
relevant to lymphovascular invasion, which 
was confirmed to be the standard of LN me-
tastasis pathology and consequently closely 
connected with positive ALNs. In this study, 
invasive ductal carcinoma also dominated, 
which indicated the remarkable significance 
of the maximum diameter of the tumor in 
predicting positive ALNs.

In addition, the non-circumscribed mar-
gin was identically correlated with positive 
ALNs. Costantini et al.33 pointed out that so-
nographic signs, such as margin burrs and 
angular and microlobulated margins, are 

important factors for biological behaviors 
associated with metastatic pervasion. The 
unevenness of the tumor margin indicates 
a high possibility of invasive growth with a 
malignant tendency. In breast cancer with 
high aggressiveness and tumor burden, car-
cinoma cells can infiltrate the surrounding 
tissues, lymphatic vessels, and blood vessels 
at different growth speeds, resulting in a 
non-smooth tumor margin.17 

Through CEUS examination, we found 
that vessel perforation or distortion is im-
portant to the prediction of positive ALNs. 
A malignant tumor has vascular contortions 
because its blood vessels cannot maintain 
their regular shapes during the rapid growth 
of the lesions.12 Santamaría et al.34 demon-
strated that tumor arteries detected by color 
Doppler and sonographic tumor size  were 
an independent predictor of ALN status. Yu 
et al.35 demonstrated that perforating ves-
sels are also a risk factor of LN metastasis in 
patients suffering from small breast cancer. 
These findings almost matched our results 
showing that vessel perforation or distor-
tion is strongly linked with positive ALNs in 
patients with small breast cancer (maximum 
diameter ≤2.0 cm) and also bounded with 
breast carcinoma in the T2 stage (2.0 cm < 
maximum diameter ≤5.0 cm) dominating 
in this study. This finding could explain why 
large tumors with abundant blood supply 
are usually accompanied by thick vessels.

Furthermore, this study also discovered 
the perfusion pattern of the fast-in and 
fast-out pattern as the only quantitative pa-
rameter for identifying positive ALNs with a 
significant difference. This finding was con-
sistent with the report of Wang et al.36, which 
revealed that the perfusion performance 
of the peripheral region of breast cancer is 
characterized by hyperechoic enhancement 
and fast-in and fast-out patterns. The shape 
of the dynamic enhancement curve is relat-
ed to the microscopic characteristics of the 
main components of poorly differentiated 
tumors, which are scattered malignant vas-
cular endothelial cells.37,38 The lack of capil-
lary networks and incomplete cavities result-
ed in the rapid flushing of the contrast agent. 
Such features thereby influence the ALN 
status through the hemodynamic principle.39

Regarding the correlation between qual-
itative and quantitative CEUS characteristics 
and pathological prognostic factors in pa-
tients with breast cancer, Vraka et al.27 sug-
gested that the qualitative assessment of the 
enhancement pattern is better than quanti-
tative assessment for differentiating malig-
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Table 1. Lesion descriptors stratified in accordance with the estimated malignancy risk

Minor Intermediate Major

Non-parallel to skin Adler blood flow grade: 2 or 3 Larger tumor size

Posterior echo attenuation PSV ≥20 cm/s Irregular shape

RI ≥0.7 Non-circumscribed margin

Elastic score: 4 or 5 Microcalcification

Elastic strain ratio: ≥2.5

PSV, peak systolic velocity; RI, resistance index.

Table 2. Source of clinical and pathological materials

BI-RADS 4A 4B 4C

Age 49.55 ± 11.89 49.38 ± 11.53 51.73 ± 11.67

Pathology types

 Invasive ductal carcinoma 17 (7.2%) 50 (20.9%) 115 (48.0%)

 Ductal carcinoma in situ 12 (5.0%) 13 (5.4%) 9 (3.8%)

 Mucinous carcinoma 5 (2.1%) 4 (1.7%) 3 (1.3%)

 Papillary carcinoma 3 (1.1%) 4 (1.5%) 1 (0.4%)

 Others 1 (0.4%) 2 (0.8%) 1 (0.4%)

Histological grades

  1 3 (1.4%) 2 (0.9%) 3 (1.2%)

  2 14 (5.8%) 34 (14.1%) 60 (24.9%)

  3 16 (6.8%) 36 (14.8%) 53 (22.1%)

  Unknown 19 (8.0%)

ALNs

  Negative 33 (13.8%) 53 (22.0%) 81 (33.8%)

  Positive 4 (1.7%) 19 (7.9%) 50 (20.8%)

ALN, axillary lymph node; BI-RADS, Breast Imaging Reporting and Data System.

Figure 3. Images of elasticity classification: (a) score 1: the entire lesion or nearly the entire lesion was green, and the elastic strain ratio was <2.5; (b) score 2: the focus 
was red in the center and homogeneous elasticity in the periphery, and the elastic strain ratio was <2.5; (c) score 3: the proportions of green and red in the range of 
lesion were the same, and the elastic strain ratio was <2.5; (d) score 4: the entire lesion was red or little green was found inside the lesion, and the elastic strain ratio 
was ≥2.5; (e) score 5: the lesion and surrounding tissues were all shown in red, with or without green in the inner part, and the elastic strain ratio was far beyond 2.5.
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Table 3. Univariate analysis of conventional ultrasound, elastography, and CEUS for the prediction of positive ALNs in BI-RADS category 4 lesions

Descriptors Negative ALNs
(n = 167), n (%)

Positive ALNs
(n = 73), n (%)

P value

Conventional US plus elastography

Size (mm) 21.21 ± 7.19 25.78 ± 5.83 <0.001*

Shape
Regular 49 (29.3) 19 (26.0)

0.600
Irregular 118 (70.7) 54 (74.0)

Margin
Circumscribed 80 (47.9) 18 (24.7)

0.001*
Non-circumscribed 87 (52.1) 55 (75.3)

Orientation
Parallel 88 (52.7) 35 (47.9)

0.498
Non-parallel 79 (47.3) 38 (52.1)

Posterior echo
Unaltered or enhanced 157 (94.0) 63 (86.3)

0.047*
Attenuation 10 (6.0) 10 (13.7)

Micro-calcification
Without 124 (74.3) 59 (80.8)

0.271
With 43 (25.7) 14 (19.2)

RI 
<0.7 94 (56.3) 30 (41.1)

0.030*
≥0.7 73 (43.7) 43 (58.9)

Elastic

Score 1–2 18 (10.8) 7 (9.6)

0.920Score 3–4 133 (79.6) 58 (79.5)

Score 5 16 (9.6) 8 (10.9)

Adler blood flow
Grade 0–I 47 (28.1) 15 (20.5)

0.216
Grade II–III 120 (71.9) 58 (79.5)

BI-RADS category

4A 33 (19.8) 4 (5.5)

0.004*4B 53 (31.7) 19 (26.0)

4C 81 (48.5) 50 (68.5)

PSV (cm/s) 11.86 ±3.46 12.94 ± 4.08 0.036*

Elastic strain ratio 2.15 ± 0.38 2.10 ± 0.34 0.362

Contrast-enhanced US

Enhancement boundary 
Distinct 86 (51.5) 40 (54.8)

0.638
Indistinct 81 (48.5) 33 (45.2)

Enhancement morphology
Regular 41 (24.6) 18 (24.7)

0.986
Irregular 126 (81.4) 55 (75.3)

Enhancement degree

Iso- or no enhancement 8 (4.8)  2 (2.7)

0.622
Hypo-enhancement 19 (11.4) 10 (13.7)

Moderate enhancement 10 (6.0) 7 (9.6)

Hyper-enhancement 130 (77.8) 54 (74.0)

Enhancement pattern 

Entire 100 (59.9) 47 (63.4)

0.348Segmental 39 (23.3) 19 (26.0)

Others 28 (16.8) 7 (9.6)

Enhancement order

Centripetal 129 (77.2) 55 (75.3)

0.955Centrifugal 34 (20.4) 16 (21.9)

Diffuse 4 (2.4) 2 (2.7)

Perfusion defects 
Without 97 (58.1) 35 (47.9)

0.146
With 70 (41.9) 38 (52.1)

Perforation or distortion vessels Without
With

116 (69.5)
51 (30.5)

27 (37.0)
46 (63.0)

<0.001*
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nant lesions. Wang et al.40 also demonstrated 
that qualitative parameters significantly im-
prove the performance of CEUS in the dis-
tinction of benign and malignant breast le-
sions, which is clinically promising. Our study 
showed similar results and demonstrated the 
positive role of CEUS, especially its qualitative 
parameters, for the differentiation of positive 
ALNs in BI-RADS category 4 malignant breast 
lesions. The superiority of qualitative CEUS 
parameters lies in the fact that the reviewer’s 
experience could rectify probable techno-
logical errors, which could not be achieved 
in quantitative parameters. In addition, some 
uncontrolled factors, such as patient respi-
ration movements and a preselected inter-

est area by the CEUS performer, can impact 
the quantitative parameters’ evaluation of 
the received images during video recording. 
Meanwhile, quantitative parameters were 
created by an offline workstation, which 
is another technological restriction. Thus, 
further studies regarding more advanced 
equipment and optimized software need to 
be performed in this field to improve the ac-
curacy of CEUS. 

Three predictive models based on con-
ventional US features (model A), CEUS fea-
tures (model B), and the combined model 
A + B (model C) were then constructed and 
compared. Model C illustrated significant 

improvement in diagnostic accuracy and 
model fit in predicting positive ALNs. The 
multivariate-based combination model can 
be extracted to reveal tumor microvascular 
imaging and to evaluate the comprehensive 
characterization of underlying malignant tu-
mor signs. This model plays a potential role 
in avoiding subject diagnosis. Tumors with 
nodal metastasis have completely different 
grayscale ultrasonic, color Doppler, and in-
ternal construction enhancement charac-
teristics. The four best-performing combina-
tion features were tumor size, margin, vessel 
perforation or distortion, and TIC curve. Dis-
criminating positive ALNs by using a single 
sonography factor is difficult. The incorpora-

Table 4. Multivariate analysis of the comparison between conventional ultrasound and CEUS for predicting positive ALNs in BI-RADS 
category 4 lesions

Characteristics Odds ratio 95% confidence Interval P value 

Size 1.110 1.061–1.161 <0.001

Margin
Circumscribed
Non-circumscribed

Reference
3.393 1.752–6.570 <0.001

Perforation or distortion vessels
  Without
  With

Reference
3.941 2.037–7.625 <0.001

Enhancement range
  None
  Enlarged

Reference
0.283 0.146–0.550 <0.001

TIC curve
Slow-in and slow-out 
Slow-in and fast-out
Fast-in and slow-out
Fast-in and fast-out

Reference
0.741
1.222
7.092

0.239–2.301
0.507–2.942
3.142–16.010

0.604
0.655
<0.001

TIC, time-intensity curve; CEUS, contrast-enhanced ultrasound; ALN, axillary lymph node; BI-RADS, Breast Imaging Reporting and Data System.

Table 3. Continues
Descriptors Negative ALNs

(n = 167), n (%)
Positive ALNs
(n = 73), n (%)

P value

Enhancement area
<50% 24 (14.4) 12 (16.4)

0.680
≥50% 143 (85.6) 61 (83.6)

Enhancement range
None 111 (66.5) 28 (38.4)

<0.001*
Enlarged 56 (33.5) 45 (61.6)

Peak intensity - 50.35 ± 3.49 50.96 ± 3.77 0.229

TTP - 56.27 ± 6.43 57.06 ± 6.71 0.396

AUC - 5.14 ± 3.05 5.24 ± 2.40 0.793

TIC curve

Slow-in and slow-out 71 (42.5) 19 (26.0)

<0.001*
Slow-in and fast-out 29 (17.4) 5 (6.9)

Fast-in and slow-out 46 (27.5) 12 (16.4)

Fast-in and fast-out 21 (12.6) 37 (50.7)

P value is derived from the univariate association analyses between each of the variables and ALN status. *P value of <0.05. ALN, axillary lymph node; PSV, peak systolic velocity; 
RI, resistance index; TTP, time to peak; AUC, area under the curve; TIC, time-intensity curve; BI-RADS, Breast Imaging Reporting and Data System; CEUS, contrast-enhanced 
ultrasound.
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tion of multiple factors can provide a com-
prehensive and robust approach. The mul-
tivariate-based combination model, which 
can discriminate positive ALNs from negative 
ones, showed significant improvement com-
pared with models A or B alone.

We acknowledge several limitations of 
our study. First, patient selection bias may 
exist because of its retrospective nature. Sec-
ond, the data applied in our study are from 
a single institution. Thus, our findings lack a 
general and robust assessment. Therefore, 
a rigorous analysis should be planned with 
data from a larger number of patients col-
lected from more institutions in different 
areas. Third, the external validation of differ-
ent races or populations was absent because 
of the relatively small single sample size of 
CEUS. Fourth, intra- and inter-observer reli-
ability was not evaluated in this study.

In conclusion, the combination of con-
ventional US and CEUS could facilitate in-
creasing diagnostic performance during the 
prediction of positive ALNs in BI-RADS cate-
gory 4 breast cancer lesions. Therefore, our 
predictive model may also facilitate clinical 
decision making and potentially improve 
the diagnostic performance of the selected 
patients. 
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I N T E R V E N T I O N A L  R A D I O L O G Y
R E V I E W 

Risk factors for air embolism following computed tomography-guided 
percutaneous transthoracic needle biopsy: a systematic review and 
meta-analysis

ABSTRACT
To quantitatively analyze the risk factors for air embolism following computed tomography 
(CT)-guided percutaneous transthoracic needle biopsy (PTNB) and qualitatively review their char-
acteristics.

The databases of PubMed, Embase, Web of Science, Wanfang Data, VIP information, and China Na-
tional Knowledge Infrastructure were searched on January 4, 2021, for studies reporting the oc-
currence of air embolisms following CT-guided PTNB. After study selection, data extraction, and 
quality assessment, the characteristics of the included cases were qualitatively and quantitatively 
analyzed. 

A total of 154 cases of air embolism following CT-guided PTNB were reported. The reported inci-
dence was 0.06% to 4.80%, and 35 (22.73%) patients were asymptomatic. An unconscious or unre-
sponsive state was the most common symptom (29.87%). Air was most commonly found in the left 
ventricle (44.81%), and 104 (67.53%) patients recovered without sequelae. Air location (P <  0.001), 
emphysema (P = 0.061), and cough (P = 0.076) were associated with clinical symptoms. Air location 
(P = 0.015) and symptoms (P < 0.001) were significantly associated with prognosis. Lesion location 
[odds ratio (OR): 1.85, P = 0.017], lesion subtype (OR: 3.78, P = 0.01), pneumothorax (OR: 2.16, P = 
0.003), hemorrhage (OR: 3.20, P < 0.001), and lesions located above the left atrium (OR: 4.35, P = 
0.042) were significant risk factors for air embolism. 

Based on the current evidence, a subsolid lesion, being located in the lower lobe, the presence 
of pneumothorax or hemorrhage, and lesions located above the left atrium were significant risk 
factors for air embolism. 

KEYWORDS
Air embolism, CT-guided PTNB, meta-analysis, risk factor

You may cite this article as: Zhang H, Wang S, Zhong F, Liao M. Risk factors for air embolism following computed tomography-guided percutaneous 
transthoracic needle biopsy: a systematic review and meta-analysis. Diagn Interv Radiol. 2023;29(3):478-491.

Lung cancer is the leading cause of cancer incidence and mortality worldwide; with 2.1 
million new cases and 1.8 million deaths in 2018, it represents approximately 18.4% of 
all cancer deaths.1 As 70% of lung cancers are discovered in advanced stages and are 

unresectable, needle biopsy techniques are the primary diagnostic methods.2 These tech-
niques include computed tomography- (CT) or ultrasound-guided percutaneous transthorac-
ic needle biopsy (PTNB) and endobronchial ultrasound-guided biopsy.3 Endobronchial ultra-
sound-guided biopsy is best suited to central lesions. The use of ultrasound-guided PTNB is 
limited by its low resolution and is suitable only for lesions of the peripheral lung, chest wall, 
and mediastinum.4 CT-guided PTNB is the most widely used technique due to its high-reso-
lution display of lung lesions, its wide availability to both central and peripheral lung lesions, 
and its minimal invasiveness and high accuracy.5,6 

The most common complications of CT-guided PTNB are pneumothorax and hemor-
rhage.7,8 Air embolisms are rare but potentially fatal complications.7,9 The direct injection of 
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2 mL of air into the cerebral circulation is 
enough to be fatal, and just 0.5–1.0 mL of 
air injected into a coronary artery can cause 
cardiac arrest.10 The clinical features of air 
embolism vary from confusion to stroke, ar-
rhythmia, cardiac ischemic features, loss of 
consciousness, and death. 

As the incidence of air embolism is rare, 
few studies have systematically reported 
the characteristics and risk factors for air 
embolism following CT-guided PTNB. Thus, 
we conducted this systematic review and 
meta-analysis to qualitatively summarize 
the characteristics of air embolism following 
CT-guided PTNB and quantitatively analyze 
its risk factors. 

Methods
This manuscript was reported according 

to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 
statement.11 Ethical approval was not re-
quired.

Search strategy 

A literature search was performed on 
January 4, 2021, on the PubMed, Embase, 
and Web of Science databases and on three 
Chinese databases (Wanfang Data, VIP in-
formation, and China National Knowledge 
Infrastructure) using combinations of the 
following search terms and their synonyms 
and variations without time and language 
restrictions: “lung,” “chest,” “biopsy,” “air embo-
lism,” and “systematic air embolism.” Medical 
subject headings were applied if available. 

The reference lists of the retrieved articles, 
including reviews, were searched manual-
ly for other relevant studies. Two authors 
performed the search independently and 
reviewed all the identified publications for 
inclusion using predetermined criteria.

Inclusion criteria

The inclusion criteria were (a) air embo-
lism defined as air density in the cardiovas-
cular system found on CT images and (b) if air 
embolism was found during, immediately af-
ter, or at least in a clear temporal coincidence 
with CT-guided PTNB. The exclusion criteria 
were (a) air embolism caused by trauma, 
transbronchial lung biopsy, CT-guided mark-
ing of lung lesions, or CT-guided radiofre-
quency ablation other than CT-guided biop-
sy; (b) comments and review articles in which 
the exact data of patients with air embolism 
could not be extracted; and (c) studies re-
ported neither in Chinese nor in English.

Data extraction and quality assessment

A standardized extraction form was used 
to collect the characteristics of the study: 
(a) study characteristics, including the first 
author, publication year, and country; (b) 
patient characteristics, including age and 
sex; (c) lesion characteristics, including loca-
tion (upper, middle, or lower lobe), diameter 
(maximum axial diameter of the lesion), and 
cavity contained in the lesion; (d) CT-guided 
biopsy characteristics, including the number 
of biopsies, the diameter of the biopsy nee-
dle, patient’s position when biopsied, and 
the use of the coaxial biopsy technique; (e) 
complications, including pneumothorax, 
pulmonary hemorrhage or hemoptysis, and 
cough, and (f ) the location of air in the car-
diovascular system (the air location in each 
patient was analyzed individually), clinical 
symptoms, treatments, and prognoses. 

The methodological quality of the studies 
included in the meta-analysis was assessed 
using the Newcastle–Ottawa Scale.12 Data 
extraction and quality assessment were per-
formed independently by two reviewers, and 
any disagreement was resolved by consen-
sus.

Statistical analysis

Information about the number of air em-
bolism cases, patient characteristics, lesions, 
biopsy processes, treatments, and prognoses 
was extracted from the individual cases in 
the included studies. These clinical charac-
teristics were reported as mean ± standard 
values or proportions according to whether 
they were continuous or categorical vari-

ables. Differences in these variables in dif-
ferent symptomatic groups and prognostic 
groups were compared, and a two-sided val-
ue of P < 0.05 was considered statistically sig-
nificant. A chi-squared test or Fisher’s exact 
test was used for nominal variables, while a 
Mann–Whitney test was used for continuous 
variables with an abnormal distribution. The 
above statistical analyses were performed 
using SPSS 21.0 software (IBM).

Odds ratios (ORs) and corresponding 95% 
confidence intervals (CIs) were used to assess 
the strength of the association between the 
different factors and the occurrence of air 
embolism. Heterogeneity between differ-
ent studies was evaluated by an I2 test, with 
values of 25%, 50%, and 75% indicating low, 
moderate, and high heterogeneity, respec-
tively. A random-effects model (the DerSimo-
nian–Laird model) was used if I2 > 50% or P 
≤ 0.01. Otherwise, a fixed-effects model (the 
Mantel–Haenszel model) was used. Publica-
tion bias was evaluated using a Begg’s funnel 
plot. Differences were considered statistically 
significant if P > 0.05. Statistical analyses were 
performed using STATA 12.0 (StataCorp). 

Results 

Study selection and characteristics

Figure 1 presents this study’s PRISMA 
flow diagram, which summarizes the screen-
ing process and the reasons for exclusion. 
A total of 104 studies13-116 that reported the 
characteristics of air embolism after CT-guid-
ed PTNB were included in the systematic 
review (Supplementary Table 1). Five stud-
ies99-101,117,118 that reported the risk factors for 
air embolism were included in the quantita-
tive meta-analysis (Supplementary Table 2). 

Qualitative analysis

A total of 154 patients from 104 studies 
were included. The reported incidence of air 
embolism after CT-guided PTNB ranged from 
0.06% to 4.80%. The most common symp-
toms were an unconscious or unresponsive 
state (29.87%), hemiplegia (16.23%), hypo-
tension (14.29%), and cardiopulmonary ar-
rest (14.29%) (Supplementary Table 3). Thir-
ty-five patients (22.73%) were asymptomatic. 
Air was most commonly found in the left 
ventricle (44.81%), aorta (40.91%), cerebral 
artery (29.87%), coronary artery (22.73%), 
and left atrium (14.94%) (Supplementary 
Table 4). Air is not always present in one site 
alone, but in multiple locations at the same 
time. 

Main points

• Air embolism is a rare but potentially fa-
tal complication of computed tomogra-
phy-guided percutaneous transthoracic 
needle biopsy.

• The most common symptoms of air embo-
lism were an unconscious or unresponsive 
state, hemiplegia, hypotension, and cardio-
pulmonary arrest; the air was most com-
monly located in the left ventricle, aorta, 
and cerebral artery.

• Patients with emphysema, cough, and air 
located in the left heart, aorta, cerebral ar-
tery, and coronary artery were more likely 
to develop clinical symptoms than patients 
without these conditions; air location and 
symptoms were significantly related to pa-
tient prognosis. 

• Lesion location (lower lung lobe), lesion 
subtype (subsolid), pneumothorax, hem-
orrhage, and lesions located above the left 
atrium were significant risk factors for air 
embolism.
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Air location was significantly associated 
with the occurrence of clinical symptoms 
(P < 0.001) (Table 1), with air located in the 
cerebral artery, coronary artery, aorta, and 
left heart the most likely to result in clinical 
symptoms. Similarly, patients with emphy-
sema and cough were the most likely to de-
velop clinical symptoms (P = 0.061 and 0.076, 
respectively). Air location (P = 0.015) and 
symptoms (P < 0.001) were also significantly 
associated with prognosis (Table 2), with air 
located in the pulmonary vein/artery (100%), 
left heart (86.42%), aorta (78.94%), and right 
heart (75%) most likely to have the best out-
comes. Of the 154 patients, 144 reported 
clinical outcomes, 104 (67.53%) recovered 
without sequelae, 21 (13.63%) patients re-
covered with sequelae, and 19 (12.34%) pa-
tients died. All asymptomatic patients recov-
ered without sequelae. 

Quantitative analysis 

As shown in Table 3, the risk factors for air 
embolism following CT-guided PTNB were 
quantitatively analyzed. Data from 7.811 pa-
tients were extracted99-101,118 to analyze the 
relationship between air embolism and le-
sion location. The pooled OR was 1.85 (95% 
CI: 1.12–3.05, P = 0.017) (Figure 2). Data from 
5.798 patients99-101,118 were extracted to ana-
lyze the relationship between air embolism 
and lesion subtype. The pooled OR was 3.78 
(95% CI: 1.37–10.45, P = 0.01) (Figure 3). Data 
from 7.633 patients99-101,117,118 were extracted 

to analyze the relationship between pneu-
mothorax and air embolism. The pooled OR 
was 2.16 (95% CI: 1.31–3.57, P = 0.003) (Fig-
ure 4). Data from 7.397 patients99-101,117,118 

were extracted to analyze the relationship 
between air embolism and hemorrhage. The 
pooled OR was 3.20 (95% CI: 1.95–5.26, P < 
0.001) (Figure 5). Data from 4.464 patients 
were extracted99,117,118 to analyze the relation-
ship between air embolism and lesion loca-
tion above the level of the left atrium. The 
pooled OR was 4.35 (95% CI: 1.06–17.86, P 
= 0.042) (Figure 6). The funnel plots did not 
reveal any publication bias.

Data from five studies99-101,117,118 were used 
to analyze the relationship between air em-
bolism and patient gender; the pooled OR 
was 0.99 (95% CI: 0.64–1.54, P = 0.979). The 
relationship between emphysema and air 
embolism was analyzed in data from four 
studies;99-101,118 the pooled OR was 0.96 (95% 
CI: 0.58–1.61, P = 0.884). Data from five stud-
ies99-101,117,118 were used to analyze the rela-
tionship between air embolism and biopsy 
position; the pooled OR was 1.10 (95% CI: 
0.24–5.16, P = 0.901). Data from three stud-
ies99-101 were used to analyze the relation-
ship between air embolism and the use of 
the coaxial method; the pooled OR was 1.93 
(95% CI: 0.66–5.64, P = 0.228). Data from 
two studies (100,118) were used to analyze 
the relationship between air embolism and 
needle-tip location; the pooled OR was 0.46 
(95% CI: 0.11–1.94, P = 0.293).

Discussion 
This study qualitatively summarized the 

characteristics of air embolism after CT-guid-
ed PTNB and quantitatively analyzed the risk 
factors for air embolism. The most common 
symptoms of air embolism were an uncon-
scious or unresponsive state, hemiplegia, 
hypotension, and cardiopulmonary arrest. 
Air was most commonly found in the left 
ventricle, aorta, cerebral artery, and coronary 
artery. Patients with emphysema, cough, and 
air located in the left heart, aorta, cerebral 
artery, and coronary artery were more likely 
to develop clinical symptoms than patients 
without these conditions, and air location 
and symptoms were also significantly related 
to patient prognosis. Lesion location (lower 
lung lobe), lesion subtype (subsolid), pneu-
mothorax, hemorrhage, and lesions located 
above the left atrium were significant risk 
factors for air embolism.

The reported incidence of air embolism 
after CT-guided PTNB was 0.06% to 4.80%. 
This varied because the controlled CT scan af-
ter CT-guided PTNB was limited to the target 
area, and some asymptomatic air embolism 
cases were not found. A study led by Mon-
nin-Bares showed that by limiting the volume 
of the post-procedure CT scan to the target 
area, the rate of air embolism detection was 
just 1% instead of 4.8%.118 However, the good 
news is that, usually, these asymptomatic air 
embolisms will not have serious consequenc-
es. Therefore, doctors should weigh up the 
risk of increased radiation exposure from an 
enlarged scanning area against the expected 
benefits of an early diagnosis. 

The CT-guided PTNB of lesions in the low-
er lobe is more likely to result in air embolism 
than a biopsy performed in other lobes. This 
difference may be due to gravity, resulting in 
larger vessels in the lower lobes and a more 
obvious respiratory motion. Thus, proce-
dures performed in the lower lobe may pose 
a higher risk of injuring the veins and caus-
ing air embolism.101 Additionally, the respira-
tory motion of the lung may complicate the 
procedure and necessitate a high number of 
needle redirections to reach the lesion, lead-
ing to increased injury of the pulmonary vein 
and airway.101 Usually, a prone or lateral posi-
tion with lesions on the upper side is select-
ed to perform a CT-guided PTNB of lesions in 
the lower lobe. In areas higher than the left 
atrium, the pressure in both the pulmonary 
artery and alveoli is greater than that in the 
pulmonary vein.119 If a bronchopulmonary 
venous fistula or an alveolopulmonary vein 
fistula forms, the air is more likely to enter the 

Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram of the study 
selection process. CT, computed tomography.
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Table 1. Characteristics of asymptomatic and symptomatic air embolism following computed tomography-guided percutaneous 
transthoracic needle biopsy

Characteristics Asymptomatic Symptomatic P

Gender
Male
Female
NA

11
8

16

79
35
5

0.325

Age (years) 61.28 (27–75) 64.21 (25–85) 0.397

Lesion location
Up and middle
Lower
NA

9
9

17

38
57
24

0.430

Lesion density
Solid
Subsolid 
NA

13
3

18

47
4

69

0.213

Cavity
Yes
No
NA

0
16
18

4
47
69

0.565

Emphysema
 Yes
No
NA

0
5

29

4
2

114

0.061

Puncture needle diameter
>18 gauge
≤18 gauge
NA

8
10
18

43
43
32

0. 668

Position 
Supine
Lateral
Prone
NA

4
2

12
17

23
20
39
37

0.318

Cough
Yes
No
NA

7
8

19

33
13
74

0.076

Pneumothorax
Yes
No
NA

6
3

25

27
7

86

0.413

Hemorrhage
Yes
No
NA

12
2

21

34
4

81

0.655

Coaxial
Yes
No
NA

16
1

18

60
12
47

0.448

Air location
Left heart
Right heart
Aorta
Cerebral artery 
Coronary artery
Pulmonary vein/artery
Other arteries

33
1

11
2
3
3
2

55
4

62
54
41
11
6

<0.001

NA, not applicable.
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Table 2. Risk factors for prognosis of air embolism following computed tomography-guided percutaneous transthoracic lung needle biopsy
Characteristics Without sequelae With sequelae Death P

Gender
Male
Female
NA

54
30
20

16
4
1

14
5
0

0.342

Age (years) 65.63 (27–82) 62.4 (32–85) 59.42 (35–75) 0.192
Lesion location
Up and middle
Lower
NA

30
46
28

11
7
3

4
8
7

0.197

Lesion density
Solid
Subsolid 
NA

42
5

57

9
0

12

7
2

10

0.314

Cavity
Yes
No
NA

6
41
57

2
7

12

1
8

10

0.729

Emphysema
Yes
No
NA

4
6

94

0
1

20

0
0

19

0.428

Puncture needle diameter
≥18 gauge
<18 gauge
NA

36
36
32

10
8
3

4
7
8

0.597

Position 
Supine
Lateral
Prone
NA

19
13
38
34

3
5
6
7

3
2
5
9

0.715

Cough
Yes
No
NA

27
14
63

7
2

12

5
4

10

0.608

Pneumothorax
Yes
No
NA

24
6

74

4
2

15

5
2

12

0.730

Hemorrhage
Yes
No
NA

33
3

68

9
1

11

5
2

12

0.299

Coaxial
Yes
No
NA

56
9

39

11
2
8

6
2

11

0.708

Air location
Left heart
Right heart
Aorta
Cerebral artery 
Coronary artery
Pulmonary vein/artery
Other arteries

70
3

45
23
21
10
6

7
0
6

10
3
0
1

4
1
6
8
8
0
2

0.015

Hyperbaric oxygen therapy
Yes
No
NA 

27 
63
14

8 
9 
4

4 
5 

10

0.305

Trendelenburg position
Yes
No
NA

7
3

94

2
1
8

1
0

28

0.801

Symptomatic
Yes
No 

69
35

21
0

19
0

<0.001

NA, not applicable.
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pulmonary vein, resulting in air embolism. 
In fact, our study found that lesions located 

above the level of the left atrium are a risk 
factor for air embolism.

Some studies recommend transthoracic 
biopsy with the patient in an ipsilateral-de-
pendent position to prevent air embolism.117 
Even though this approach has been shown 
to decrease the rate of pneumothorax, it is 
related to increased alveolar hemorrhage.117 
Additionally, this position may complicate 
the biopsy process, as the biopsy must pass 
through more lung area. The choice of the 
transthoracic biopsy position is still debata-
ble, and we must consider the accuracy and 
safety of the procedure comprehensively. 

Pneumothorax and hemorrhage are also 
risk factors. There may be two explanations 
for this: the first is that the presence of pneu-
mothorax and hemorrhage means that al-
veolar, bronchial, or pulmonary vessels are 
injured. This injury can lead to a broncho-
venous fistula, increasing the risk of air em-
bolism. The second is that when hemorrhage 
is accompanied by cough, the intrapulmonic 
pressure is increased, resulting in air embo-
lism.111 Therefore, when a lung biopsy is per-
formed, patients should try to avoid cough-

Table 3. Pooled analysis of risk factors for air embolism following computed tomography-guided percutaneous transthoracic needle biopsy

Risk factors Air embolism Non-air embolism OR (95% CI) Model chosen for meta-analysis 
(fixed/random)

Publication bias (P value)

Lesion location
Lower lung lobe
Upper and middle lung lobe

33
32

2.439
5.307

1.85 (1.12–3.05) Fixed (I2: 0, P = 0.408) 0.308

Lesion subtype
Subsolid 
Solid 

23
42

823
4.910

3.78 (1.37–10.45) Random (I2: 61.7%, P = 0.050) 0.734

Pneumothorax 
Yes 
No

29
58

2.144
5.402

2.16 (1.31–3.57) Fixed (I2: 0, P = 0.965) 0.462

Hemorrhage
Yes 
No 

65
22

3.841
3.469

3.20 (1.95–5.26) Fixed (I2: 0, P = 0.438) >0.990

Lesion located above the 
level of left atrium
Yes 
No 

61
10

2.260
2.131

4.35 (1.06–17.86) Random (I2: 75.5%, P = 0.025) >0.990

Gender 
Male
Female

53
34

4.617
2.986 0.99 (0.64–1.54) Fixed (I2: 0, P = 0.543) 0.609

Emphysema
Yes 
No 

41
24

3.790
1.943

0.96 (0.58–1.61) Fixed (I2: 0, P = 0.804) 0.017

Biopsy position
Prone and lateral 
Supine

54
36

4.555
3.043

1.10 (0.24–5.16) Random (I2: 89.6%, P = 0) 0.580

Coaxial method
Yes 
No

27
11

3.557
1.595

1.93 (0.66–5.64) Fixed (I2: 0, P = 0.721) 0.599

Location of needle tip
Inside lesion
Outside lesion

22
14

1.159
360

0.46 (0.11–1.94) Random (I2: 70.8%, P = 0.064) 0.620

OR, odds ratio; CI, confidence interval.

Figure 2. Forest plots of the relationship between lesion location (upper and middle lobe vs. lower lobe) and 
air embolism following computed tomography-guided percutaneous transthoracic lung needle biopsy. CI, 
confidence interval; OR, odds ratio.
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ing or cough as little as possible during and 
after the procedure. For patients who cough 
frequently, medicine can be used to control 
their coughing before biopsy. 

The lesion subtype is another risk fac-
tor. Subsolid nodules contain ground-glass 
opacities, which do not cover the normal pa-
renchymal structures, including the airways 
and vessels, and can be visualized on chest 
CT images.120 These normal parenchymal 
structures in the nodules increase the oppor-
tunity for air embolism during the biopsy.

Only three studies analyzed if the coaxi-
al method was a risk for air embolism, with 
the results showing that it was unrelated to 
air embolism. In addition, only two studies 
analyzed if the needle-tip location was a risk 
factor for air embolism. Our analysis showed 
that it was not a risk factor; however, future 
studies should investigate this further. 

The optimal positioning of patients fol-
lowing air embolism is controversial.100 Some 
patients were placed in the right lateral de-
cubitus or Trendelenburg position when air 
embolism occurred, while some studies rec-
ommend not changing the biopsy position. 
However, turning a patient from a prone po-
sition to a supine position should be avoid-
ed, as it can facilitate the antegrade passage 
of air.121 In addition to position, 100% oxygen 
should be administered promptly to assist 
nitrogen–oxygen exchange within the air 
bubbles and accelerate their resorption.122 
The most effective treatment for air embo-
lism is hyperbaric oxygen therapy, which 
can improve the oxygenation of the affect-
ed tissue and dissolve emboli by increasing 
nitrogen reabsorption.81 In our analysis, the 
Trendelenburg position and hyperbaric oxy-
gen therapy were not related to patient out-
come; however, further studies are required 
on this topic.

Our study has some limitations. First, be-
cause of limited access to all the databases 
and the language barrier to understanding 
literature not published in English or Chinese, 
we searched only the databases suggested 
by the Cochrane Reviewer’s Handbook and 
evaluated literature published only in English 
and Chinese. Second, the number of studies 
suitable for quantitative analysis was limited, 
and they differed in terms of factors related 
to air embolism; therefore, some factors were 
not quantitatively analyzed. Some factors, for 
example, the proximity of the targeted lesion 
to the segmental or subsegmental airways 
or vascular structures (especially the pulmo-
nary veins), may relate to air embolism but 

Figure 3. Forest plots of the relationship between lesion subtype (solid vs. subsolid) and air embolism 
following computed tomography-guided percutaneous transthoracic lung needle biopsy. CI, confidence 
interval; OR, odds ratio.

Figure 4. Forest plots of the relationship between pneumothorax and air embolism following computed 
tomography-guided percutaneous transthoracic lung needle biopsy. CI, confidence interval; OR, odds ratio.

Figure 5. Forest plots of the relationship between hemorrhage and air embolism following computed 
tomography-guided percutaneous transthoracic lung needle biopsy. CI, confidence interval; OR, odds ratio.
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were not evaluated in the original studies. 
Third, most studies included were case re-
ports; hence, data from these studies were 
incomplete. Fourth, in most institutions, the 
extent of the post-procedure CT scan was 
limited to the target nodule area, so some 
asymptomatic air embolisms may not have 
been found. This may have introduced bias 
when analyzing the risks related to asymp-
tomatic and symptomatic air embolism fol-
lowing CT-guided PTNB. Finally, we analyzed 
only air embolism following CT-guided PTNB 
without considering other techniques (e.g., 
ultrasound-guided PTNB); as the techniques 
are used for different types of lung lesions, 
the complication rates may also differ. Addi-
tional studies can be undertaken to analyze 
the characteristics and risk factors for air em-
bolism with other techniques.

Conclusion 
Based on current evidence, lesion loca-

tion (lower lobe) and subtype (subsolid), 
pneumothorax, hemorrhage, and lesions 
located above the left atrium were signifi-
cant risk factors for air embolism following 
CT-guided PTNB. The most common symp-
toms of air embolism were an unconscious 
or unresponsive state, hemiplegia, hypoten-
sion, and cardiopulmonary arrest. The air was 
most commonly located in the left ventricle, 
aorta, cerebral artery, and coronary artery. 
Emphysema, cough, and air location were 
related to patient symptoms, and air location 
and symptoms were significantly associated 
with patient outcomes.
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Supplementary Table 1. Characteristics of studies included in the systematic review

No Studies Country Study design
No of 

patients with 
air embolism

Age 
(years) Gender Symptomatic Outcomes

1 Wu et al.13 2012 China Case report 1 NA F No Without sequelae

2 Kawaji et al.14 2012 Japan Case report 1 77 M Yes Without sequelae

3 Dalal and Varma15 2012 U.S.A. Case report 1 46 M No Without sequelae

4 Al-Ali et al.16 2012 New Zealand Case report 1 54 F Yes With sequelae

5 Thomas et al.17 2011 India Case report 1 25 F Yes Died 

6 Singh et al.18 2011 U.S.A. Case report 1 75 M Yes Without sequelae

7 Shroff et al.19 2011 U.S.A. Case report 1 58 M Yes Died

8 Mokart et al.20 2011 NA Case report 1 57 M Yes Without sequelae

9 Kuo et al.21 2010 China Case series 2 44, 74 M 1 yes, 1 no Without sequelae

10 Cheng et al.22 2010 China Case report 1 35 M 1 Died

11 Bou-Assaly et al.23 2010 U.S.A. Case report 1 76 M Yes Died

12 Um et al.24 2009 Korea Case series 4 40–75 3 M, 1 F Yes 2 without sequelae, 2 died 

13 Ishikawa et al.25 2009 Japan Case report 1 51 M Yes Without sequelae

14 Hsi et al.26 2009 U.S.A. Case report 1 67 M Yes Without sequelae

15 Ibukuro et al.27 2009 Japan Case report 3 59–72 1 M, 2 F Yes Without sequelae

16 Bhatia28 2009 U.S.A. Case report 1 NA F Yes Without sequelae

17 Tomabechi et al.29 2008 Japan Case report 1 71 M Yes Without sequelae

18 Kau et al.30 2008 Austria Case report 1 50 M Yes With sequelae

19 Hiraki et al.31 2007 Japan Case report 1 69 F Yes With sequelae

20 Ghafoori and Varedi32 2008 Iran Case report 1 50 F Yes Died

21 Lattin et al.33 2006 U.S.A. Case report 1 47 M No Without sequelae

22 Mansour et al.34 2005 Jordan Case report 1 52 M Yes NA

23 Chakravarti et al.35 2004 India Case report 1 63 M Yes NA

24 Ashizawa et al.36 2004 Japan Case report 1 65 M Yes Without sequelae

25 Mokhlesi et al.37 2002 U.S.A. Case report 1 77 M Yes Without sequelae

26 Arnold and Zwiebel38 2002 U.S.A. Case report 1 60 M Yes Died

27 Ohashi et al.39 2001 Japan Case report 1 75 M Yes Without sequelae

28 King et al.40 2013 U.S.A. Case report 1 60 M Yes With sequelae

29 Kok et al.41 2013 Ireland Case report 1 83 F Yes Without sequelae

30 Shi et al.42 2013 China Case report 1 85 M Yes With sequelae

31 Chang and Yang43 2018 China Case report 1 73 M No Without sequelae

32 Smit et al.44 2013 Netherlands Case report 1 71 M Yes Without sequelae

33 Suzuki et al.45 2013 Japan Case report 1 75 F Yes Without sequelae

34 Franke et al.46 2014 Germany Case report 1 69 M Yes Died

35 Ramaswamy et al.47 2014 U.S.A. Case report 1 75 F Yes Without sequelae

36 Shin et al.48 2014 Korea Case report 1 70 F Yes Without sequelae

37 Hung et al.49 2015 China Case report 1 63 M Yes Without sequelae

38 Olgun et al.50 2015 Turkey Case report 1 69 M Yes Without sequelae

39 Pando Sandoval et al.51 
2015 Spain Case series 2 67, 69 M Yes With sequelae

40 Rocha et al.52 2015 Brazil Case report 1 NA NA Yes With sequelae

41 Kazimirko et al.53 2016 America Case report 1 65 M Yes Without sequelae

42 Sun et al.54 2015 China Case report 1 53 F Yes Died

43 Rahman et al.55 2016 U.S.A. Case report 1 82 F Yes Without sequelae

44 Yamamoto et al.56 2016 Japan Case report 1 74 F Yes Without sequelae

45 Fintelmann et al.57 2017 England Case report 1 75 M Yes Died

46 Fiore et al.58 2017 Brazil Case report 1 57 F Yes Without sequelae
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47 Galvis et al.59 2017 U.S.A. Case report 1 60 M Yes Without sequelae

48 Ialongo et al.60 2017 Italy Case report 1 57 M Yes Died

49 April et al.61 2017 U.S.A. Case report 1 65 M No Without sequelae

50 Kukuljan et al.62 2018 Croatia Case report 1 60 NA Yes Without sequelae

51 Lang et al.63 2018 Austria Case report 1 69 M Yes Without sequelae

52 Ren and Zavodni64 2018 Canada Case report 1 68 F Yes Without sequelae

53 Ornelas et al.65 2018 Spain Case report 1 70 F Yes NA

54 Matsuura et al.66 2017 Japan Case report 1 74 M Yes Without sequelae

55 Sakatani et al.67 2018 Japan Case report 1 72 M Yes Without sequelae

56 Tavare et al.68 2018 England Case report 1 58 M Yes Without sequelae

57 Viqas et al.69 2018 Pakistan Case report 1 67 M Yes With sequelae

58 Abid et al.70 2018 U.S.A. Case report 1 61 M Yes Without sequelae

59 Beliaev et al.71 2019 New Zealand Case report 1 69 M Yes With sequelae

60 Edwards et al.72 2017 England Case report 1 75 M Yes Died

61 Li et al.73 2019 China Case report 1 50 F Yes Died

62 Lonni and Ceruti74 2019 NA Case report 1 70 M Yes Without sequelae

63 Marchak et al.75 2019 U.S.A. Case report 1 78 F Yes Without sequelae

64 De Oliveira et al.76 2019 Brazil Case report 1 69 M Yes Died

65 Deshmukh et al.77 2019 India Case report 1 52 M Yes Without sequelae

66 El Homsi et al.78 2019 Lebanon Case report 1 57 M Yes Without sequelae

67 Hellinger et al.79 2019 Germany Case report 1 74 M Yes NA

68 Hare et al.80 2011 France Case series 4 63–73 2 W, 2 F 2 yes, 2 no Without sequelae

69 Warren et al.81 2019 U.S.A. Case report 1 60 M Yes Without sequelae

70 Rott and Boecker82 2014 Germany Case report 1 57 M Yes With sequelae

71 Lederer et al.83 2011 Austria Case report 1 27 M No Without sequelae

72 Khalid et al.84 2018 U.S.A. Case report 1 61 M Yes Without sequelae

73 Tomiyama et al.85 2006 Japan Case series 6 57–75 4 M, 2 F Yes 1 died, 1 with sequelae, 4 
without sequelae

74 Piccoli et al.86 2019 Italy Case report 1 36 M Yes Without sequelae

75 Oh et al.87 2020 Korea Case report 1 81 M Yes With sequelae

76 Ko et al.88 2019 Korea Case report 1 78 M Yes NA

77 Grandjean et al.89 2020 France Case report 1 62 M Yes Without sequelae

78 Regge et al.90 1997 Italy Case report 1 40 F Yes Without sequelae

79 Khatri91 1997 Italy Case report 1 54 M Yes Without sequelae

80 Wong et al.92 1995 U.S.A. Case report 1 62 M Yes With sequelae

81 Tolly et al.93 1988 U.S.A. Case report 1 32 M Yes With sequelae

82 Baker and Awwad94 1988 U.S.A. Case report 1 39 M Yes NA

83 Cianci et al.95 1987 U.S.A. Case report 1 63 F Yes With sequelae

84 Aberle et al.96 1987 U.S.A. Case report 1 60 M Yes Died

85 Matz et al.97 1980 Israel Case report 1 70 M Yes Died

86 Omenaas et al.98 1989 Norway Case report 1 54 M Yes Without sequelae

87 Liu et al.99 2020 China Retrospective 19 NA NA 3 yes, 16 no Without sequelae

88 Jang et al.100 2019 Korea Retrospective 9 55–74 6 M, 3 F 2 yes, 7 no 1 without and 8 with sequelae

89 Ishii et al.101 2014 Japan Case control 10 53–80 5 M and 5 F 5 yes and 5 no 1 without and 9 with sequelae

90 Kogut et al.102 2012 U.S.A. Case report 1 76 M Yes Without sequelae

91 Thapa et al.103 2013 U.S.A. Case report 1 66 M Yes NA

92 Khalid et al.104 2016 U.S.A. Case report 1 76 M Yes NA

93 Martins et al.105 2012 Portugal Case report 1 64 M Yes Without sequelae

94 Wang and Gao106 2007 China Case report 1 29 M Yes With sequelae
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95 Luo and Yu107 2015 China Case report 1 58 M Yes Without sequelae

96 Song et al.108 2016 China Case report 1 58 M Yes Without sequelae

97 Wu et al.109 2016 China Case report 1 57 M Yes With sequelae

98 Li110 2017 China Case report 1 60 M Yes Without sequelae

99 Liu et al.111 2018 China Case report 1 67 F Yes Without sequelae

100 Niu et al.112 2018 China Case report 1 58 M Yes With sequelae

101 Milano-Johnson et al.113 
2017 U.S.A. Case report 1 65 M Yes NA

102 Njuguna114 2019 U.S.A. Case report 1 60 M Yes Died

103 Shamsid-Deen et al.115 2017 U.S.A. Case report 1 80 M Yes Without sequelae

104 Espinal et al.116 2019 U.S.A. Case report 1 70 F Yes NA

NA, not applicable; male; F, female.

Supplementary Table 2. Characteristics of the studies included for quantitative meta-analysis

Studies Country Study design Patients with air embolism Patients without air embolism Overall quality

Liu et al.99 2020 China Retrospective 19 2.007 7

Jang et al.100 2019 Korea Retrospective 9 1.005 7

Ishii et al.101 2014 Japan Case control 10 2.206 7

Monnin-Bares et al.118 2019 France Retrospective 24 532 7

Glodny et al.117 2017 Austria Retrospective 25 1.853 7

Supplementary Table 3. Clinical symptoms and signs of 
patients with air embolism following computed tomography-
guided percutaneous transthoracic lung needle biopsy

Clinical symptoms and signs Number of patients (%)

Asymptomatic 35 (22.73)

Unconscious or unresponsive state 46 (29.87)

Hemiplegia 25 (16.23)

Cardiopulmonary arrest 22 (14.29)

Hypotension 22 (14.29)

Chest pain 17 (11.04)

Arrhythmia 14 (9.09)

Hemianopsia or conjugate eye deviation 11 (7.14)

ST segment elevation 10 (6.49)

Seizure 9 (5.84)

Aphasia or facioplegia 8 (5.819

Bradycardia 9 (5.84)

Dyspnea 6 (3.90)

Dizziness 5 (3.25)

Hypertension 4 (2.60)

Tachycardia 2 (1.30)

Urine incontinence 3 (1.95)

Tachypnea 2 (1.30)

Abdominal pain 2 (1.30)

Pulselessness 2 (1.30)

Altered mental status 1 (0.65)

Supplementary Table 4. Air location in patients with 
air embolism following computed tomography-guided 
percutaneous transthoracic lung needle biopsy

Location Number of 
patients (%)

Left ventricle 69 (44.81)

Aorta 63 (40.91)

Cerebral artery 46 (29.87)

Coronary artery 35 (22.73)

Left atrium 23 (14.94)

Pulmonary vein 11 (7.14)

Right atrium 4 (2.60)

Right ventricle 3 (1.95)

Pulmonary artery 3 (1.95)

Renal artery 1 (0.65)

Intercostal artery 1 (0.65)

Spinal cord artery 1 (0.65)

Superior vena vein 1 (0.65)

Subclavian vein 1 (0.65)

Vertebral artery 1 (0.65)

Subclavian artery 1 (0.65)

Vertebral artery 1 (0.65)

Left subclavian artery 1 (0.65)

Truncus brachiocephalicus 1 (0.65)

Internal carotid artery 1 (0.65)

Unclear 7 (4.55)
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PURPOSE
Re-entry devices contribute to the high success rate of subintimal recanalization of chronic total oc-
clusions (CTO). However, to date, there are no studies comparing the available conventional re-en-
try devices concerning the impact of their technical success on economic aspects, as these devices 
differ greatly in their acquisition costs. This prospective observational study intends to contribute 
to this question. 

METHODS
Prior to the start of the prospective study, all previous applications of the Outback® in femoro-pop-
liteal CTO since its introduction to our hospital were analyzed retrospectively (n = 31). From June 
2018 until January 2020, all patients with femoro-popliteal CTO treated with clear subintimal reca-
nalization were included (n = 109). In the case of failed spontaneous re-entry, either the OffRoad® 
(study arm I, n = 20) or the Enteer® catheter (study arm II, n = 20) was used. If assisted re-entry failed, 
the Outback® device was used as a bailout. Baseline demographic and clinical data, morphologic 
characteristics, and technical success were documented. Additional per-patient costs due to the 
use of re-entry devices were analyzed.

RESULTS
A retrospective evaluation of all Outback® applications revealed a technical success rate of 97% 
(30/31). In the prospective study, 63% (68/109) were successfully treated without using re-entry 
devices. The overall procedural success was 95% (103/109). In study arm I, the OffRoad® achieved a 
success rate of 45% (9/20), with a subsequent successful application of the Outback® in 80% (8/10) 
of the failed cases. In study arm II, the Enteer® was successfully employed in 60% (12/20) of cases, 
and the Outback® was then used successfully in a further 62% (5/8) of cases. Too large a distance 
between the device and the target lumen was a knockout criterion for all tested devices, leading 
to a subgroup analysis with the exclusion of three cases, resulting in a success rate of 47% for the 
OffRoad® and 67% for the Enteer® device. Furthermore, in severe calcification, only the Outback® 
reliably enabled revascularization. Significant savings of almost €600 were only achieved in study 
arm II according to German prices. 

CONCLUSION
With proper patient selection, a gradual approach with the Enteer® as the primarily used device, 
with the Outback® used additionally in case of failure, leads to significant savings and can be rec-
ommended. In severe calcification, the Outback® should be used as the primary device. 

KEYWORDS
Outback®, Enteer®, OffRoad®, re-entry device, economic evaluation, subintimal angioplasty, femo-
ro-popliteal, chronic total occlusion 
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The number of patients requiring inter-
ventional treatment for symptomatic 
peripheral artery disease (PAD) has 

been rising continuously over recent years.1 
Therefore, a large number of angioplasties 
for the treatment of chronic total occlusions 
(CTO) end up being subintimal revasculariza-
tions. In about 20% of all subintimal recanal-
izations of femoro-popliteal arteries, spon-
taneous re-entry into the true lumen distally 
to the CTO may fail and thus jeopardizes a 
successful revascularization.2 As well as retro-
grade access, re-entry catheters have shown 
to be helpful in this regard.3,4 The high acqui-
sition costs, however, deter many potential 
users. But ultimately, an unsuccessful, abort-
ed recanalization with a subsequent second 
attempt or bypass surgery is more expensive 
for the healthcare system than the use of a 
re-entry device in selected cases. In this re-
gard, the Outback® catheter (Cordis – a Cardi-
nal Health company, Santa Clara, CA, USA) has 
been the first available system on the market 
since 2003, and there are several studies on 
femoro-popliteal subintimal revascularization 
confirming a technical success rate clearly ex-
ceeding 90%.4,5 In 2012, the Enteer® catheter 
(Medtronic, Minneapolis, MN, USA) was re-
leased with a published success rate of 86%.6 
Finally, in 2013, the OffRoad® catheter (Boston 
Scientific, Marlborough, MA, USA) followed 
with a technical success rate of 84.8%.7 These 
three conventional re-entry devices differ 
much greater in their acquisition costs than 
in their stated effectiveness, implying a great 
potential for savings. So far, there are no stud-
ies comparing the potential economic savings 
of the catheters, as well as their technical effi-
ciency and limitations in this regard.

Methods
The institutional review board approved 

the conduction of this study and the subse-
quent analysis of anonymized patient data 
(BKF-A-2018-11) and waived the need for 
informed consent. The study was performed 
concordantly with the ethical standards of 

the 1946 Declaration of Helsinki and its later 
amendments.

Introduction of the devices

The OffRoad® system consists of a 6F 
catheter with a pear-shaped 5.4 mm posi-
tioning balloon at the tip for alignment with-
in the dissection and direction of the tip to-
wards the true lumen. A separately supplied 
microcatheter lancet with a narrow lumen 
sufficient for a 0.014” wire is inserted coaxial-
ly. The balloon catheter can be guided to the 
target position via a 0.035” wire. However, 
the exceptionally poor crossing profile at the 
catheter tip regularly necessitates pre-dila-
tion of the passed occlusion. After position-
ing the catheter tip in the desired position 
and inflation of the balloon, the puncture is 
made with the lancet, and finally, the further 
course of the vessel is probed with the 0.014” 
wire. The needle can be bent slightly at the 
tip for better targeting. 

In contrast to this, the Enteer® device is 
advanced over 0.014” or 0.018” wires. The 
crossing profile is comparable to standard 
0.018” balloons and thus optimal for the pas-
sage of even long, complex occlusions reg-
ularly without pre-dilation. The distal end of 
the catheter is positioned within the dissec-
tion parallel to the target lumen. After the in-
flation of the flat-shaped balloon at the tip of 
the catheter for its self-orientation, re-entry 
ensues using the 0.018” Enteer® guidewire. 
Its short, angled tip allows the selection of 
the appropriate side hole on the side of the 
balloon facing the true lumen. The guidewire 
is available in three degrees of stiffness (flexi-
ble, standard, and stiff ). During this study, we 
regularly used the stiff guidewire for pene-
trating the dissection membrane.

The Outback® catheter is advanced to the 
desired re-entry site using a 0.014” wire. Due 
to the adequately shaped profile and the stiff 
catheter shaft, the catheter can usually be 
advanced without pre-dilation. Positioned 
parallel to the true lumen, the catheter tip is 
correctly aligned under fluoroscopy at two 
projection angles, once with the catheter in 
overlay with the target vessel and once with 
the catheter and target vessel exactly paral-
lel to each other. A needle is then deployed 
laterally, and the target lumen is punctured. 
This system offers the best direct control of 
the direction of puncture. However, the Out-
back® catheter shows a clear disadvantage 
for crossover maneuvers in steep aortic bifur-
cations due to its rigid catheter, which either 
tends to break in extreme cases just below 
the stiff deployment site of the needle (Out-
back® Elite) or is just not able to cross the bi-

furcation (Outback® LTD). This restriction has 
already been detailed by Raskin et al.8

All procedures were performed by one 
of three experienced interventionalists with 
at least six successful applications of the 
Outback® catheter in femoro-popliteal CTO. 
Prior to the first use of the OffRoad® and the 
Enteer® device in the context of this study, all 
interventionalists were instructed by a prod-
uct specialist, and the first three applications 
for each device were performed in the pres-
ence of at least two of the interventionalists. 
No initial application was carried out by a 
sole individual.

Economic considerations

The potential economic savings for the 
initial application of either the OffRoad® or 
the Enteer® device in contrast to the solitary 
utilization of the Outback® catheter were 
calculated. Since the economic break-even 
point depends on the prices, the formula 
»price of competitor * 100/price of Outback®« 
can be used to calculate the needed suc-
cess rate for the economically sensible use 
of different devices. When using the offered 
prices in Germany (Outback®, €1,700; Of-
fRoad®, €795; Enteer®, €540; all before tax), 
the break-even point for the Enteer® device 
equates to a success rate of 32%, while the 
OffRoad® needs a success rate of 47%. With 
published technical success rates beyond 
80%, relevant savings should be achievable 
with both systems.

Retrospective evaluation 

The prospective observational study was 
preceded by a retrospective evaluation of 
the experience with the Outback®. All con-
secutive patients who had ever been treated 
with the Outback® re-entry device in the set-
ting of percutaneous subintimal recanaliza-
tion of femoro-popliteal CTO since its intro-
duction to this tertiary hospital in December 
2015 were included. For every patient, the 
demographic baseline data, lesion character-
istics, and technical success rate of the device 
were noted. 

Prospective analysis

The prospective observational part of the 
study started in June 2018 and lasted until 
January 2020. In those 20 months, all consec-
utive patients presenting with a femoro-pop-
liteal CTO, who were treated with a percu-
taneous subintimal recanalization, were 
included, whether or not a re-entry catheter 
was used. No hybrid procedures were includ-
ed. The exclusion criteria were luminal pas-

Main points

• When primarily using the Enteer® catheter 
for device-assisted re-entry in femoro-pop-
liteal occlusions, a relevant and significant 
cost reduction can be achieved per patient.

• When treating heavily calcified re-entry 
sites, the Outback® device has a clear advan-
tage over the other tested re-entry devices.

• For a large distance to the true lumen due 
to a wide dissection, all tested re-entry de-
vices show distinct weaknesses and should 
be omitted.
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sage of the occlusion, previous interventions 
with the necessity of femoro-popliteal place-
ment of stents or stent grafts, or any previous 
angioplasty of the target lesion within the 
three months before the index procedure. 
Acute or subacute occlusion with a sudden 
onset of symptoms consistent with arteri-
al thrombosis or thromboembolism were 
also excluded. Except for these exclusions, 
all consecutive interventions were includ-
ed and documented in detail. In the case of 
unsuccessful primary re-entry with the stan-
dard wire techniques, a re-entry device was 
used in the distal femoral or popliteal artery. 
For the first 20 patients (study arm I), the Of-
fRoad® catheter was used, while the following 
20 patients (study arm II) were treated with 
the Enteer® catheter. In the case of failure of 
assisted re-entry, the Outback® catheter was 
employed as a bailout. The patient collection 
started with the first OffRoad® device being 
used and was completed after the inclusion 
of the twentieth patient being treated with 
the Enteer® re-entry device. Figure 1 illus-
trates the course of the study as a flowchart. 

Baseline and procedural characteristics

For all patients, demographic baseline 
data, relevant comorbidities, and clinical 
stage of PAD according to the Rutherford 
classification were documented. In addi-
tion, lesion characteristics such as location; 
length; the degree of calcification docu-
mented as none, mild (<25% circumference), 
moderate (25%–50%), or severe (>50%); the 
level of re-entry to the true lumen; and the 
time until spontaneous re-entry were noted.9 
The technical success of the re-entry maneu-
ver itself, either with or without a re-entry de-

vice, as well as the overall procedural success 
defined as successful target vessel recanali-
zation, were documented. Furthermore, in 
the case of an assisted re-entry, the time un-
til successful re-entry was noted (time from 
insertion of the device until successful access 
to the true lumen with the 0.014” wire in min-
utes). Subgroup analyses were performed 
after excluding patients in whom a re-en-
try catheter was foreseen to fail before use 
and in all patients with severe re-entry site 
calcification. Device-related complications 
were documented and classified according 
to the Society of Interventional Radiology 
Classification System for Complications by 
Outcome.

Procedure

All procedures were performed in a stan-
dard angiography suite using a Philips Allu-
ra Xper FD20 angiography system (Philips 
Healthcare, Best, The Netherlands). All pro-
cedures were conducted percutaneously. 
Whenever possible, an antegrade approach 
via the ipsilateral common femoral artery 
was chosen with the placement of a 6 or 7 
French sheath. If an antegrade approach was 
not possible due to obesity or a proximal 
start of the occlusion, a retrograde approach 
via the contralateral common femoral artery 
and subsequent crossover maneuver was 
chosen. A 45 cm long, 6 French Destination® 
(Terumo Corporation, Tokyo, Japan) or For-
tress® (Biotronik, Berlin, Germany) sheath 
was introduced and used as access to the 
target lesion. 

Under roadmap guidance, subintimal 
probing of the occluded vessel segment was 
performed using either a diagnostic cathe-

ter with a short angled tip (Cordis® Tempo® 
Vertebral Catheter, Cordis, a Cardinal Health 
Company, Santa Clara, CA, USA) in combi-
nation with a 0.035” hydrophilic guidewire 
(Radiofocus® Guidewire M Standard Type, 
Terumo Corporation, Tokyo, Japan) or a 
low-profile support catheter (0.018” Trail-
BlazerTM, Medtronic, Minneapolis, MN, USA) 
combined with a 0.018” CTO wire (Hi-Torque 
Command ES guidewire, Abbott, Chicago, 
IL, USA). The time after passage of the CTO, 
either until successful spontaneous re-entry 
or until the decision to introduce a re-entry 
device, was noted. In the first 20 patients, the 
OffRoad® catheter was used, and in the fol-
lowing 20 patients, the Enteer® catheter was 
used. In a case of failed assisted re-entry with 
either of these systems, the Outback® cathe-
ter was used as a bailout tool. 

After successful re-entry balloon angio-
plasty and in the case of residual stenosis due 
to dissection, recoil, or heavy calcification, 
self-expandable nitinol stents or stent grafts 
(Innova®, Boston Scientific, Marlborough, 
MA, USA; GORE® VIABAHN® and TIGRIS®, W. L. 
Gore & Associates, Inc., Newark, DE, USA; Su-
pera®, Abbott Vascular, Santa Clara, CA, USA; 
Astron Pulsar®, Biotronik, Berlin, Germany) 
were deployed to secure the result. The num-
ber of stents and stent grafts used to treat 
the lesion was documented.

Statistical analysis

Demographic and clinical baseline data 
are presented as means with corresponding 
standard deviations (SD) for metric variables 
and with absolute counts and percentages 
for nominal variables. Baseline variables were 
compared between the retrospective and the 
prospective cohort as well as between the 
two study arms using the t-test for unpaired 
samples for all metric variables and the chi-
square test for nominal variables. For the 
latter, categories of lesion and re-entry site 
calcification were simplified to none, mild, 
and moderate vs. severe. The performance 
of the two OffRoad® and Enteer® re-entry 
devices was compared with the overall per-
formance of the study arm determined by 
the combined success rate of the Outback® 
or the Enteer® device and the occasionally 
necessary subsequent use of the Outback® 
catheter. The chi-square test was used for this 
purpose. The cost–benefit of the primary use 
of either of the two systems studied was then 
investigated. The actual additional per-pa-
tient costs caused by using one or two re-en-
try devices were compared with the fictitious 
costs that would have been incurred by the 
primary and sole use of the more expensive 

Figure 1. Illustration of the course of the prospective block-randomized study with the OffRoad® catheter 
used in study arm I and the Enteer® catheter used in study arm II. Each study arm includes 20 lesions that 
required the use of a corresponding re-entry device. Y, yes; N, no.
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Outback® device. The comparison was made 
using the Mann–Whitney U test.

Results

Retrospective analysis

Since its introduction in our clinic in De-
cember 2015 and before the start of the 
prospective study in June 2018, 31 lesions in 
31 patients were treated with the Outback® 
device during subintimal revascularization 
of femoro-popliteal CTO. Table 1 shows the 
demographic baseline data and lesion char-
acteristics for the included patients. The de-
ployment of the Outback® re-entry device 
was successful in 30 patients, resulting in a 
technical success rate of 97%. This justified 
its definition as a gold standard in the con-
text of this study.

Prospective analysis

Table 1 offers basic demographic data for 
all enrolled patients as well as for each study 
arm separately. There were no statistically 
significant differences between the retro-

spective and prospective cohort in general 
in terms of patient age, lesion length, and 
lesion, as well as re-entry site calcification. 
However, in the prospective cohort, target 
lesion and re-entry site calcifications were 
significantly more often severe in the study 
arms, necessitating the use of re-entry cathe-
ters compared to those patients with sponta-
neous re-entry (P < 0.010). 

An unassisted re-entry could be achieved 
in 68 of 109 treatments, which amounts to a 
primary procedural success rate of 63%. The 
average time until spontaneous re-entry was 
1.7 min (SD: 5.1). In one case, the passage of 
the chronic artery occlusion was not possible 
due to massive calcification and was count-
ed as primary procedural failure (0.9%). We 
deemed spontaneous re-entry a failure after 
an average of 6.7 min (SD: 5.6) of probing and 
proceeded with the use of a re-entry device.

Figure 2 offers an overview of the results 
regarding the technical and procedural 
success. The OffRoad® was successfully de-
ployed in 9/20 (45%) cases with an average 
time until successful re-entry of 12.5 min (SD: 

6.4). In the case of failure of the OffRoad®, 
the Outback® catheter ensured success in 
another 8/10 (80%) procedures after a mean 
total time from the use of the first device 
until re-entry of 15.2 min (SD: 12.9). During 
one procedure, re-entry was achieved spon-
taneously further distal from the originally 
chosen re-entry site after an unsuccessful 
attempt with the OffRoad® device and be-
fore using the Outback® catheter according 
to the study protocol. The Enteer® re-entry 
device was successfully used in 12/20 (60%) 
patients. Another 5/8 (63%) re-entries could 
be achieved by the usage of the Outback® 
catheter. The average time until successful 
re-entry was 6.65 min (SD: 6.4) for the En-
teer® catheter and 8.25 min (SD: 12.9) when 
the additional use of the Outback® catheter 
was necessary. The technical success rate 
for the OffRoad® catheter was significantly 
worse than the overall performance after 
additional use of the Outback® catheter in 
study arm I (P = 0.003). The success rate of the 
Enteer® catheter only narrowly missed that 
significance level in study arm II (P = 0.077).

Table 1. Demographic baseline data

Retrospective 
cohort

Prospective cohort P values*

Outback® Complete 
cohort

Spontaneous 
re-entry

Study arm I
(OffRoad®) 

Study arm II 
(Enteer®) 

Number of patients 31 99 60 19 20 -

Number of lesions 31 109 69 20 20 -

Age in years given as mean (SD) 75 (9.1) 74.2 (9.7) 73.1 (9.7) 74.6 (10.1) 74.2 (9.3) 0.674/0.207

Sex (M:F) 15:16 67:32 49:20 13:7 11:9 0.052/0.519

Rutherford stage - - - - - 0.522/0.381

1 0 (0) 1 (1) 1 (1.5) 0 (0) 0 (0) -

2 2 (7) 2 (2) 1 (1.5) 0 (0) 1 (5) -

3 13 (42) 36 (33) 25 (36) 8 (40) 3 (15) -

4 3 (11) 15 (14) 9 (13) 3 (15) 3 (15) -

5 10 (33) 40 (36) 24 (35) 7 (35) 9 (55) -

6 2 (7) 15 (14) 9 (13) 2 (10) 4 (20) -

Lesion length (cm) given as mean (SD) 17.5 (9.5) 18.1 (10.7) 17.4  (10.6) 16.9 (9.2) 19.9 (12.1) 0.815/0.361

Target lesion calcification - - - - - 0.120/0.197

None

5 (16) 25 (23) 18 (26) 3 (15) 4 (20) -

Mild 13 (42) 28 (26) 27 (39) 1 (5) 0 (0) -

Moderate 7 (23) 19 (17) 10 (15) 6 (30) 2 (10) -

Severe 6 (19) 37 (34) 14 (20) 10 (50) 14 (70) -

Calcification of re-entry site - - - 0.883/1

None

6 (19) 27 (25) 20 (29) 3 (15) 4 (20) -

Mild 14 (45) 31 (28) 27 (39) 2 (10) 2 (10) -

Moderate 4 (13) 25 (23) 13 (19) 6 (30) 5 (25) -

Severe 7 (23) 26 (24) 9 (13) 9 (45) 9 (45) -

*P values for the statistical significance testing for “retrospective collective vs. complete prospective collective” / “study arm I vs. study arm II”. SD, standard deviation; M, male; F, 
female.
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When analyzing possible causes of de-
vice failure, three cases were clearly due to a 
wide dissection, resulting in a great distance 
between the true lumen and the re-entry de-
vice. Retrospectively, these cases were high-
ly unlikely to be successful from the outset, 
and the primary omission of a re-entry de-
vice would have been legitimate. However, 
according to the study protocol, the devices 
were used regardless of the probable failure 
to avoid selection bias. A subgroup analysis 
with exclusion of these three cases revealed 
the results presented in Figure 3. With this 
clinically justifiable modification, not only 
was the technical success rate of the Of-
fRoad® catheter significantly worse than the 
overall re-entry device performance in study 
arm I (P = 0.001) but it was also now worse 
than the rate of the Enteer® catheter in study 
arm II (P = 0.035).

The success rate of the Outback® device as 
a backup tool in the prospective study arms 
was 13/18 (72%) for the entire study popula-

tion and 13/15 (87%) in the reduced cohort, 
according to Figure 3. In conjunction with 
the success rate in the retrospective part of 
the study, this results in an overall technical 
success rate of 43/49 (88%) and 43/46 (93%), 
respectively.

Another subgroup analysis was intro-
duced to examine possible differences in 
spontaneous and device-assisted re-entry in 
severely calcified vessels. Table 2 shows the 
cases of severely calcified re-entry sites with 
the exclusion of the above-mentioned pre-
dictable failures and their success rates.

After the successful passage of the target 
lesion, subsequent angioplasty in all and 
additional stent/stent-graft placement in 
94/109 (86%) lesions were conducted. On 
average, 1.7 (SD: 0.8) stents or stent grafts 
were used for treating the target lesion. Con-
sidering all prospectively enrolled patients, 
the overall procedural success rate equates 
to 95% (103/109). 

Economic evaluation

The additional costs resulting from the 
use of one or two re-entry catheters were 
calculated separately for each study arm. The 
additional costs in study arm I could amount 
to €795 for the sole use of the OffRoad® de-
vice or €2.495 (795 + 1.700) in the case of the 
additional necessary use of the Outback® 
catheter. Similarly, additional costs in study 
arm II amounted to €540 or €2.240 (540 + 
1.700). This also explains the wide range of 
SDs. The statistically insignificant mean re-
duction of per-patient costs for each study 
arm was €55 (SD: 850) (3%) for the OffRoad® 
and €480 (SD: 833) (28%) for the Enteer® de-
vice. When excluding the three cases with 
predictable technical failure, the per-patient 
cost reduction rose to €100 (SD: 849) (6%) for 
the OffRoad® and €593 (SD: 801) (35%) for 
the Enteer® device, the latter now reaching 
significance (P = 0.036) despite the fact that 
the success rate of the Enteer® device was 
significantly inferior to the overall re-entry 
device performance with the help of the Out-
back® catheter. 

Discussion
The major perspective of this study was 

the comparison of re-entry devices to eval-
uate possible economic savings. However, 
the actual calculated savings were much 
lower than anticipated. When looking at 
the literature, the performance of both pro-
spectively compared re-entry devices should 
have been better, resulting in a considerably 
larger effect size when looking at the po-
tentially saved costs. With a success rate of 
93%–96% for the Outback® catheter, 84.5% 
for the OffRoad® catheter,7 and 86% for the 
Enteer® catheter10 and vastly different acqui-
sition prices, the number of patients needed 
to demonstrate significant economic savings 
in the chosen study design were expected to 
be low. This partly explains the small number 
of patients planned for the analysis. Howev-
er, despite the surprisingly low success rate 
of the two compared devices, a significant 

Table 2. Subgroup “severely calcified re-entry sites”

Subgroup “severely calcified re-entry sites” Number of patients Success rate Additional use of the Outback® Success of the secondary 
Outback® 

Retrospective cohort
(Outback®) (%) 7 7/7 (100) - -

Prospective cohort (%)

Complete collective 24 14/24 (58) 10 9/10 (90)

Spontaneous re-entry 9 9/24 (38) - -

Study arm I (OffRoad®) 8 3/8 (38) 5 5/5 (100)

Study arm II (Enteer®) 7 2/7 (29) 5 4/5 (80)

Figure 2. Overview of the technical success rates of the used devices in the two sequentially arranged study 
arms.

Figure 3. Overview of the technical success rates of the used devices in the two sequentially arranged study 
arms in a subgroup analysis with the exclusion of three cases with predictable device failure due to a wide 
distance between the true lumen and the re-entry device.
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reduction in costs could only be achieved 
by primarily using the Enteer® device and 
the Outback® catheter as a bailout device 
after excluding three cases with anticipated 
failure due to a large distance between the 
device and the target vessel lumen. 

In addition, the chosen low number of pa-
tients per study arm seemed appropriate, as 
we did not expect a long initial training peri-
od since fast and intuitive handling for those 
rarely used devices is essential. Therefore, 
it is important that every interventionalist 
can successfully employ them after a short 
training interval in the femoro-popliteal seg-
ment. Other locations, such as the tibio-pe-
roneal arteries, certainly require more expe-
rience.11,12 Furthermore, the initial training 
period for the gold standard, the Outback® 
catheter, was also included in this study to 
facilitate the comparison between the re-en-
try devices. To minimize the effect of three 
separate learning curves in three interven-
tionalists, all were instructed beforehand by 
a product specialist and were able to test the 
systems in vitro. The first applications were 
then always conducted in a team until every-
one was aware of the individual advantages 
and disadvantages of the systems and could 
work quickly with the same level of experi-
ence.

With a success rate of only 45%, this 
study showed a considerably lower success 
rate for the OffRoad® catheter than that by 
Schmidt et al.7 However, Schmidt et al.7 did 
exclude almost all patients with severe calci-
fication of the target lesion from the study, 
resulting in a rate of severe calcifications 
of only 5.4%. For those few included cases 
with severe calcification, a success rate of 
only 60% was documented, while cases with 
mild calcifications showed a success rate of 
93%. Moreover, the OffRoad® catheter was 
used primarily without previously trying to 
achieve a spontaneous re-entry, which is a 
rather unusual study design for such a de-
vice. With an average time until re-entry of 
11.1 min (SD: 10.5), this time is comparable 
to that in our study (12.5 min; SD: 6.4). Finally, 
it should be mentioned that the study was 
not conducted independently of the manu-
facturer, which may explain the deficiencies 
in the study design and the interpretation of 
the results. The first study of this device in hu-
mans, with the inclusion of just six patients, 
indicated a success rate of 83% when using 
the OffRoad® catheter after failed primary re-
vascularization, even in cases of severe calci-
fication.13 We were not able to reproduce this 
success rate. 

One big advantage of the Enteer® cathe-
ter, in contrast to the OffRoad® device, is its 
sleek crossing profile. A passage to the de-
sired re-entry site can be achieved without 
issue. The comparably much shorter time 
until re-entry of only 6.65 min vs. 12.5 min 
with the OffRoad® device reflects this. How-
ever, the maximum 67% success rate of the 
Enteer® device shown in this study was much 
lower than in the peripheral facilitated ante-
grade steering technique-CTO trial, where a 
success rate of 86% for the Enteer® catheter 
after failed primary recanalization was doc-
umented.10 There, the re-entry device was 
used in 21 out of 66 cases. The exact lesion 
characteristics were not described, but only 
in 45% of the 66 patients were the vessels 
described as moderately or severely calci-
fied. In our study, 16 out of 20 target lesions 
(80%) were at least moderately calcified. This 
may explain the lower success rate and also 
emphasize the necessity of careful consid-
eration of the chosen re-entry device. Ulti-
mately, the Enteer® catheter failed to achieve 
the expected technical success rate in the 
present study. However, when excluding 
patients with expected failure of the device 
due to a large distance between the device 
and the true lumen, the calculated economic 
savings per patient of almost €600 were sig-
nificant and relevant. 

When comparing the group with spon-
taneous re-entry to those with the need for 
re-entry devices, the impact of re-entry site 
calcification becomes obvious. Only 13% 
(9/69) of re-entry sites were severely calcified 
in the group with spontaneous re-entry. On 
the other hand, 45% (18/40) of re-entry sites 
in study arms I and II were severely calcified. 
Hence, the grade of calcification can be used 
as a predictor for the necessity of a re-entry 
device. The Enteer® catheter also revealed its 
greatest weakness in the presence of severe 
calcification, with an associated technical 
success rate of only 29%. Contrary to the 
results of Shin et al.14, the Outback® device 
showed excellent results even in the severely 
calcified re-entry sites with a success rate of 
90% (25/27). Thus, the extent of calcification 
of the re-entry site can certainly be used as 
an additional selection criterion, with the 
Outback® favored over the Enteer® catheter 
in such cases. Hence, it should be possible 
to achieve an even greater cost advantage. 
In our study, the Outback® device proved its 
great performance despite being used only 
in difficult cases when the other re-entry 
devices had failed. With a retrospective suc-
cess rate of 97% (30/31) and a success rate of 
up to 87% (13/15) in the prospective study 

as a bail out, the overall success rate of the 
Outback® catheter was 93% (43/46). This 
concurs with other studies.5,15,16 Hence, the 
definition as a gold standard was justified. As 
already described in previous studies, pos-
sible predictors of failed assisted re-entries 
were heavy calcification with consecutive 
difficulty tracking the device over the wire 
or an acute angle of the aortic bifurcation in 
crossover recanalization.8,14 However, in the 
majority of cases, it impresses with its very 
easy and swift application, which was prov-
en by the documented re-entry times when 
used as a bail out. When using the OffRoad® 
device, a re-entry time of 12.5 min (SD: 6.4) 
was documented. However, if it failed, the 
combined time until re-entry with the addi-
tionally used Outback® device took, on aver-
age, no more than three minutes longer (15.2 
min; SD: 12.9). The same was shown for the 
Enteer® device. By itself, a time of 6.65 min 
(SD: 6.4) until re-entry was documented, and 
in the case of failure, the entire re-entry time 
with the additionally used Outback® catheter 
was only two minutes greater (8.25 min; SD: 
12.9). 

The primary procedural success rate with-
out a re-entry device in this study was 63%. 
Other studies have shown a higher primary 
success rate between 80% and 92%.2 In this 
meta-analysis, lesion characteristics and the 
exact procedural events were not mentioned 
and, therefore, cannot be compared to our 
study. Since we started including patients 
with the use of the first re-entry device and 
closed the acquisition with the use of the for-
tieth re-entry device, we artificially distorted 
the actual primary success rate. Furthermore, 
we placed a great deal of importance on a 
targeted re-entry, which prevented us from 
using aggressive wire maneuvers to ensure 
re-entry. Moreover, we refrained from using 
any additional auxiliaries, such as the subinti-
mal application of balloons to achieve re-en-
try, to keep the subintimal space as narrow as 
possible and, thus, the starting conditions for 
the devices as comparable as possible. In the 
context of this study, we also refrained from 
using a retrograde access to the lesion, which 
is, of course, a viable and cheap, but no less 
complex, alternative.17 The learning curve for 
the distal retrograde access (either pedal, ti-
bio-peroneal, or popliteal) and for the corre-
sponding access site management is longer 
than for the application of the Outback® cath-
eter, and the possible complications of the ad-
ditional access site could be much more seri-
ous, especially when considering the popliteal 
artery. We, therefore, never use this approach 
in claudicants and think that re-entry devices 
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are an ideal tool to deal with these situations 
via a single access route. For the purpose of 
the study, we have generally avoided this 
technique. Another very exciting application 
is the retrograde insertion of the Outback® 
catheter in lesions that cannot be treated in 
any other way.18 With growing experience and 
confidence in the use of retrograde access 
and the Outback® catheter, this option can be 
a game changer in selected cases.

The selection of devices used in our 
study was based on the great difference in 
their acquisition costs in comparison to the 
Outback® device and, thus, the potential for 
economic savings. The Pioneer Plus® re-entry 
device would have been a possible alterna-
tive as a gold standard. However, a lack of ex-
perience with this device prevented its use in 
our study. Furthermore, despite comparable 
acquisition costs for the Pioneer Plus® and 
the Outback® catheter, the additional need 
for an intravascular ultrasound system for the 
Pioneer Plus® may imply an additional hurdle 
for most users. Moreover, its use is usually re-
served for more complex applications.19 For 
this study, selected off-the-shelf devices can 
all be applied without additional equipment, 
with the exception of the guidewires, and 
can thus be implemented in the daily routine 
without problems. 

A recently introduced device is the Go-
Back® catheter (UPSTREAM Peripheral Tech-
nologies Ltd., Israel). However, the cost of 
this re-entry device is comparable to the 
Outback® catheter. Its use suggests no pos-
sibility of economic savings, so we excluded 
it from this study. A prospective head-to-
head comparison with the Outback® cath-
eter would be a useful study. However, the 
GoBack® catheter is being promoted with 
the additional characteristic of a crossing de-
vice, which differs greatly from the included 
devices in this study. To compare such vastly 
different devices in the setting of this study 
would have been problematic. Neverthe-
less, in this study, there was only one case in 
which the passage of the target lesions was 
not possible using the standard guidewire 
technique. So, the number of cases in which 
the promoted characteristic of a crossing de-
vice of the GoBack® catheter being an advan-
tage seems to be limited.

The main limitations of the present work 
are the comparatively small number of pa-
tients per study arm, which has already been 
discussed, but also the lack of clinical fol-
low-up of the patients. However, this seemed 
irrelevant to the study objective. Clinical suc-
cess and value of femoro-popliteal recanal-

izations in symptomatic PAD, as well as the 
value of subintimal recanalization, have been 
sufficiently investigated in larger cohorts.20 
Our study would not have contributed any 
decisive added value, and this information 
would have merely overloaded the manu-
script.

In conclusion, due to its low success rate, 
the OffRoad® re-entry device offers no op-
tions for cost savings. The Enteer® catheter, 
in contrast, seems to offer the possibility of 
significant savings in a gradual approach 
with the Enteer® catheter as the primarily 
used device and the Outback® catheter only 
utilized in the case of failure of the Enteer®. 
Predictable failures for any device result 
from too great a distance between the de-
vice and the target lumen in a wide dissec-
tion. In these cases, the additional use of a 
re-entry device and the associated costs 
can be omitted. In cases of severely calcified 
re-entry sites, the primary use of the Enteer® 
device cannot be recommended. In these 
cases, the primary use of the Outback® cath-
eter offers higher chances of success. Thus, 
the significant average savings per patient 
documented in this study may even be ex-
ceeded.
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Following a 1998 clinical trial that demonstrated the short-term efficacy of inferior vena 
cava (IVC) filters in preventing pulmonary embolism (PE), the implantation rate of IVC 
filters increased for years before peaking in 2010.1,2 These filters are not always intended 

for permanent use, and in 2010, the US Food and Drug Administration recommended the 
removal of retrievable IVC filters that were no longer required, reinforcing this recommenda-
tion in 2014.3 Although Brown et al.4 reported an increase in the 1-year retrieval rates of IVC 
filters from 14% to 24%, the majority of implanted filters are not retrieved.5 Many factors may 
contribute to low retrieval rates, including the difficulty of removing filters. Ray et al.6 reported 
that approximately 15% of filter retrievals were not successful using standard techniques in a 
population of closely followed patients. Reported causes for standard retrieval failures include 
tilted, damaged, or thrombosed filters.6,7

Furthermore, not all patients are closely followed up after filter placement, leading to 
longer dwell times before an attempted retrieval and increased technical complexity during 
retrieval. In a study of patients with a mean dwell time of 685 days, 60% were referred for 

ABSTRACT
This study aimed to assess the safety of complex inferior vena cava (IVC) filter retrieval techniques 
through a systematic review of published literature.

Using PubMed, a systematic review was conducted in line with the 2020 Preferred Reporting 
Items for Systematic Review and Meta-Analysis guidelines to identify articles published through 
April 2020 that reported on complex IVC filter retrieval techniques in >5 patients. Case reports, 
review papers, and studies that did not report on primary outcomes or variables of interest were 
excluded. Risk of bias was assessed using a modified Newcastle–Ottawa Quality Assessment scale. 
Pooled success and complication rates were calculated for the overall number of complex retrieval 
attempts as well as for each filter type and each complex retrieval method.

Sixteen fair-quality and three good-quality studies met the inclusion criteria, with 758 patients (428 
female) who had undergone 770 advanced retrieval attempts. The mean age of the patients was 
46.5 ± 7.1 years (range: 14.1–90), and the mean dwell time was 602.5 ± 388.6 days (range: 5–7336). 
Regarding filters, 92.6% (702/758) were retrievable and 7.4% (56/758) were permanent. Indications 
for complex retrieval included the failure of standard retrieval (89.2%; 676/758) and tilting or em-
bedding in the caval wall (53.8%; 408/758); 92.6% (713/770) of the advanced retrieval attempts 
were successful. The pooled success rate was 92.0% (602/654) for retrievable filters and 96.4% 
(53/55) for permanent filters (P = 0.422). Only 2.8% (21/758) of patients experienced major compli-
cations, and the major complication rate was not significantly associated with filter type (P = 0.183).

Advanced techniques for IVC filter retrieval appear safe for the retrieval of retrievable filters and cer-
tain permanent filters, with a low short-term major complication rate. Further studies on complex 
retrieval techniques used to remove permanent filters should be conducted to clarify their safety 
with respect to filter type.
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complex retrievals, which require the use of 
techniques and equipment beyond stan-
dard snares or dedicated retrieval devices.8 
Complex IVC filter retrieval techniques us-
ing modified loop snares, forceps, and lasers 
have been described in the literature. How-
ever, further analysis is needed to under-
stand the current usage and safety of these 
techniques. Herein, we conduct a systemat-
ic review of existing literature to assess the 
safety of complex IVC filter retrievals.

Methods
A systematic review was conducted in line 

with the 2020 Preferred Reporting Items for 
Systematic Review and Meta-Analysis guide-
lines of peer-reviewed literature on complex 
or advanced retrieval techniques attempted 
on patients with implanted IVC filters. This 
study qualifies as “non-human subject re-
search” as per the protocol set by the insti-
tutional review board (IRB) at our institution 
and was thus excluded from a formal IRB re-
view. 

Search strategy and study selection

A structured PubMed search was per-
formed for literature published up to and 
including April 2020. The search performed 
was as follows: “[(IVC filter retrieval) OR (IVC 
filter retrieval)] AND [(advanced) OR (ad-
vanced technique) OR (complex) OR (com-
plex retrieval) OR (forceps) OR (loop) OR (la-
ser)].” Two authors (NK and KB) used Rayyan 
QCRI software (Doha, Qatar) to systemati-
cally screen article titles and abstracts inde-
pendently.9 Decisions on studies eligible for 
a full-text review were made mutually after 
discussion. 

Data extraction

After the preliminary screening of titles 
and abstracts, the full texts were reviewed 
for definitive inclusion. The primary out-

comes of interest were the number of suc-
cessful attempts, failed attempts, and major 
complications. Other variables of interest in-
cluded demographic data, filter dwell times, 
filter types, retrieval indications, and retrieval 
methods. In this review, days are the units 
used to report dwell time. If studies reported 
dwell time in months or years, we converted 
these data to days (365.25 days: 1 year: 12 
months). Authors NK and KB independently 
collected primary outcomes and other vari-
ables of interest using Microsoft Excel (Micro-
soft, Redmond, WA, USA) to determine which 
study results to include in the data synthesis 
and to tabulate results. During the full-text 
screening, bibliography reviews were con-
ducted to find additional relevant publica-
tions. Once identified, their full texts were 
subsequently reviewed. Full texts were also 
screened for overlapping patient cohorts if 
study authors were listed in multiple pub-
lications. When overlapping cohorts were 
identified, only the most recent publication 
was included. The publications in this sys-
tematic review provided measures of central 
tendencies instead of individual patient data; 
thus, weighted averages were used based on 
sample size. 

Eligibility criteria

This review includes studies reporting the 
retrieval of IVC filters involving a complex re-
trieval technique in >5 patients. A complex 
or advanced technique was defined as any 
technique other than one involving rou-
tine venous access with a snare for the filter 
hook (apex) or one involving a dedicated 
retrieval device. Advanced techniques used 
alone, in combination with other advanced 
techniques, in combination with standard 
techniques, or subsequent to failure with 
standard techniques were all included in 
this review. Case reports were excluded from 
this review due to the increased risk of selec-
tion bias, and review papers were excluded 
because of the lack of unique retrieval data. 
Both retrospective and prospective studies 
were included. Studies that did not provide 
specific patient demographics, filter dwell 
times, filter type, retrieval method, success 
rate, or major complication rate were exclud-
ed. Studies were grouped by filter type and 
retrieval method.

Definition of outcome measures

Incidence of successful retrievals and in-
cidence of major complications were the 
primary outcomes of interest. If study au-
thors reported multiple advanced retrieval 
failures followed by a retrieval success, all 

attempts were considered. Three studies re-
ported failed advanced retrieval attempts 
prior to successful advanced retrieval but did 
not quantify previous advanced attempts 
or detail which methods were used.10-12 As 
a result, only the final retrieval attempt was 
considered from these three studies in this 
review. Study authors also reported com-
plications only for final retrieval attempts; 
thus, complications following previous failed 
retrieval attempts were not reported in the 
complication rate. Successful retrieval was 
defined as the removal of at least the body 
of the filter. If another filter part was not re-
moved, such as a tip, hook, barb, or strut, the 
retrieval attempt was deemed successful but 
also included as a major complication. Ma-
jor complications were defined according 
to the Society of Interventional Radiology 
(SIR) Clinical Practice guidelines and were 
assessed using postretrieval IVC imaging in 
all patients.13 These complications included 
death, permanent adverse sequelae, pro-
longed hospitalization, additional therapy, 
and an unplanned increase in the level of 
care. Fractured unretrieved parts of IVC filters 
pose the risk of filter-related morbidity in 
patients and therefore qualified as potential 
severe adverse sequelae.14,15 Complications 
that required only nominal therapy, such as 
overnight observation, were not deemed 
major under these guidelines. The number of 
successful retrievals was summed across all 
studies. A pooled success rate was calculated 
using the total number of complex retriev-
al attempts, including past failed attempts. 
Similarly, the number of major complications 
were summed across all studies. However, 
the major complication rate was computed 
without the inclusion of past failed attempts 
because most study authors did not report 
data on complications following previous 
attempts. Additional success and complica-
tion rates were calculated for permanent and 
retrievable filters as well as for each complex 
retrieval method. Patient-level data were not 
available in the majority of studies, preclud-
ing the computation of adjusted effect mea-
sures.

Statistical analysis

Descriptive statistics for age and dwell 
time are presented as mean ± standard devi-
ation. For categorical variables, statistics are 
presented as percentage (%) and frequency. 
Success and complication rates for perma-
nent and retrievable filters were compared 
using two-sided Fisher’s exact tests. Separate 
rates for permanent and retrievable filters 
were identified in all but one study, which 

Main points

• Advanced retrieval techniques demonstrat-
ed promising pooled success rates of 92.0% 
and 96.4% for retrievable and permanent 
filters, respectively.

• Advanced retrieval techniques demonstrat-
ed a low pooled short-term major complica-
tion rate of 2.8%, and no patient mortality 
resulting from procedure-related complica-
tions was reported.

• Further studies on complex retrieval tech-
niques used to remove permanent filters 
should be conducted to clarify their safety 
with respect to filter type.
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was included in the overall success and com-
plication rates but excluded from the filter 
type statistical analysis.16 Success rate was 
also compared between the three most com-
mon retrieval methods (forceps, laser, and 
loop-snare) using a two-sided Fisher’s exact 
test. Two studies did not report the retrieval 
method used in their retrieval failures and 
were thus not included in the filter technique 
statistical analysis.10,17 Results were consid-
ered significant with P < 0.05. The analysis 
was performed using SPSS software, version 
25 (IBM, Armonk, NY, USA). 

Risk-of-bias assessment

Authors NK and KB independently as-
sessed all included studies for risk of bias 
using a modified Newcastle–Ottawa Quality 
Assessment scale (NOS) for cohort studies. 
Modifications included use of a 48-h fol-
low-up time cut-off in line with the SIR Clini-
cal Practice guideline definition of prolonged 
postprocedural hospitalization of >48 h.13 
Further modification included requiring stud-
ies to report on consecutive eligible patients 
to receive a star for the representativeness of 
their exposed cohort, thus identifying stud-
ies with an increased risk of reporting bias. 
Studies were deemed good quality if they 
received at least seven of nine possible stars, 
fair quality with between four and six stars, 
and low quality with three or fewer stars.

Results

Studies meeting inclusion criteria 

In total, 152 unique studies were identi-
fied, 147 through PubMed and 5 through a 
bibliography review (Figure 1). Of these stud-
ies, 58 were deemed eligible for a full-text 
review, including all five studies identified 
through the bibliography review. After the 
full-text review, 19 studies were included in 
this analysis. Seventeen studies were retro-
spective reviews, and two were prospective. 
A summary of these studies is provided in 
Table 1. All included studies contained ad-
vanced retrieval-specific data on patient age, 
sex, filter dwell time, success rate, and com-
plication rate. Filter types were provided in all 
but one study. Six additional studies met the 
inclusion and exclusion criteria of this review 
but included overlapping patient cohorts 
with the 19 included studies.15,18-22 These stud-
ies were therefore excluded.

Demographics and filter data 

Among the 19 studies in this analysis, 
data were provided on 758 patients (428 
women; mean age: 46.5 ± 7.1 years; range: 
14.1–90 years) with implanted IVC filters that 
required advanced techniques for removal. 
The mean dwell time of the IVC filters was 
602.5 ± 388.6 days (range: 5–7366 days). The 

majority (92.6%; 702/758) of filters in our 
analysis were designed as retrievable filters 
(Table 2). The most common retrievable fil-
ters were Günther Tulip (26.5%; 186/702), 
Celect (21.9%; 154/702), and Option (16.7%; 
117/702). The most common permanent 
filter was TrapEase (41.1%; 23/56). In 35 pa-
tients, the exact filter brand was not pro-
vided,17,23 although they were identified as 
retrievable. 

Indications for retrieval 

Indications for IVC filter retrieval were 
provided in 67.9% (515/758) of patients. Ini-
tial indications for retrieval were categorized 
as either asymptomatic (81.4%; 419/515) or 
symptomatic (18.6%; 96/515). Asymptomat-
ic patients underwent retrieval because the 
IVC filtration was no longer needed. Symp-
tomatic patients experienced filter-related 
morbidities, such as pain resulting from IVC 
occlusion or stenosis. 

The advanced retrieval methods were 
commonly indicated after failed attempts 
using standard retrieval. Of all the filters, 
89.2% (676/758) were found to be refractory 
to standard retrieval methods. Of the remain-
ing 82 filters, an advanced retrieval was the 
first technique attempted in 40 patients, and 
standard retrieval attempts were not spec-
ified in 42 patients. Radiographic findings 
were explicitly discussed for 53.8% (408/758) 
of patients. These 408 patients were all found 
to have tilted filters or filters embedded in 
the caval wall. These findings were common-
ly considered the reason for the failed stan-
dard retrieval. 

Retrieval success and methods 

Of the 758 filters, 770 advanced retriev-
al attempts were reported. The additional 
12 attempts failed previous retrieval at-
tempts with an advanced technique prior 
to a successful retrieval.16,23-26 In four cases, 
a failed loop-snare method led to the use 
of forceps.25 In another three cases, forceps 
retrieval failure led to the use of loop-snare-
type methods.24,26 In three more cases, snare 
retrieval with aggressive traction failed, and 
patient discomfort required a re-attempt un-
der general anesthesia in the two remaining 
previous advanced retrieval attempts.16,23,26 
A total of 92.6% (713/770) of attempts were 
successful using an advanced technique or 
combination of advanced techniques. In 
four patients, filter bodies were successfully 
removed from the IVC. However, filter frac-
tures resulted in adherent or migrated struts, 
for which complex retrieval methods were 
not attempted, or retrieval was not possi-
ble.17,25-27 These four retrieval attempts were 

Figure 1. Preferred reporting items for systematic review and meta-analysis flowchart documenting the 
selection process for articles included in this systematic review. IVC, inferior vena cava.



IVC filter retrievals using advanced techniques: a systematic review • 503

deemed successful but counted as major 
complications because of the risk of severe 
adverse sequelae. In one study of 60 patients 
(59 retrievable filters and one permanent fil-
ter) and 61 advanced retrieval attempts, the 
filter type was not identified for the retrieval 
failures and complications. This study was 
included in the overall success and compli-
cation rate but excluded from the filter type 
success or complication statistical analysis.16 
The success rate was 92.0% (602/654) for re-
trievable filters and 96.4% (53/55) for perma-
nent filters (P = 0.422; Table 3). 

Although various advanced retrieval 
methods were used, three methods were 
the most common: forceps (37.9%; 292/770), 
laser (32.7%; 252/770), and modified loop-
snare (19.9%; 153/770). Two studies did not 
report the technique used in their retrieval 
failures;10,17 these were included in the over-
all success rate but excluded from individual 
retrieval method success rate analysis. The 
success rate of retrieval attempts was 95.5% 
(273/286) for the forceps method, 98.8% 
(249/252) for the laser method, and 86.0% 
(123/143) for the modified loop-snare meth-
od. The success rate was significantly differ-
ent between the three retrieval methods (P 
< 0.001; Table 3).

Major complications

Major complications occurred in 2.8% 
(21/758) of patients during or after retrieval 

attempts, with no patient mortality reported 
as a result of a procedure-related complica-
tion. This included a 2.5% (16/643) complica-
tion rate for retrievable filters and 5.5% (3/55) 
complication rate for permanent filters. Filter 
type was not provided for two complications. 
Complication rate was not significantly asso-
ciated with filter type (P = 0.183; Table 3). No 
procedure-related mortality was reported. 

Eleven patients had major complications 
localized to the IVC. Six patients experienced 
IVC thrombosis, which was treated using 
catheter-directed thrombolysis followed by 
angioplasty if needed.26,28 One additional 
patient had a pseudo-aneurysm of the IVC 
that was treated with balloon tamponade.12 
Another patient experienced an extravasa-
tion in the IVC wall, and another experienced 
an IVC dissection that was treated with 
anticoagulation.16,17 A patient also experi-
enced non-occlusive IVC stenosis, managed 
through angioplasty, and one patient had a 
filter strut within the IVC that could not be 
captured.27,29 Ten major complications were 
non-localized. Three patients had a signifi-
cant retroperitoneal hemorrhage, requiring 
stent graft placement in two of these patients 
and a 5-day hospitalization in the other pa-
tient.16,28 At the femoral vein access sites, one 
patient experienced a right common femoral 
vein laceration attributed to the incomplete 
sheathing of a filter.11 This filter could not be 
removed, and surgical cutdown and venous 

closure were required. Another patient also 
required urgent cutdown and repair of the 
access-site vein.17 One other patient experi-
enced access-site thrombosis.11 Patients with 
femoral vein complications did not require 
prolonged hospitalization. Finally, four pa-
tients experienced migratory events after 
retrieval attempts. Filter struts were found to 
have migrated in three of these patients to 
the right heart ventricle, pulmonary artery, 
or retroperitoneum;17,25,26 attempts to re-
trieve these struts were unsuccessful or not 
attempted. In another case, a patient experi-
enced a subsegmental PE that was attributed 
to filter manipulation, although a filter part 
was not explicitly identified as the cause.30

Risk of bias

Based on the modified NOS, all included 
studies were of fair or good quality. All stud-
ies received a star for reporting on consec-
utive patient cohorts. None of the studies 
statistically controlled for the patient or filter 
factors and therefore did not receive stars for 
comparability. The risk-of-bias assessments 
are summarized in Table 4.

Discussion
As yearly retrieval rates of IVC filters re-

main low and standard retrieval techniques 
continue to have limitations, further evalua-
tion of complex IVC filter retrievals is warrant-

Table 1a. Summary of included studies

Study Type Year Patient # Mean age (years) Filter dwell time (days)

Al-Hakim et al.24 Retrospective 2015 11 47.5 194.5

Avery et al.25 Retrospective 2015 13 51 421.5

Brahmandam et al.17 Retrospective 2019 34 51.2 161.4

Cho et al.34 Retrospective 2015 16 60.6 315.7

Doody et al.30 Retrospective 2009 33 36.9 168.9

Dowell et al.10 Retrospective 2016 20 54.5 104.5

Du et al.36 Retrospective 2017 15 44.1 46.6

Kuo et al.8 Retrospective 2012 10 46.7 684.9

Kuo et al.26 Retrospective 2009 13 40 511.6

Kuo et al.28 Prospective 2017 251 46 979

Kuo et al.41 Prospective 2013 50 42 815

Lian et al.42 Retrospective 2019 27 57.9 327

Lynch27 Retrospective 2009 10 35.4 258.7

Moriarty et al.23 Retrospective 2020 23 47.7 228

Posham et al.11 Retrospective 2017 25 55.1 134

Stavropoulos et al.12 Retrospective 2015 114 43 465

Su et al.32 Retrospective 2019 21 41.5 42.8

Tamrazi et al.29 Retrospective 2016 12 54.9 1862.8

Tavri et al.16 Retrospective 2019 60 49.3 565

#Refers to the number of patients included in the study.
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ed.4-6 This is particularly true when patients 
present for the retrieval of filters that have 
tilted substantially or have been implanted 
for long periods of time. In our analysis, the 
average filter dwell time was 602.5 days, and 
filters were tilted or embedded explicitly in 
a majority of patients, requiring advanced 
retrieval techniques. We found that 92.6% 
(713/770) of advanced retrievals were suc-
cessful. In comparison, standard retrievals in 
studies with average dwell times under one  
year were approximately 85% successful, al-
though this number varied greatly between 
studies.6,31 Studies reported a higher overall 
success rate when including standard and 

advanced retrievals in their retrieval proto-
cols. For example, Su et al.32 reported an in-
crease in retrieval rate from 92.1% to 98.4% 
after the inclusion of advanced retrieval 
methods. 

Our literature review found three com-
monly used advanced techniques for com-
plex filter retrieval, categorized as forceps, 
modified loop-snare, and laser sheath. In 
the forceps category, forceps are used to 
dissect embedded filter tips. Although a 
jugular approach is most commonly used, a 
femoral approach with filter eversion is also 
possible.11 The forceps method has also been 

used to remove localized filter fragments.15 
For instance, a Celect filter leg was found em-
bedded in a vertebral body adjacent to the 
IVC, producing a complaint of back pain. The 
filter leg was removed from the bone using 
considerable force applied with forceps. The 
loop-snare methods in our analysis required 
adjunct techniques, including a snare-over-
guide wire loop (SOGL) method, a hangman 
method, and a double-loop method.24,29,33 
Kuo et al.33 describe a SOGL method in which 
a wire loop is created through the interstices 
of the filter body, and an internal jugular vein 
approach is used. A femoral vein approach 
can also be employed.34 In another variation, 

Table 1b. Summary of included studies

Study Filter type (#) Initial retrieval indication 
(#)

Retrieval method (#) Success rate 
(%)

Major 
complication 
rate (%)

Al-Hakim et al.24 Option (6), Celect (3), Günther Tulip (2) Not specified (11) Loop-snare (11), Forceps (1) 9/12 (75) 0/11

Avery et al.25 Celect (7), G2X (6) Not specified (13) Forceps (13), Loop-snare (4) 11/17 (64.7) 1/13 (7.7)

Brahmandam et al.17 Not specified (34) Asymptomatic (33), 
symptomatic (1) Combination (34) 25/34 (73.5) 3/34 (8.8)

Cho et al.34 Celect (12), OptEase (3), Günther Tulip (1) Asymptomatic (14), 
symptomatic (2) Loop-snare (16) 14/16 (87.5) 0/16

Doody et al.30 Celect (20), Günther Tulip (13) Not specified (33) Loop-snare (33) 23/33 (69.7) 1/33 (3)

Dowell et al.10 Celect (9), Option (7), Denali (2), ALN (1), 
Günther Tulip (1) Not specified (20) Loop-snare (10), Forceps (6), 

Not specified (4) 13/20 (65) 0/20

Du et al.36 OptEase (11), Aegisy (4) Asymptomatic (15), 
symptomatic (0) Loop-snare (15) 15/15 (100) 0/15

Kuo et al.8 Günther Tulip (5), G2 (1), OptEase (1), 
Celect (1), Simon Nitinol (1), VenaTech (1) Not specified (10) Forceps (3), Loop-snare (3), 

Laser (3), Other (1) 10/10 (100) 0/10

Kuo et al.26 Günther Tulip (8), OptEase (2), Recovery 
(2), G2 (1)

Asymptomatic (7), 
symptomatic (6)

Loop-snare (8), Other (8), 
Forceps (2) 13/18 (72.2) 5/13 (38.5)

Kuo et al.28

Günther Tulip (101), Option (40), OptEase 
(37), Celect (27), TrapEase (13), Titanium 
Greenfield (11), Stainless Steel Greenfield 
(10), Simon Nitinol (6), Denali (4), 
Meridian (2)

Asymptomatic (194), 
symptomatic (57)

Laser (236), Combination 
(15)

249/251 
(99.2) 4/251 (1.6)

Kuo et al.41
G2X (23), G2 (9), Celect (7), Recovery (4), 
Eclipse (3), OptEase (2), ALN (1), Simon 
Nitinol (1)

Asymptomatic (28), 
symptomatic (22)

Forceps (40), Laser (5), 
Loop-snare (5) 50/50 (100) 0/50

Lian et al.42 Günther Tulip (12), Celect (9), Aegisy (4), 
OptEase (2) Not specified (27) Forceps (27) 27/27 (100) 0/27

Lynch27 G2 (7), Recovery (3) Asymptomatic (5), 
symptomatic (5) Other (10) 8/10 (80) 1/10 (10)

Moriarty et al.23 Celect (20), ALN (2), Not specified (1) Not specified (23) Loop-snare (24) 23/24 (95.8) 0/23

Posham et al.11 Option (25) Not specified (25) Forceps (25) 25/25 (100) 2/25 (8)

Stavropoulos et al.12
G2 (33), Celect (31), Günther Tulip (13), 
Eclipse (11), Recovery (10), G2X (8), 
Option (6), ALN (1), OptEase (1)

Asymptomatic (114), 
symptomatic (0) Forceps (114) 109/114 

(95.6) 1/114 (0.9)

Su et al.32 Günther Tulip (21) Not specified (21) Loop-snare (21) 20/21 (95.2) 0/21

Tamrazi et al.29 TrapEase (10), Simon Nitinol (2) Asymptomatic (9), 
symptomatic (3)

Laser (8), Loop-snare (3), 
Combination (1) 11/12 (91.7) 1/12 (8.3)

Tavri et al.16
Option (33), Günther Tulip (9), Celect (8), 
G2 (4), Eclipse (3), OptEase (2), Simon 
Nitinol (1)

Not specified (60) Forceps (61) 58/61 (95.1) 2/60 (3.3)

#Indicates the number of patients with the stated filter type, retrieval indication, or retrieval method.
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Table 2. Retrieval outcomes and characteristics

Women n (%) 428/758 (56.5)

Men n (%) 330/758 (43.5)

Mean age (mean ± SD) 46.5 ± 7.1 years

Mean dwell time (mean ± SD) 602.5 ± 388.6 days

Successful retrieval n (%) 713/770 (92.6)

Complications n (%) 21/758 (2.8)

Complex retrieval indications

Refractory to standard retrieval n (%) 676/758 (89.2)

Tilted/embedded filters n (%) 408/758 (53.8)

Filter types

Retrievable n (%) 702/758 (92.6)

Permanent n (%) 56/758 (7.4)

Retrieval methods

Forceps n (%) 292/770 (37.9)

Laser n (%) 252/770 (32.7)

Loop-snare n (%) 153/770 (19.9)

Combination/other/not specified n (%) 73/770 (9.5)

SD, standard deviation.

Table 3. Statistical analysis by filter type and retrieval technique

Retrievable filters Permanent filters P value

Successful retrieval n (%) 602/654 (92.0) 53/55 (96.4) 0.422

Complication n (%) 16/643 (2.5) 3/55 (5.5) 0.183

Forceps Laser Loop-snare P value

Successful retrieval n (%) 273/286 (95.5) 249/252 (98.8) 123/143 (86.0) <0.001

Table 4. Modified Newcastle–Ottawa scale for assessing the quality of non-randomized studies

Study Selection Comparability Outcome Total score/quality

Al-Hakim et al.24 **** - *** 7/good

Avery et al.25 *** - *** 6/fair

Brahmandam et al.17 **** - *** 7/good

Cho et al.34 *** - *** 6/fair

Doody et al.30 *** - *** 6/fair

Dowell et al.10 **** - *** 7/good

Du et al.36 *** - *** 6/fair

Kuo et al.8 *** - *** 6/fair

Kuo et al.26 *** - *** 6/fair

Kuo et al.28 *** - *** 6/fair

Kuo et al.41 *** - *** 6/fair

Lian et al.42 *** - *** 6/fair

Lynch27 *** - *** 6/fair

Moriarty et al.23 *** - *** 6/fair

Posham et al.11 *** - *** 6/fair

Stavropoulos et al.12 *** - *** 6/fair

Su et al.32 *** - *** 6/fair

Tamrazi et al.29 *** - *** 6/fair

Tavri et al.16 *** - *** 6/fair

***Indicates the number of points assigned as per the rating metric in the Modified NOS.
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the hangman technique creates a wire loop 
around the neck of the IVC filter instead of 
through the interstices of the filter body.23,24 
This technique is helpful when the apex of 
the filter is embedded in the IVC wall. Su et 
al.32 describe a technique in which the wire 
loop is created through the filter struts sim-
ilar to the SOGL method or around the neck 
of the filter similar to the hangman method. 
Tamrazi et al.29 describe a method in which 
two wire loops are formed around the supe-
rior and inferior aspects of a TrapEase filter. 
As a result, internal jugular vein and common 
femoral vein approaches are both used.29 
Blunt dissection with a vascular sheath is 
then used on both sides of the filter to cap-
ture it. In the laser method, photothermal 
ablation is used to remove the tissue respon-
sible for the embedding of the filter.35 Specif-
ically, this technique can be used to excise 
adherent struts in cases where the filter tip 
is not embedded or is unembedded using 
another technique.28,29 Additionally, combi-
nations of advanced retrieval methods were 
used substantially in 16 cases, particularly 
forceps used with laser sheaths to capture 
intraluminal fragments.28,29 

Not all filter retrievals required forceps, 
laser, or loop-snare methods. Alternative 
advanced retrievals were attempted in 19 
patients. A dual access bi-snare method was 
attempted in two cases in which snares ap-
proaching from the right internal jugular and 
common femoral veins provided opposite 
tractions on embedded filters.8,26 Although 
Du et al.36 also describe a similar bi-snare 
technique, the SOGL technique was also 
used. As a result, these cases were catego-
rized as using a modified loop-snare method. 
Balloon angioplasty was used to free embed-
ded filters in 10 cases,27 and filters were then 
extracted using a standard recovery cone. 
Finally, seven cases required aggressive 
traction using a standard retrieval snare.26 
This method was categorized as advanced 
because of the level of traction. The retrieval 
methods were unspecified in four patients 
and were an unspecified combination of 
methods in 34 patients.10,17 Ultimately, based 
on our review, several different advanced 
techniques and combinations thereof may 
be employed for filter retrieval with promis-
ing success rates.

The major complication rate was 2.8% 
(21/758) in this systematic review. All com-
plications were dealt with during hospital-
ization, and no mortalities were reported. 
However, other studies have noted that com-
plications arise considerably more frequently 
when using advanced techniques than for 

standard retrievals, and a few patients in this 
review experienced significant short-term 
sequelae such as hemorrhage. Ahmed et al.31 
reported a major complication rate of 2.1% 
for advanced retrievals compared with 0% 
for standard retrievals, and Brahmandam et 
al.17 reported an overall complication rate 
in advanced retrievals four times that of 
standard retrievals. However, the complica-
tions noted in our analysis were not always 
attributed directly to the retrieval methods. 
Filter tilts and IVC wall embedding inherent-
ly pose a risk of complications or retrieval 
failure regardless of retrieval method. For 
example, the pseudo-aneurysm reported in 
our review was located at the site of filter leg 
penetrations into the IVC wall rather than the 
site of the forceps dissection of embedding 
tissue.12

As with all systematic reviews, our review 
has limitations. The data in this review is lim-
ited by the study authors’ reporting, making 
definitions of successful retrieval and compli-
cations difficult to standardize. Individual pa-
tient-level data were also not available in the 
included studies. As a result, we could not 
compare the retrieval attempt outcomes of 
different subgroups, such as asymptomatic 
versus symptomatic retrieval indications. The 
majority of studies were also retrospective, 
increasing the possibility of positive report-
ing bias. Although we excluded small sample 
case reports through our exclusion criteria, 
the studies varied greatly in sample size, with 
smaller studies potentially not representing 
a full breadth of cases. Finally, the NOS used 
to assess the risk of bias in this review has 
limitations because it has not been externally 
validated, and studies have reported vague-
ness in its decision rules as well as poor-to-
fair inter-rater reliability between reviewers 
using NOS.37,38 Detailed guidance on how 
to objectively apply and interpret the scale 
would have benefited our bias assessment. 

Importantly, the majority of the filter re-
trievals in this review came from institutions 
that had refined their techniques over a num-
ber of years. The success and complication 
rates are likely subject to the protocol modi-
fications that study authors have implement-
ed in response to early retrieval challenges 
and increasing technique familiarity. The two 
largest groups in this review reported out-
come improvements after initial retrieval fail-
ures and complications. Kuo et al.26 reported 
implementing an anticoagulation protocol 
and modifying their retrieval technique to 
minimize caval wall collapse after four cas-
es of postprocedural caval thrombosis, and 
Stavropoulos et al.12 noted that three of four 

retrieval failures occurred in the first 15 at-
tempted cases of a 114-patient study. As a 
result, studies from these groups reported 
high success and low complication rates de-
spite most likely encountering difficult cases 
given their large sample sizes. These results 
appear unique to high-volume centers spe-
cializing in advanced filter retrieval, a senti-
ment supported by a 2018 survey of vascular 
specialists that found that the majority of 
responders were not comfortable using for-
ceps or laser sheath methods.39 Our review 
reveals that complex retrievals often involve 
tilted or embedded filters, and when compli-
cations do occur, they can be significant and 
require urgent therapy. To improve retrieval 
rates and prioritize patient safety, these ad-
vanced techniques should be performed 
in a center with experienced operators and 
where detailed informed consent is obtained 
from the patient. Further research on these 
retrievals should include reporting on proto-
col modifications and should document the 
positive changes in quantifiable outcomes 
that result from iterative protocol refine-
ment. Finally, as demonstrated by Minocha 
et al.40, implementing a dedicated retrieval 
clinic may increase retrieval attempts.

Although our review did not identify any 
significant difference in complication rates 
between permanent and retrievable filters, it 
is important to note that only 56 permanent 
filters were reported in the 19 studies in this 
review, suggesting that a further evaluation 
of complex retrieval techniques on perma-
nent filters is needed before conclusions can 
be drawn. Similarly, 17 filter brands are rep-
resented in this review with three comprising 
the majority of the filters (Günther Tulip, Ce-
lect, and Option). Further studies on other fil-
ter brands would be helpful in drawing more 
substantiated conclusions about the retriev-
al of those filters. Additionally, long-term ad-
vanced retrieval-specific follow-up data were 
not uniformly reported in studies, limiting 
conclusions to short-term postprocedural 
complications and warranting further study 
into long-term complications. 

Conclusion
In conclusion, our systematic review sug-

gests that advanced techniques for IVC filter 
retrieval may be safe for the retrieval of re-
trievable filters and certain permanent filters 
with a low short-term major complication 
rate. These techniques may be successful for 
IVC filter retrieval when standard techniques 
fail, particularly when performed by experi-
enced operators who have honed their pro-
tocols over a lengthy period of time. Future 
prospective studies would be beneficial for 
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evaluating individual retrieval techniques 
and their relation to filter types.
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PURPOSE
 To conduct a meta-analysis comparing the efficacy and safety of two types of iodine-125 (I-125) 
seed delivery with metal stents (the study group) versus conventional metal stents (the control 
group) in patients with malignant biliary obstruction (MBO). 

METHODS
Our team systematically searched the PubMed, Embase, and Cochrane Library databases for rel-
evant studies published from January 2012 up to July 2021. Survival time and stent dysfunction 
were the primary measured outcomes. Subgroup analyses were conducted according to the type 
of I-125 seed delivery.

RESULTS
Eleven studies, including 1057 patients in total, were pooled for stent dysfunction. The study group 
showed a lower risk of stent dysfunction than the control group [odds ratio (OR): 0.61, 95% confi-
dence interval (CI) 0.46–0.81, P = 0.001]. The pooled results of six studies reporting overall survival 
(OS) showed that the study group had a better survival outcome than the control group [hazard ra-
tio (HR): 0.34, 95% CI: 0.28–0.42, P < 0.001]. In the subgroup analyses, the I-125 seed stent group had 
significantly less stent dysfunction than the control group (OR: 0.49, 95% CI: 0.31–0.76, P = 0.002). 
Meanwhile, the metal stents + I-125 radioactive seed strand group showed significantly more im-
provement in OS than the control group (HR: 0.33, 95% CI: 0.26–0.42, P < 0.001). Moreover, our anal-
ysis suggests that using I-125 seeds did not result in increasing related adverse events compared 
with using metal stents alone (all P > 0.05). The study group was significantly superior to the control 
group, with better survival and decreased stent dysfunction. Meanwhile, the delivery of I-125 seeds 
did not increase adverse events.

CONCLUSION
 The delivery of I-125 with metal stents may be considered a preferable technique for MBO.
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Malignant biliary obstruction, iodine-125 seed, biliary stent, meta-analysis
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Malignant biliary obstruction (MBO) is the stenosis or obstruction of the hepatic duct 
and bile duct system.1 Frequently, clinicians need to treat this condition when man-
aging malignant tumors,2-7 such as cholangiocarcinoma, gallbladder cancer, pancre-

atic carcinoma, and metastatic lymph nodes.8

Because there are no early clinical indications of these malignant tumors, symptoms only 
gradually appear until invasion occurs in the hepatic–biliary system. Consequently, MBO is de-
tected at an advanced stage, which leads to obstructive jaundice and low quality of life.2,4,5,7,9 
As 80% of patients diagnosed are no longer surgical candidates,1,2 MBO can become a com-
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mon refractory complication of these malig-
nant cancers. Only approximately 10%–20% 
of patients are medically ready for surgical 
resection of the obstructive lump.9-11 Sadly, 
the three- and five-year survival rates after 
surgical excision remain unsatisfactory at 
18%–52% and 5%–31%, respectively.12

Metal stent insertion is widely accepted as 
the preferred palliative treatment to relieve 
symptoms caused by MBO for inoperable pa-
tients.3-7,9,13-17 Metal stents have no therapeutic 
action on tumors, and post-stent procedures 
have high rates of stent dysfunction, which 
limits the long-term efficacy of palliative 
treatment.3 Conventional metal stent inser-
tions are not sufficient for MBO patients, and 
the current methods of delivering iodine-125  
(I-125) seeds have shown a promising fu-
ture, including radioactive I-125 seed-loaded 
stent [consisting of a self-expandable metal 
stent (SEMS) and several I-125 seeds] and 
metal stents insertion + I-125 radioactive 
seed strand (IRSS) (IRSS is a thin catheter  
containing several I-125 seeds). Previously, 
two meta-analyses compared  I-125 seed 
delivery + stents with stents alone.18,19 How-
ever, the trials did not distinguish between 
the two different delivery types, namely ra-
dioactive stent and IRSS, making their results 
insufficient. Recently, several randomized 
controlled trials (RCTs) and retrospective 
studies on the use of metal stents + IRSS or 
I-125 seed stents were conducted. As such, 
we conducted a meta-analysis to compare 
the efficacy and safety of these two methods 
of I-125 seed delivery, namely metal stents 
+ IRSS and radioactive I-125 seed stents. We 
then compared this with conventional met-
al stents in patients with MBO and reported 
the outcomes in terms of stent dysfunction, 
survival, clinical success, and complications.

Methods 
Our meta-analysis was guided by the 

publication “Preferred Reporting Items for 

Systematic reviews and Meta-Analysis” (PRIS-
MA).20

Inclusion and exclusion criteria

A study had to satisfy particular condi-
tions. The inclusion criteria were as follows: 
(a) patients who had a confirmed diagnosis 
of MBO; (b) patients who refused surgical re-
section or inoperable cases; (c) studies that 
compared metal stents + IRSS or I-125 seed 
stents (the study group) versus convention-
al metal stents alone (the control group) in 
patients with MBO; and (d) studies published 
in English.

Exclusion criteria were: (a) case reports; 
(b) narrative reviews; (c) non-English studies; 
(d) studies on plastic biliary stents; and (e) 
animal studies.

Literature search and study selection

The PubMed, Embase, and Cochrane Li-
brary databases were systemically searched 
to find correlating studies from January 
2012 to July 2021 using the following search 
string: (SEMS OR stent) AND (I125 OR 125I OR 
I-125 OR irradiation OR radioactive OR seed) 
AND (jaundice OR biliary). We also reviewed 
the references of identified articles. All stud-
ies chosen were in the English language.

Types of studies

We initially included only RCTs, but this 
produced a small sample size. As this could 
have reduced the statistical significance of 
the meta-analysis and led to bias, we decid-
ed to include matched retrospective cohort 
studies also.

Data extraction and quality assessment

Data were extracted from 18 full-text-iden-
tified articles by two independent investiga-
tors. Discrepancy problems were solved by 
a third investigator. A data extraction sheet 
was produced that included baseline study 
data (authors, publication year, period of en-
rollment, region of the conducted studies, tri-
al types, interventions); patient baseline data 
(mean age, sex, sample size, cancer types, 
type of MBO); and treatment-related data 
(clinical success, stent dysfunction, compli-
cations, survival). The potential bias of RCTs 
was gauged by applying the Cochrane risk-
of-bias tool, where possible bias relating to 
selection, detection, performance, reporting, 
attribution, and other issues was assessed. 
Disagreements were resolved by consensus.

Retrospective studies were scored by the 
Newcastle–Ottawa scale (http://www.ohri.

ca/programs/clinical_epidemiology/oxford.
asp), and selection methods and compara-
bility were assessed. Studies could be award-
ed a maximum score of 9 points, with lower 
scores assigned as follows: <4 = high bias 
risk; 4–6 = moderate bias risk; and ≥7 = low 
bias risk.

Publication biases were assessed by visual 
estimation of funnel plots, while quantitative 
assessment was carried out by performing 
Egger’s test.21 We considered a P value of 
less than 0.05 to represent the possibility of 
small-study effects.

Endpoints and definitions

The original primary study endpoints 
for the current analysis included stent dys-
function and overall survival (OS), while the 
secondary study endpoints included pro-
cedure-related complications and clinical 
success. The relief of jaundice was defined 
as a clinical success if bilirubin levels were a 
minimum of 30% lower in two weeks or 70% 
lower in four weeks. Stent dysfunction was 
defined as the relapsing of jaundice with ele-
vated bilirubin levels or signs related to MBO 
with evidence of bile duct dilation through 
imaging techniques. The time between stent 
insertion and death was defined as the pa-
tient survival period. Procedure-related 
complications mainly included cholangitis, 
cholecystitis, pancreatitis, and hemobilia. 
Cholangitis and cholecystitis were defined 
as having symptoms of abdominal pain and 
fever (temperature above 38°C) that required 
antibiotic administration within 24 hours af-
ter the procedure, with no indications of any 
other system being infected. Pancreatitis was 
diagnosed when serum amylase levels rose 
to more than three times the normal limit 
(60–180 U/L), with persistent abdominal pain 
after the procedure. Hemobilia was defined 
as the requirement for a blood transfusion or 
hemostatic surgery.

Statistical analysis

Dichotomous variables and event fre-
quencies were extracted from the identified 
studies. We calculated the odds ratios (ORs) 
with 95% confidence intervals (CIs). Hazard 
ratios (HRs) and 95% CIs were used to assess 
the OS. The heterogeneity was assessed via 
χ2 and I2 tests. The OR was pooled by using 
either a fixed-effect or random-effect mod-
el. If heterogeneity was not high (I2 <50%), 
data were pooled using a fixed-effect mod-
el. In contrast, if heterogeneity was present 
(I2 >50%), data were appropriately analyzed 
with a random-effect model. In addition, 
subgroup analysis was performed to as-

Main points

• Iodine-125 (I-125) played a significant role in 
inhibiting tumor growth through its unique 
radioactive function. 

• Metal stents + I-125 radioactive seed strand 
or I-125 seed-loaded stents demonstrated 
superior survival and decreased stent oc-
clusion compared with conventional metal 
stents in the treatment of inoperable malig-
nant biliary obstruction. 

• The two types of I-125 delivery with metal 
stents did not increase the risk of proce-
dure-related complications when compared 
with conventional metal stents.
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sess the potential causes of heterogeneity, 
depending on the type of I-125 delivery 
via metal stents (I-125 seed stents or metal 
stents + IRSS). The results of this subgroup 
analysis were reported. Sensitivity analysis 
was performed by omitting each study from 
the analysis individually and measuring the 
impact this had on the results. The potential 
for publication bias was tested by applying 
funnel plots. Egger’s test was also used to 
assess each publication’s bias for pooled val-
ues with 95% CIs (P < 0.05 was considered 
significant bias). The statistical analysis was 
conducted using RevMan Cochrane Collab-
oration software, Review Manager (RevMan) 
version 5.4, and STATA v15.1 (Stata Corp, Col-
lege Station, Texas, USA).

Results

Study selection and baseline characteris-
tics

We initially gathered 301 potentially rel-
evant articles based on the inclusion and 
exclusion criteria (Figure 1). Eighteen studies 
with full texts were selected to conduct the 
meta-analysis (Table 1). In these studies, sev-
en were RCTs,22-28 and the remaining 11 were 
retrospective studies.29-39 Three RCTs (with 
383 total participants) and two retrospective 
studies (with 114 total participants) com-
pared I-125 seed-loaded stents with conven-

tional metal stents.23,26,27,31,39 Four RCTs (with 
217 total participants) and nine retrospective 
studies (with 852 total participants) com-
pared metal stents + IRSS with metal stents 
alone.22,24,25,28-30,32-38 Details of the baseline fea-
tures included in these studies are shown in 
Table 1. Most of the baseline characteristics 
were comparable, with all studies being con-
ducted in China. The target population was 
patients with MBO for all studies. The causes 
of MBO included cholangiocarcinoma, gall-
bladder carcinoma, pancreatic carcinoma, 
hepatocellular carcinoma, and cancer me-
tastases, among others. The interventional 
modality in the study group was the delivery 
of I-125 seeds via metal stents, while the con-
trol group was implanted with conventional 
metal stents.

In addition, all metal stents in the con-
trol groups were SEMS. Stent implantation 
occurred via endoscopic retrograde cholan-
giopancreatography or percutaneous tran-
shepatic cholangiography. Five studies used 
I-125 seed stents, and the remaining 13 used 
metal stents + IRSS. Two types of I-125 seed 
delivery were analyzed as subgroups.

Stent dysfunction

In the analysis of stent dysfunction, 11 
studies22,23,25,26,29,30,33,34,37-39 reported data on 
dysfunction rates, including five RCTs and six 

retrospective studies. The heterogeneity was 
low among these 11 studies (I2 = 41.7%; Ph = 
0.071). The pooled OR was significant (OR: 
0.61, 95% CI: 0.46–0.81, P = 0.001), which was 
demonstrated by using a fixed-effect model 
(Figure 2a). These results suggest that the 
study group had a significantly reduced inci-
dence of stent dysfunction.

Overall survival

Six retrospective studies reported the HR 
of OS.32,34,35,37-39 These studies included 276 
total patients in the study group and 290 
total patients in the control group. The study 
group (patients who underwent surgery to 
implant metal stents + IRSS or I-125 seed 
stents) was compared with the control group 
(patients who underwent implantation of 
conventional metal stents). We pooled the 
HRs and revealed a significant extension 
of OS in the study group (HR: 0.34, 95% CI: 
0.28–0.42, P < 0.001) (I2 = 0.0%; Ph = 0.771) 
(Figure 2b).

Clinical success

Eight studies25,26,30,34-36,38,39 reported data 
on clinical success (Table 1). There was no sig-
nificant difference in success rates between 
the study group and the control group (OR: 
1.27, 95% CI: 0.71–2.27, P = 0.424) (I2 = 0.0%; 
Ph = 0.469) (Figure 3).

Figure 1. The process of article identification, inclusion, and exclusion according to the preferred reporting items for systematic reviews, meta-analyses guidelines 
and above criteria.
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Complications

All adverse events from studies, including 
cholangitis, pancreatitis, hemophilia, and 
cholecystitis, were reported. However, the 
differences between the study and the con-
trol group were not statistically significant. 
Heterogeneity among the studies was not 
significant when compared with the control 
group (all I2 = 0.0%, all Ph > 0.05), including 
for cholangitis (OR: 1.00, 95% CI: 0.66–1.53, 
P = 0.992) (Figure 4a), cholecystitis (OR: 1.82, 
95% CI: 0.55–6.0, P = 0.326) (Figure 4b), pan-
creatitis (OR: 1.79, 95% CI: 0.48–6.70, P = 
0.390) (Figure 4c), and hemobilia (OR: 1.11, 
95% CI: 0.47–2.65, P = 0.813) (Figure 4d).

Subgroup analysis

Subgroup analyses were conducted to 
analyze the dysfunction rates for the two 
different methods of I-125 seed deploy-
ment. The I-125 seed stents significantly 
decreased stent occlusion rates compared 
with metal stents alone (I2 = 0; Ph = 0.560) 
(OR: 0.49, 95% CI: 0.31–0.76, P = 0.002) (Fig-
ure 5a). However, only three studies23,26,39 

reported this data. The heterogeneity was 
high for the metal stents + IRSS groups ver-
sus the metal stents group (I2 = 51.2%; Ph = 
0.045). Using a random-effect model to pool 
ORs, the analysis demonstrated no obvious  
reduction in stent dysfunction between the 
two groups (OR: 0.78, 95% CI: 0.45–1.36,  
P = 0.378) (Figure 5b). In the subgroup anal-
ysis of survival, five studies were includ-
ed.32,34,35,37,38 Survival was obviously improved 
in patients who received the metal stents  
+ IRSS compared with patients who received 
conventional metal stents (HR: 0.33, 95%  
CI: 0.26–0.42, P < 0.001) (I2 = 0.0%; Ph = 0.680) 
(Figure 5c).

Sensitivity analysis

In our sensitivity analysis, 11 studies re-
ported that stent dysfunction ranged from 
a low of 0.58 (95% CI: 0.44–0.78, I2 = 30.2%; 
Ph = 0.177), after omitting the 2018 report 
by Zhou et al.30, to a high of 0.73 (95% CI: 
0.54–0.99; I2 = 0.0%; Ph = 0.464), after omit-
ting the 2020 report by Li et al.33, and results 
were generally similar. Six studies reported 
specific HRs for OS, from a low of 0.38 (95% 
CI: 0.26–0.42, I2 = 47.2%; Ph = 0.048), after 
omitting the 2020 report by Chen et al.34, to 
a high of 0.38 (95% CI: 0.29–0.42; I2 = 0.0%; 
Ph = 0.996), after omitting the 2019 report by 
Pang et al.32 Again, results were similar with-
out great fluctuation. Our sensitivity anal-
ysis indicates that there were no significant 
variations in the combined effect sizes after 

Figure 2. (a) Group analysis results of stent dysfunction rate; (b) group analysis of overall survival.

Figure 3. Group analysis results of clinical success rate.
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excluding any one of the studies, which con-
firms the stability of the overall results.

Study quality assessment

In total, 18 studies were conducted in 
China. Although these authors described the 
use of proper randomization methods, some 
studies did not provide details of patient al-
location; as such, the validity of seven RCTs 
was assessed in detail (Figure 6). The scores 
of 11 retrospective studies were 6–8 (Table 
1).

Publication bias

No publication bias was found in this me-
ta-analysis. A funnel plot analysis showed no 
asymmetry. Additionally, Egger’s test was 
used to assess the stent dysfunction results 
(P = 0.227 for OS; P = 0.167 for stent dys-
function) (Supplementary Figures 1, 2). The 
included studies indicated no evident pub-
lication bias.

Discussion

Principle findings

The main palliative treatment for MBO is 
stent insertion, with relief of stenosis being 

its main purpose. However, stent dysfunction 
remains a severe challenge for clinical practi-
tioners and directly leads to patient mortali-
ty. Therefore, we conducted this meta-anal-
ysis to provide evidence of the advantages 
of metal stents + IRSS or I-125 seed stents. I-
125 seed deployment resulted in lower stent 
dysfunction rates than conventional metal 
stent implantation. Moreover, the OS of pa-
tients who suffered MBO and received the 
I-125 seed stents had obvious improvement. 
Aligning with our results, Xiang et al.19 also 
found that I-125 seeds did not increase pro-
cedure-related complications, which demon-
strates that the treatment is generally safe.

Tumors can easily grow into the lumen via 
the stent mesh. This can lead to the recurrent 
occlusion of the stent and to symptoms such 
as jaundice.18,40 In addition, the formation of 
granulation tissue and epithelial hyperpla-
sia may also contribute to stent failure.11,41 
Radioactive stents may help to avoid this 
stent dysfunction. First, I-125 seeds serve as 
the sustained radiation source. I-125 plays 
an important role in damaging the DNA of 
malignant cells, which triggers apoptosis.42 
Second, the I-125 insertion may trigger the 
activation of CD3+ and CD4+ cells and cause 
an anticancer immune response.43 Conven-

tional metal stents lack this unique radioac-
tive function, which limits their longer-term 
benefits. These characteristics may explain 
why metal stents + IRSS and I-125 seed stents 
demonstrate a lower rate of restenosis and 
longer OS than conventional metal stents.

Comparison with other studies

A previous meta-analysis by Huang et al.44 
compared IRSS+ stents with stents alone in 
MBO treatment. However, the inclusion of 
only three RCTs did not provide sufficient 
evidence. In addition, Huang et al.44 did not 
include patients who used I-125 seed stents. 
In our meta-analysis, we included I-125 seed 
stents and conducted subgroup analyses on 
survival and stent dysfunction for the two 
different deployments of I-125 seeds.

Another similar meta-analysis conduct-
ed by Xiang et al.19 compared two different 
methods of deploying I-125 seeds and found 
no significant difference in survival between 
the brachytherapy group and the control 
group. The brachytherapy group had de-
creased stent occlusion rates regardless of 
the method of I-125 deployment. This evi-
dence is consistent with our results.

Figure 4. (a) Group analysis result of cholangitis; (b) group analysis result of cholecystitis; (c) group analysis result of pancreatitis; (d) group analysis result of 
hemobilia.
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Two studies associated with high-dose-
rate 192 iridium (Ir) intraluminal brachythera-
py for MBO patients demonstrated a survival 
time of 9.2–9.4 months.45,46 In our included 
studies, the median survival period was lon-
ger than that of the control group (Table 1). 
Nevertheless, there are several shortcomings 
of HDR-192 Ir. First, it cannot provide the 
sustained radiation associated with I-125 

seeds.24 Second, it increases biliary infection 
through the procedure.25 Third, for a few pa-
tients who suffer from MBO, the tissue of the 
biliary tract is relatively thin, which makes it 
difficult to complete the procedure.25 Envi-
ronmental requirements are also demand-
ing, necessitating an isolated, well-shielded 
room.47

Frequently, I-125 seeds are deployed via 
either IRSS or the use of I-125 seed stents. To 
fully cover the stent surface, the manufactur-
ing process of I-125 seed stents is rigorous. 
The existing meta-analysis tends to empha-
size the IRSS approach. However, theoretical-
ly, the latter method may be more suitable 
for luminal diseases such as MBO. Hopefully, 
more studies will be designed to compare 
the efficacy rates of these different deploy-
ment methods in MBO patients.

Strengths and limitations

In our meta-analysis, we included seven 
RCTs and 11 retrospective studies. Compared 
with previous meta-analyses,19,44 we provid-
ed relatively useful evidence. In addition, we 
conducted subgroup analysis between two 
different types of I-125 delivery with metal 
stents, which may provide more individual-
ized treatment options for patients experi-
encing MBO. Moreover, our publication bias 
and sensitivity analyses indicate the reliabili-
ty and stability of the results.

However, some RCTs lacked blinding pro-
cedures, which could possibly result in selec-
tion bias, with only Zhu et al.26 employing a 
multi-center randomized research approach. 
Eleven studies were not RCTs in design; as 
such, these studies may be prone to bias, 

Figure 5. (a) Subgroup analysis results of the dysfunction rate (I-125 seed stents group versus control group); 
(b) subgroup analysis results of the dysfunction rate (metal stents + IRSS group versus control group); (c) 
subgroup analysis results of overall survival (metal stents + IRSS group versus control group). Figure 6. Quality assessment of randomized 

controlled trials.
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which could affect the reliability of the data. 
All studies  but four32,33,37,38 included partici-
pants with MBO who suffered from different 
malignant tumors. In addition, the obstruc-
tion sites were not well distinguished. Sub-
group analysis based on the anatomic levels 
and cancer types could not be conducted. 
Future studies are necessary to evaluate re-
lated study endpoints in single-type cancers. 
Additionally, different sites of obstruction of 
MBO should be further explored for treat-
ment.

In theory, radioactive stenting is more ef-
fective, as it loads the I-125 seeds around the 
implanted stent. Unsatisfactorily, five studies 
mention only one type of radioactive stent 
made from a SEMS with radioactive I-125 
seeds.23,26,27,31,39 Moreover, studies on different 
radioactive stents (I-125 seed stents or other 
sources of radioactive material) are very rare, 
and more studies are urgently required.

Moreover, all included studies were con-
ducted in China because the I-125 seed 
strand was developed by Chinese research-
ers.26 A series of studies could be performed 
in the future when the application of I-125 
seed stents becomes more accepted in other 
countries.

Implications

MBO is caused by various cancers, and 
only approximately 10%–20% of patients 
who suffer from MBO are eligible for surgical 
resection.9-11,14,48 Even after successful sur-
gery, the three- and five-year survival rates 
remain at 18%–52% and 5%–31%, respec-
tively.12,49,50 Metal stent insertion is widely 
used in MBO patients to relieve stenosis. 
I-125 seeds have a radioactive half-life of ap-
proximately 59.6 days and can persistently 
suppress tumorous cells.27 Moreover, I-125 
seeds can reliably inhibit the growth of 
neoplasm into the mesh of the stent, which 
greatly avoids stent dysfunction. This me-
ta-analysis proves this method’s advantages. 
Using  I-125 seed strand or radioactive stents 
can provide a better prognosis than con-
ventional metal stents without increasing 
complications, which provides clinical prac-
titioners with an optimal choice for handling 
this difficult medical condition. When the 
symptoms were relieved, the quality of life of 
patients greatly improved. Indeed, according 
to our results, the study group had a longer 
survival rate than the conventional metal 
stent group. Large RCTs are required to verify 
these results.

In conclusion, the study group (using 
metal stents + IRSS or I-125 seed stents) was 

significantly superior to the conventional 
metal stent group, with a superior survival 
rate and decreased stent occlusion. In addi-
tion, the two types of I-125 seed delivery did 
not increase the risk of procedure-related 
complications when compared with conven-
tional metal stents. More strictly designed, 
multiple-center RCTs are required to confirm 
these findings.
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Supplementary Figure 1. (a, b) Funnel plot and Egger’s test on stent dysfunction.

CI, confidence interval.

Supplementary Figure 2. (a, b) Funnel plot and Egger’s test on overall survival.

CI, confidence interval.
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PURPOSE
Previous studies have shown that an inversed albumin-to-globulin ratio (IAGR) is a predictor of the 
prognosis of many cancers. However, the prognostic value of an IAGR for patients with hepatocellu-
lar carcinoma (HCC) who undergo transarterial chemoembolization (TACE) is still unclear. This study 
aims to evaluate the predictive value of an IAGR for the prognosis of those patients.

METHODS
This study retrospectively analyzed 396 patients with HCC who received TACE. Using a cut-off value 
of 1.0 for the albumin-to-globulin ratio, patients were divided into a normal albumin-to-globulin 
ratio (NAGR) (≥1) and an IAGR (<1) group. Univariate and multivariate analyses and time-depen-
dent receiver operating characteristic analyses were performed to identify risk factors of overall 
survival (OS) and cancer-specific survival (CSS). Survival nomograms were constructed based on 
the multivariable analysis results and further evaluated using the consistency index (C-index) and 
calibration curve.

RESULTS
A total of 396 patients were included in the final analysis and were divided into the NAGR group 
(n = 298, 75.3%) and the IAGR (n = 98, 24.7%) group. The median OS and CSS were significantly 
worse in the IAGR group than in the NAGR group (OS: 8 vs. 26 months, CSS: 10 vs. 41 months, both 
P < 0.001). Multivariate analyses demonstrated that an IAGR was an independent risk factor for 
predicting worse OS [hazard ratio (HR), 2.024; 95% confidence interval (CI): 1.460–2.806] and CSS 
(HR: 2.439; 95% CI: 1.651–3.601). The nomogram-based model-related C-indexes for OS and CSS 
prediction were 0.715 (95% CI: 0.697–0.733) and 0.750 (95% CI: 0.729–0.771), and the calibration of 
the nomogram showed good consistency.

CONCLUSION
The IAGR along with underlying liver disease severity were the useful prognostic predictors of OS 
and CSS among patients with HCC undergoing TACE and might be useful to identify high-risk pa-
tients.

KEYWORDS
Hepatocellular carcinoma, transarterial chemoembolization, albumin-to-globulin ratio, overall sur-
vival, cancer-specific survival
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bolization (TACE) is considered a first-line treatment for HCC patients with Barcelona Clinic 
Liver Cancer (BCLC) stage B1,3 and has survival benefits comparable with other palliative treat-
ments.4,5 For HCC patients with BCLC stage C, TACE is also used as one of the critical treatment 
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options and may provide survival benefits.6-9 
Successful initial treatment is critical for HCC 
patients; therefore, a simple and effective 
prognostic scoring system is needed for HCC 
patients undergoing TACE.

In numerous clinical studies on HCC that 
focused on patient prognosis, liver function 
was found to affect overall survival (OS).10 
Commonly used clinical liver function as-
sessments include assessment of the levels 
of serum albumin, globulin, bilirubin, trans-
aminases, and coagulation testing.11 A low 
serum albumin level can indicate poor nutri-
tional status or poor albumin synthesis in the 
liver; a high globulin level indicates excessive 
immune activation, which is common in pa-
tients with HCC.12 The albumin-to-globulin 
ratio (AGR) is calculated as serum albumin/
(total protein−albumin) and is often greater 
than 1.0 in healthy people. Severe inflam-
matory liver disease or cirrhosis frequently 
results in an inversed albumin-to-globu-
lin ratio (IAGR) (<1.0).13 The IAGR has been 
demonstrated to correlate with the progno-
sis of HCC patients.14-16 Since the cohorts of 
previous studies14-16 only included patients 
with early-stage HCC, no published study has 
focused on the prognostic value of the AGR 
in patients with intermediate and advanced 
HCC scheduled to undergo therapeutic TACE. 

The present study aims to develop a no-
mogram model based on the AGR to predict 
the prognosis in patients undergoing TACE 
treatment for BCLC stage B/C HCC.

Methods

Patient enrollment

Patients who had HCC and underwent the 
first session of conventional TACE treatment 
between January 2016 and October 2020 
at Xingtai People’s Hospital were identified, 
and their clinical data were retrospectively 
analyzed. The inclusion criteria were as fol-

lows: [1] 18–75 years old, [2] a diagnosis of 
HCC confirmed by pathological examination 
or clinical feature criteria according to the 
European Association for the Study of the 
Liver guidelines,2 [3] conventional TACE used 
for the first-line treatment of liver cancer, and 
[4] presence of BCLC stage B/C. The exclusion 
criteria included the following: [1] the pres-
ence of another cancer; [2] the presence of 
serious concomitant diseases, such as acute 
myocardial infarction, pulmonary embo-
lism, or cerebral hemorrhage; or [3] missing 
data on important prognostic variables. This 
study was approved by the ethical commit-
tee of our institution [no. 2020(089)]. Written 
informed consent was obtained from each 
patient. Complete follow-up information was 
obtained through telephone interviews.

Data collection

Clinical characteristics, including the de-
mographic data and pathological results, 
were obtained from the medical record sys-
tem. Laboratory features were measured 
within two days before TACE and included 
levels of albumin, globulin (total protein-al-
bumin), total bilirubin, alanine aminotrans-
ferase (ALT), aspartate transaminase (AST), 
hemoglobin, platelets, international nor-
malized ratio (INR), serum creatinine, and 
alpha-fetoprotein (AFP), as well as hepatitis 
B surface antigen (HBsAg) status. Data on 
tumor-related variables were obtained us-
ing computed tomography (CT) or magnetic 
resonance imaging (MRI) and included max-
imum tumor size, tumor numbers, vascular 
invasion, and distant metastasis. Vascular 
invasion was defined as the tumor involving 
the hepatic artery, portal vein, hepatic vein, 
or inferior vena cava as assessed by preop-
erative CT or MRI images.17 The Child–Pugh 
grade18 and albumin–bilirubin (ALBI) grade10 
were determined based on liver function and 
tumor-related variables. The AGR was calcu-
lated as serum albumin/(total protein-al-
bumin). Patients with an AGR >1.0 and <1.0 
were allocated to the normal AGR (NAGR) 
and IAGR groups, respectively.

TACE procedure

Conventional TACE was performed by 
three doctors with 15, 12, and 10 years of 
tumor interventional treatment experience, 
respectively, as described previously.19,20 It 
was conducted by selective hepatic artery 
cannulation and superselection to the artery 
supplying the tumor, followed by an injec-
tion of a mixed emulsion of 5 mL of iodized 
oil (Lipiodol; Guerbet, Bloomington, IN, US) 
and 50 mg doxorubicin hydrochloride or cis-

platin (2 mg/kg body weight). Finally, a gela-
tin sponge strip (Upjohn, Kalamazoo, MI, US) 
was used to embolize the tumor-supplying 
artery.

Follow-up

Periodic follow-ups were done on each 
patient until death or until the study was 
completed on October 15, 2021. OS was 
computed from the time of TACE treatment 
to the date of death. Cancer-specific surviv-
al (CSS) was defined as patients who died 
of liver cancer. All patients underwent labo-
ratory testing and contrast-enhanced CT or 
MRI and were followed up with every three 
months for the first year. If the patient had 
an uneventful first year, the follow-up inter-
val was thereafter changed to once every six 
months. Two independent clinicians com-
pleted the follow-up and review to reduce 
potential biases.

Statistical analysis

The variables were calculated as the mean 
± standard deviation or median (interquar-
tile range) for continuous data. Categorical 
data were expressed as numbers and per-
centages. The unpaired Student’s t-test was 
used to compare continuous parametric 
variables, and the Mann–Whitney U test was 
used for continuous non-parametric vari-
ables. Pearson’s chi-squared test and Fisher’s 
exact test were used for categorical variables. 
To balance the baseline data, which consist-
ed of maximum tumor size, hemoglobin, 
platelets, INR, ALT, AST, bilirubin, creatinine, 
and AFP, the two groups were compared by 
propensity-score matching (PSM) analysis 
at a 1:1 ratio to remove selection bias with a 
1.0 caliper value. Kaplan–Meier curves were 
drafted to evaluate OS and CSS, and com-
parisons were performed using the log-rank 
test between the two groups. To identify the 
prognostic variables independently related 
to OS and CSS, a multivariable Cox regression 
analysis was performed using variables with 
a P value of <0.100 in the univariate analysis. 
Results of the regression analysis are shown 
as hazard ratios (HRs) and 95% confidence 
intervals (CIs). To compare the predictive 
ability among the clinical models (including 
the Child–Pugh and ALBI grades), the area 
under the time-dependent receiver operat-
ing characteristic (ROC) curves (AUC) (t = 1, 2, 
and 3 years) was calculated for OS and CSS.21 
Survival nomogram models were construct-
ed based on the results of the multivariable 
analysis. The bootstrap resampling method 
was used for internal validation of the pre-
dictive models by selecting 1,000 repetitions 

Main points

• An inversed albumin-to-globulin ratio 
(IAGR) before transarterial chemoemboli-
zation (TACE) treatment is an independent 
prognostic factor for worse overall survival 
and cancer-specific survival in hepatocellu-
lar carcinoma (HCC) patients. 

• An IAGR and underlying liver disease se-
verity can be used to identify high-risk HCC 
patients.

• The albumin-to-globulin-based nomo-
grams showed good performance in pre-
dicting the prognosis of HCC patients who 
had undergone TACE. 
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from the regression models for OS and CSS.22 
Statistical analyses were performed using R 
software version 4.0.5 (The R Foundation for 
Statistical Computing, Vienna, Austria; ww-
w.r-project.org), with the “MatchIt,” “survival,” 
“timeROC,” and “rms” packages. A P value of 
<0.05 was considered statistically significant.

Results

Patient characteristics

Using the predetermined inclusion and 
exclusion criteria, 396 patients (302 males, 94 
females) were enrolled (Figure 1). The mean 
patient age was 61.1 ± 9.1 years. Using a cut-
off value of 1.0 for the AGR (16), the patients 
were stratified into either the NAGR group 
(n = 298, 75.3%) or the IAGR group (n = 98, 
24.7%) (mean AGR: 1.34 vs. 0.84, respective-
ly). Patients in the IAGR group had a higher 
percentage of diabetes (18.4% vs. 9.4%), 
larger tumor size (mean: 6.9 vs. 6.0 cm), 
worse Child–Pugh grading (grade B: 43.9% 
vs. 13.1%), and worse ALBI grading (grades 2 
and 3: 84.7% vs. 50.0%) than the NAGR group 
(Table 1). Several laboratory parameters, in-
cluding albumin, globulin, AST, hemoglobin, 
platelets, serum creatinine, and INR, were sig-
nificantly different between the two groups. 
No significant distribution differences were 
identified in the two groups for age, sex, HB-
sAg status, tumor number, or AFP level. Af-

ter PSM, there was no significant difference 
except albumin and globulin in the baseline 
data between the two groups (Table 1).

The prognostic outcomes of the IAGR and 
NAGR groups are compared in Table 2. The 
median and maximum follow-up periods were 
13 and 62 months, respectively. During the 
observation period, 227 patients died, and 
159 of them died of liver cancer. The death rate 
and the percentage of deaths due to liver can-
cer were significantly higher in the IAGR group 
than in the NAGR group (73.4% vs. 52.0% and 
62.2% vs. 32.9%, respectively; both P < 0.001). 
The median OS and CSS were significantly 
worse in the IAGR group than in the NAGR 
group (8 vs. 26 months, and 10 vs. 41 months, 
respectively; both P < 0.001). The three-year 
OS and CSS rates were 41.2% and 21.9%, re-
spectively, in the IAGR group, which were sig-
nificantly worse than those of the NAGR group 
(65.0% and 29.5%, respectively, both P < 
0.001). After PSM, the prognosis of patients in 
the IAGR group was significantly worse com-
pared with the NAGR group, and the results 
were similar to those before PSM (Table 2). The 
comparison of the OS and CSS curves of the 
two groups are shown in Figure 2. As Figure 
3 shows, although there was a difference in 
Child–Pugh grading between the NAGR and 
IAGR groups, the comparison of the OS curves 
of the Child–Pugh A and B showed no statisti-
cally significant difference (P = 0.182).

Univariate and multivariate analysis for OS 
and CSS

The results of the univariate and multivar-
iate Cox regression analyses used to deter-
mine independent variables with OS and CSS 
after TACE treatment for HCC are shown in 
Tables 3 and 4. Multivariate analyses indicat-
ed that prognostic factors for worse OS and 
CSS [HR (95% CI)] were an IAGR [OS: 2.024 
(1.460–2.806), CSS: 2.439 (1.651–3.601)], 
vascular invasion [OS: 2.089 (1.481–2.947), 
CSS: 1.869 (1.234–2.832)], distant metastasis 
[OS: 2.087 (1.427–3.053), CSS: 2.062 (1.311–
3.243)], and maximum tumor size [OS: 1.683 
(1.180–2.401), CSS: 1.768 (1.131–2.764)]. The 
AST level was also an independent risk factor 
for OS [1.488 (1.062–2.084)]. Nomograms for 
predicting OS and CSS were built based on 
the multivariate Cox regression model (Fig-
ure 4). The consistency indexes (C-indexes) 
for OS and CSS prediction were up to 0.715 
(95% CI: 0.697–0.733) and 0.750 (95% CI: 
0.729–0.771), respectively. The calibration of 
the nomogram for the probability of OS and 
CSS at one, two, and three years are shown in 
Figure 5. The results of the time-dependent 
ROC analysis comparing the values of various 
clinical scores in predicting OS and CSS are 
shown in Table 5. The AUC values of the AGR 
at one, two, and three years for OS were 66.4, 
65.4, and 60.9, respectively; and 71.2, 70.4, 
and 62.9, respectively, for CSS. These values 
were better than the Child–Pugh grade at 
each timepoint (P < 0.050 for all) but similar 
to the ALBI grade (P > 0.050 for all).

Discussion
This study demonstrates that an IAGR 

could serve as an independent prognostic 
factor predicting unfavorable prognosis for 
OS and CSS in HCC patients who received 
TACE therapy. In addition, the AGR had a sim-
ilar predictive value as the ALBI grade but a 
better predictive value than the Child–Pugh 
grade. 

Several studies have reported that inflam-
mation and malnutrition are closely related 
to the occurrence and development of can-
cer.23,24 HCC often occurs at lesions caused by 
cirrhosis,25 which induces local inflammatory 
responses and the release of inflammatory 
cytokines, thereby promoting an inflamma-
tory microenvironment around the tumor.26,27 
The inflammatory microenvironment has 
the potential to induce deoxyribonucleic 
acid (DNA) damage and genomic instability, 
increase mutation rates, and enhance the 
proliferation of mutated cells.28,29 Converse-
ly, DNA damage could lead to inflammation 

Figure 1. Flow chart of the study population. BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular 
carcinoma; IAGR, inversed albumin-to-globulin ratio; NAGR, normal albumin-to-globulin ratio; TACE, 
transarterial chemoembolization.
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Table 1. Comparisons of characteristics between the IAGR and NAGR groups before and after PSM

Characteristics Before PSM After PSM

Total (n = 396) IAGR (n = 98) NAGR  (n = 298) P value Total (n = 154) IAGR (n = 77) NAGR (n = 77) P value

Age, years† 61.1 ± 9.1 61.4 ± 9.2 61.0 ± 9.0 0.704 60.6 ± 9.2 61.4 ± 8.9 59.8 ± 9.5 0.290 

Male sex 302 (76.3) 77 (78.6) 225 (75.5) 0.630 119 (77.3) 64 (83.1) 55 (71.4) 0.123 

BMI† 23.6 
(21.4-25.9)

22.9 
(21.0-25.9)

23.7 
(21.5-25.9) 0.132 23.4 

(21.1-25.9)
22.9 

(20.9-25.6)
23.8 

(21.4-26) 0.274 

HBsAg (+) 282 (71.2) 73 (74.5) 209 (70.1) 0.485 106 (68.8) 58 (75.3) 48 (62.3) 0.117 

Vascular invasion 56 (14.1) 20 (20.4) 36 (12.1) 0.059 27 (17.5) 17 (22.1) 10 (13) 0.203 

Distant metastasis 56 (14.1) 17 (17.4) 39 (13.1) 0.377 30 (19.5) 13 (16.9) 17 (22.1) 0.542 

Multiple tumors, ≥2 210/186 
(53.0/47.0)

49/49 
(50.0/50.0)

161/137 
(54.0/46.0) 0.340 73/81 

(48.1/52.9)
38/39 

(49.4/51.6)
35/42 

(45.5/54.5) 0.657 

Maximum tumor size, 
cm†

6.0 
(3.7-7.5)

6.0 
(5.0-8.0)

5.9 
(3.6-7.2) 0.003* 6.0 

(5.0-7.5)
6.0 

(3.9-7.5)
6.0 

(5.0-7.5) 0.952 

Hemoglobin, g/L† 128 
(116-140)

119 
(105-131)

131 
(119-143) <0.001* 120 

(105-134)
120 

(108-133)
119 

(97-135) 0.932 

Platelets, 109/L† 126 (87-179) 147 (94-222) 121 (83-167) 0.003* 141 (92-222) 133 (92-211) 155 (96-226) 0.569 

INR† 1.11 
(1.04-1.19)

1.15 
(1.08-1.26)

1.09 
(1.03-1.17) <0.001* 1.13 

(1.05-1.21)
1.14 

(1.06-1.23)
1.11 

(1.05-1.19) 0.126 

ALT, U/L† 29.0 
(19.9-43.7)

32.2 
(22.2-46.8)

28.6 
(18.5-41.8) 0.083 30.2 

(21.5-47.8)
33.0 

(23.0-49.5)
27.0 

(19.9-44.5) 0.152 

AST, U/L† 35.0 
(25.0-54.1)

43.6 
(29.0-74.1)

32.7 
(24.5-48.6) <0.001* 39.0 

(27.1-67.0)
43.0 

(29.0-77.1)
33.0 

(25.0-56.0) 0.054 

Albumin, g/L† 37.9 ± 6.4 31.8 ± 4.8 39.9 ± 5.6 <0.001* 35.4 ± 6.9 31.5 ± 4.8 39.3 ± 6.4 <0.001*

Globulin, g/L† 31.2 
(27.5-35.8)

38.6 
(35.5-41.9)

29.9 
(26.5-32.6) <0.001* 34.32 ± 6.59 38.29 ± 5.51 30.35 ± 5.02 <0.001*

Bilirubin, μmol/L† 19.2 
(14.0-25.7)

22.3 
(15.5-29.8)

18.7 
(13.9-25.1) 0.049* 19.7 

(14.1-26.7)
22.6 

(14.0-29.8)
18.8 

(14.7-24.8) 0.376 

Creatinine, μmol/L† 62.1 
(54.0-73.1)

59.1 
(50.8-70.9)

63.5 
(55.3-73.6) 0.027* 61.2 

(51.4-76.8)
59.4 

(50.8-71.5)
64.9 

(55.0-79.0) 0.067 

AFP, IU/mL† 4.92 
(2.42-28.37)

4.92 
(1.77-41.09)

4.92 
(2.52-25.36) 0.960 4.9 (2.1-23.7) 4.9 

(1.8-31.5)
4.1 

(2.2-14.9) 0.447 

Child–Pugh grade, 
A/B

314/82 
(79.3/20.7)

55/43 
(56.1/43.9)

259/39 
(86.9/13.1) <0.001* 104/50 

(67.5/32.5)
42/35

(54.6/45.4)
62/15 

(80.5/19.5) <0.001*

ALBI grade† -2.41 
(-2.77-1.98)

-1.85 
(-2.18-1.53)

-2.59 
(-2.88-2.26) <0.001* -2.1 ± 0.6 -1.8 ± 0.4 -2.5 ± 0.6 <0.001*

Albumin-to-globulin 
ratio†

1.25
 (1.01-1.48)

0.84 
(0.77-0.91)

1.34 
(1.19-1.52) <0.001* 1.0 

(0.9-1.3)
0.8 

(0.8-0.9)
1.3 

(1.1-1.5) <0.001*

†values are mean ± standard deviation or median (interquartile range); *P values <0.050. AFP, alpha-fetoprotein; ALBI, albumin–bilirubin; ALT, alanine aminotransferase; AST, 
aspartate transaminase; HBsAg, hepatitis B surface antigen; IAGR, inversed albumin-to-globulin ratio; INR, international normalized ratio;
MELD, Model for End-Stage Liver Disease; NAGR, normal albumin-to-globulin ratio; PSM, propensity score matching.

Table 2. Comparisons of long-term oncologic outcomes between the IAGR and NAGR groups before and after PSM

Before PSM After PSM

n (%) Total (n = 396) IAGR (n = 98) NAGR (n = 298) P value Total (n = 154) IAGR (n = 77) NAGR (n = 77) P value

Survival time, months† 13.0 (6.0-30.0) 6 (3.0-17.5) 16 (8.0-33.8) <0.001* 11.0 (5.0-27.0) 8.0 (3.0-18.0) 12.0 (6.0-30.0) 0.007*

Death during the follow-up 227 (57.3) 72 (73.5) 155 (52.0) <0.001* 103 (66.9) 55 (71.4) 48 (62.3) 0.304 

Death due to liver cancer 
during the follow-up 159 (40.2) 61 (62.2) 98 (32.9) <0.001* 70 (45.5) 44 (57.1) 26 (33.8) 0.006* 

OS, months‡ 19.0 (14.0-23.9) 8.0 (4.9-11.1) 26.0 (19.2-32.8) <0.001* 12.0 (9.0-15.0) 10.0 (5.5-14.5) 17 (5.8-28.4) 0.040* 

   1-year OS rate, % 59.8 38.7 66.7 48.2 39.9 56.2

   2-year OS rate, % 45.8 27.8 51.2 36.8 29.4 43.9

   3-year OS rate, % 36.5 21.9 41.2 28.9 22.6 35.4

CSS, months‡ 37.0 (34.3-39.7) 10.0 (4.5-15.5) 41.0 (36.9-43.2) <0.001* 35.0 (19.1-51.0) 12.0 (6.4-17.6) 38.0 (32.8-43.2) 0.002* 

   1-year DFS rate, % 70.3 43.9 78.8 62.2 46.5 78.1

   2-year DFS rate, % 61 37.5 68.7 54.3 40.1 68.8

   3-year DFS rate, % 50.3 29.5 57.1 45.1 32.8 58.1

†values are mean ± standard deviation; ‡values are median and 95% confidence interval; *P values<0.050. OS, overall survival; CSS, cancer-specific survival; PSM, promensity score 
matching; IAGR, inversed albumin-to-globulin ratio; NAGR, normal albumin-to-globulin ratio.
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and subsequently promote tumorigenesis, 
similar to that in the diethylnitrosamine HCC 
model.29,30 In addition to the development of 
cancer cachexia, chronic systemic inflamma-
tion contributes to progressive nutritional 
decline.15,24 Malnutrition in patients with can-
cer cannot be reversed by simple nutritional 
supply alone, and it could eventually lead to 
a poor prognosis.24

Serum albumin, which is produced by the 
liver, is commonly used as a marker of liver 
function and nutritional status. Serum albu-
min has been reported to suppress HCC pro-
liferation by decreasing the phosphorylation 
of the Rb protein and increasing the expres-
sion of p21 and p57 following an increase in 
the G0/G1-phase cell population.31 Multiple 
studies have reported that hypoalbumin-
emia reflects liver dysfunction and malnu-

trition, which eventually impair immunity,12 
and that it affects the long-term OS and tu-
mor recurrence.31,32 Serum albumin assess-
ment is one of the common components in 
the clinical models, such as the Child–Pugh 
grade and the ALBI grade, which are widely 
used to stratify HCC patients into prognosti-
cally distinct groups.33

Globulins consist of several pro-inflamma-
tory proteins,14 including C-reactive protein, 
α2-macroglobulin, fibrinogen, prothrombin, 
and serum amyloid A.34 Since immunoglobu-
lins in humans are mainly metabolized by the 
liver, the ability to clear immunoglobulins in 
patients with severe hepatic dysfunction 
may be reduced, resulting in hyperglobulin-
emia.35,36 Tumor-related inflammation stim-
ulates the production of various cytokines, 
such as interleukin (IL)-1, IL-6, and tumor ne-
crosis factor,37 which can act on the liver and 
induce the synthesis of positive acute-phase 
reactants.34 This might explain the increased 
serum globulin levels observed in this study. 
Moreover, several studies have reported that 
pro-inflammatory factors are associated with 
the prognosis of HCC patients.38,39

The AGR reflects the relative levels of al-
bumin and globulin, which indicate hepatic 
nutritional and inflammatory states as well 
as the degree of hepatic functional impair-
ment.15 These may contribute to the ob-
served correlation with HCC prognosis.14-16 In 
addition, Suh et al.40 demonstrated that a low 
AGR was a risk indicator for both short- and 
long-term cancer development in the gener-
al population.

The study results show that patients with 
intermediate- and advanced-stage HCC who 
have a low AGR are predicted to have poor 
prognosis after TACE. Therefore, if there is a 
high risk of adverse effects from TACE ther-
apy, or limited potential benefits, clinicians 
should be cautious when selecting the ther-
apeutic method. In the present study, vas-
cular invasion and distant metastasis were 
identified as the independent risk factors for 
worse OS and CSS; AST was an independent 
risk for only OS. Each of these risk factors has 
been reported previously.16,41 Based on the 
results of multivariate analysis, an AGR-based 
nomogram model for predicting OS and CSS 
was constructed, which can be used to pre-
dict the prognosis of HCC patients receiving 
TACE and to screen high-risk prognostic sub-
groups. This AGR-based nomogram model 
performs well in predicting the prognosis OS 
and CSS, and the C-indexes and calibration 
curves support survival prediction.

Figure 3. Overall survival curves comparisons between the Child–Pugh score A and B.

TACE, transarterial chemoembolization.

Figure 2. (a-d) Overall survival (OS) and cancer-specific survival (CSS) curves compar isons between the IAGR 
and NAGR groups before and after propensity score matching (PSM): (a), OS before PSM; (b), CSS before 
PSM; (c), OS after PSM; (d), CSS after PSM. IAGR, inversed albumin-to-globulin ratio; NAGR, normal albumin-
to-globulin ratio; TACE, transarterial chemoembolization.

a b

dc
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Table 3. Univariable and multivariable Cox regression analyses in predicting overall survival

Characteristics UV HR (95% CI) UV P value MV HR (95% CI)2 MV P value*

Age, >60 years 0.832 (0.640-1.082) 0.170 

Male sex 0.909 (0.676-1.223) 0.529 

Hypertension 1.273 (0.939-1.725) 0.120 

HBsAg (+) 0.906 (0.686-1.197) 0.488 

Vascular invasion 2.846 (2.064-3.924) <0.001 2.089 (1.481-2.947) <0.001

Distant metastasis 2.477 (1.786-3.435) <0.001 2.087 (1.427-3.053) <0.001

Maximum tumor size, >5 cm 2.655 (1.945-3.625) <0.001 1.683 (1.180-2.401) 0.004 

Multiple tumors 1.804 (1.386-2.348) <0.001 NS 0.387 

Child–Pugh grade B 1.237 (0.897-1.706) 0.194 

IAGR 2.151 (1.625-2.847) <0.001 2.024 (1.460-2.806) <0.001

ALBI grade 2 + 3 1.503 (1.144-1.974) 0.003 NS 0.689 

ALT, >40 U/L 1.345 (1.019-1.775) 0.036 NS 0.731 

AST, >40 U/L 2.099 (1.616-2.727) <0.001 1.488 (1.062-2.084) 0.021 

Bilirubin, >17.1 μmol/L 0.967 (0.739-1.263) 0.803 

Creatinine, >80 μmol/L 1.109 (0.782-1.571) 0.562 

Hemoglobin, <110 g/L 1.512 (1.111-2.057) 0.008 NS 0.403 

Platelet, <100 109/L 0.717 (0.540-0.953) 0.022 NS 0.538 

INR, >1.17 1.213 (0.911-1.615) 0.187 

AFP, >200 IU/mL 1.754 (1.236-2.488) 0.002 NS 0.246 

Those variables found significant at *P < 0.100 in univariable analyses were entered into multivariable Cox regression analyses. AFP, alpha-fetoprotein; ALBI, albumin–bilirubin; 
ALT, alanine aminotransferase; AST, aspartate transaminase; CI, confidence interval; HBsAg, hepatitis B surface antigen; HR, hazard ratio; IAGR, inversed albumin-to-globulin ratio; 
INR, international normalized ratio; MV, multivariable; NS, not significant; UV, univariable.

Table 4. Univariable and multivariable Cox regression analyses in predicting cancer-specific survival

Characteristics UV HR (95% CI) UV P value MV HR (95% CI)2 MV P value*

Age, >60 years 0.935 (0.682-1.283) 0.679

Male sex 0.876 (0.615-1.247) 0.462

Hypertension 0.879 (0.588-1.315) 0.531

HBsAg (+) 1.127 (0.796-1.594) 0.501

Vascular invasion 2.687 (1.820-3.966) <0.001 1.869 (1.234-2.832) 0.003

Distant metastasis 2.468 (1.675-3.638) <0.001 2.062 (1.311-3.243) 0.002

Maximum tumor size, >5 cm 2.977 (2.024-4.378) <0.001 1.768 (1.131-2.764) 0.012

Multiple tumors 1.963 (1.429-2.696) <0.001 NS 0.168

Child–Pugh grade B 1.412 (0.977-2.041) 0.066 NS 0.164

IAGR 2.769 (2.010-3.815) <0.001 2.439 (1.651-3.601) <0.001

ALBI grade 2 + 3 1.910 (1.357-2.687) <0.001 NS 0.496

ALT, >40 U/L 1.357 (0.976-1.887) 0.069 NS 0.764

AST, >40 U/L 2.128 (1.556-2.910) <0.001 NS 0.116

Bilirubin, >17.1 μmol/L 1.185 (0.853-1.645) 0.312

Creatinine, >80 μmol/L 1.188 (0.789-1.787) 0.409

Hemoglobin, <110 g/L 1.539 (1.068-2.216) 0.021 NS 0.759

Platelet, <100 109/L 0.572 (0.400-0.819) 0.002 NS 0.087

INR, >1.17 1.328 (0.948-1.859) 0.099 NS 0.161

AFP, >200 IU/mL 2.014 (1.351-3.002) 0.001 NS 0.074

Those variables found significant at *P < 0.100 in univariable analyses were entered into multivariable Cox regression analyses. AFP, alpha-fetoprotein; ALBI, albumin–bilirubin; ALT, 
alanine aminotransferase; AST, aspartate transaminase; CI, confidence interval; HBsAg, hepatitis B surface antigen; HR, hazard ratio; IAGR, inversed albumin-to-globulin ratio; INR, 
international normalized ratio; MV, multivariable; NS, not significant; UV, univariable.
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Figure 4. (a-b) Nomogram for predicting 1-, 2-, and 3-year overall survival (OS) and cancer-specific survival (CSS): (a), nomogram for OS; (b), nomogram for CSS. AGR, 
albumin-to-globulin ratio; AST, aspartate transaminase; CSS, cancer-specific survival; OS, overall survival.

Figure 5. (a-f) Calibration curves for 1-, 2-, and 3-year overall survival (OS) and cancer-specific survival (CSS): (a), 1-year OS; (b), 2-year OS; (c), 3-yer OS; (d), 1-year 
CSS; (e), 2-year CSS; (f), 3-year CSS.

a b

a b c

d e f

Table 5. Comparisons of time-dependent ROC analysis for the prediction of overall survival and disease-specific survival

Time-dependent AUC (95% CI) 1-year 2-year 3-year

Overall survival

    AGR 66.4 (60.3-72.6) 65.4 (59.3-71.5) 60.9 (53.7-68.2)

    Child–Pugh grade 57.0 (51.2-62.8)* 57.2 (51.6-62.9)* 57.6 (50.9-64.3)*

    ALBI grade 64.4 (58.3-70.6) 64.1 (58.0-70.3) 63.5 (56.3-70.6)

Disease-specific survival

    AGR 71.2 (65.0-77.4) 70.4 (63.8-77.0) 62.9 (55.0-70.9)

    Child–Pugh grade 54.0 (49.0-59.0)* 55.9 (50.9-60.9)* 53.9 (48.4-59.4)*

    ALBI grade 67.5 (61.1-73.9) 69.1 (62.5-75.7) 65.9 (58.1-73.8)

*P values <0.050 for statistical difference in the AUC values compared with AGR. AGR, albumin-to-globulin ratio; ALBI, albumin–bilirubin; AUC, area under the receiver operating 
characteristic curve; CI, confidence interval; ROC, receiver operating characteristic. 
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The present study has several limitations. 
First, it has the limitations inherent in a ret-
rospective study. Some patients may have 
received other anti-tumor treatments during 
the follow-up period. Second, all patients 
were recruited from one hospital in China, 
and most of them had chronic hepatitis B vi-
rus infection; therefore, these results may not 
apply to other populations. Third, the cut-off 
AGR value used was 1.0, which is common-
ly used in clinical practice, but the cut-off 
threshold might need further optimization. 
In addition, further prospective studies are 
necessary to examine how the AGR could in-
fluence treatment options for HCC patients.

In conclusion, this study demonstrat-
ed that an IAGR before TACE treatment for 
HCC is an independent prognostic factor for 
worse OS and CSS. The AGR-based nomo-
grams showed good performance in predict-
ing patient prognoses and could be used to 
identify HCC patients with BCLC stage B/C 
who are at high risk when undergoing TACE 
treatment.
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PURPOSE
The fragility index (FI) measures the robustness of randomized controlled trials (RCTs). It comple- 
ments the P value by taking into account the number of outcome events. In this study, the authors 
measured the FI for major interventional radiology RCTs. 

METHODS
Interventional radiology RCTs published between January 2010 and December 2022 relating to 
trans-jugular intrahepatic portosystemic shunt, trans-arterial chemoembolization, needle biopsy, 
angiography, angioplasty, thrombolysis, and nephrostomy tube insertion were analyzed to mea-
sure the FI and robustness of the studies. 

RESULTS
A total of 34 RCTs were included. The median FI of those studies was 4.5 (range 1–68). Seven trials 
(20.6%) had a number of patients lost to follow-up that was higher than their FI, and 15 (44.1%) had 
a FI of 1–3. 

CONCLUSION
The median FI, and hence the reproducibility of interventional radiology RCTs, is low compared to 
other medical fields, with some having a FI of 1, which should be interrupted cautiously.
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Fragility index, interventional, radiology, RCT, reproducibility
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Randomized controlled trials (RCTs) serve as the gold standard and represent the high-
est level of evidence for determining optimal and effective treatment strategies in evi-
dence-based medicine.1 Therefore, numerous RCTs related to the interventional radiolo-

gy field have been performed within the last decade. These trials usually assess the efficacy of 
an intervention against medical management or another intervention, with a dichotomized 
primary endpoint and a P value used to compare the outcomes.2 However, little attention has 
been paid to the critical importance of the number of outcome events in each study arm.3-5

The fragility index (FI) measures the robustness (or fragility) of the results from a clinical trial 
with dichotomous outcomes.6 It is defined as the minimum number of patients in one group 
(usually the study group) whose event status would be required to change from an event to a 
non-event to change a statistically significant result to a non-significant result. It is considered 
an important tool in interpreting the results from clinical trials and may provide value in ad-
dition to the commonly reported P value, risk reductions, and confidence interval. It also aids 
in determining when statistical significance in the trial may be lost because of a shift of a few 
additional events from the experimental group to the control one.1 The larger the FI, the more 
robust and reproducible the trial is.6 While a low FI indicates that the study hinges on only a 
few events for statistical significance, Adeeb et al.2 proposed a classification system for clinical 
trials based on the FI, number of patients lost to follow-up, and fragility quotient (FQ). The lat-
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ter two factors are equally fundamental mea-
sures for the robustness of the studies, giv-
en that the patients lost to follow-up could 
potentially change the study’s outcome had 
they remained in the trial, particularly when 
the FI is low. The FQ is calculated by dividing 
the FI by the sample size to provide an ad-
justed FI value. The proposed classification 
stratifies trials into three groups: statistically 
robust (class I), intermediate (class II), and 
fragile (class III).2

In this study, the authors aim to evaluate 
the FI for key Interventional Radiology RCTs 
over the last decade and externally validate 
Adeeb’s classification. 

Methods
A systematic search for published inter-

ventional radiology RCTs between January 
2010 and December 2022 was performed 
by two researchers using PubMed. Six main 
areas were selected: trans-jugular intrahe-
patic portosystemic shunt (TIPS), trans-arte-
rial chemoembolization (TACE), angioplasty, 
needle biopsy, nephrostomy, and thrombol-
ysis. The following terms were used to iden-
tify the studies: “trans jugular intrahepatic 
portosystemic shunt”, “trans arterial chemo-
embolization”, “angioplasty”, “needle biopsy”, 
“nephrostomy”, “thrombolysis”, “randomized 
controlled trial”, “interventional radiology”, 
and “clinical trial”. 

Studies that showed no statistically dif-
ferent outcomes between study groups, 
studies where outcomes were not dichot-
omized, or studies that compared more 
than two groups were excluded (Figure 1). 
The data extracted included the publication 
year, methodology, primary endpoint, num-
ber of cases and events in each group, num-
ber of patients lost to follow-up, and the P 
value.

Given that the study did not involve hu-
man or animal subjects, institutional review 
board approval and patient consent were 
not required.

Fragility index

An online calculator, http://clincalc.com/
Stats/FragilityIndex.aspx, was used to calcu-
late the FI for the included trials.

Statistical analysis

The analysis was carried out using SPSS 
26.0 (IBM Corp., Armonk, NY). Given the 
non-parametric data distribution, the Spear-
man test was used for correlation analysis 
between the FI, FQ, and trial characteristics. 
Numerical variables were presented as me-
dian (range), and a comparison was made 
between groups using the Mann–Whitney U 
and Kruskal–Wallis non-parametric tests. Sta-
tistical significance was defined as P < 0.050. 

Results
A total of 34 clinical trials met the inclu-

sion criteria and were included in this study 
(Supplementary Table 1).7-40 The median FI 
was 4.5 (range 1–68). The median number of 
patients lost to follow-up was 0 (range 0–43). 
The number of patients lost to follow-up was 
higher than the FI in seven (20.6%) studies, 
and 15 (44.1%) trials had a FI of 1–3. The me-
dian FQ was 0.029 (range 0.01–0.34).

There was a negative correlation between 
the P value and FI (r = -0.78, P < 0.001), while 
there was a positive correlation between the 
FI and the sample size (r = 0.46, P = 0.007). 

Studies related to angiography had the 
highest median FI (median 13, range 1–25) 
followed by TIPS (median 6, range 3–68), 
while TACE (median 4.5, range 2–14) and 
angioplasty (median 3, range 1–11) had the 
lowest FI. However, the difference was not 
statistically significant (P = 0.793). 

Given that Adeeb’s classification was based 
on the correlation between the number of pa-
tients lost to treatment minus the FI on one 
side and the FQ on another side, the authors 
externally studied that correlation to validate 
the classification system. Class I was associ-
ated with a significantly higher FQ (median 
0.082), followed by class II (median 0.022), and 
then class III (median 0.015) (P = 0.009). 

In this study, 12 (35.3%) RCTs were class I, 
17 (50%) were class II, and five (14.7%) were 
class III, with no significant difference be-
tween the clinal study type (P = 0.773). 

Discussion
In this study, the median FI for main inter-

ventional radiology RCTs was 4.5. In seven 
(20.6%) studies, the number of patients lost 
to follow-up was higher than the FI, and 15 
(44.1%) had a FI of 1–3. Approximately one-
third of the trials fell under class I in the clas-
sification system proposed by Adeeb et al.2, 
which the authors externally validated in this 
study, while 14.7% were considered statisti-
cally fragile (class III). 

The FI has been reported for a number 
of medical and surgical RCTs, including 
cerebrovascular surgery,2 critical care,4,41 
nephrology,42 hand surgery,5 and cardiovas-
cular trials.43 To the authors’ knowledge, this 
is the first study to evaluate the FI for inter-
ventional radiology trials. Given that most 
RCTs in this field have relatively small sample 
sizes with limited outcome events, the sole 
reporting of the P value limits the clinician’s 
ability to determine the statistical fragility of 
the result and its clinical usefulness. There-
fore, including FI analysis in these trials can 
help guide the interpretation and imple-
mentation of the results. Trials with a low 
FI indicate that their results are sensitive to 
even small changes in the data, suggesting 
that the findings may not be reliable. On the 

Main points

• The fragility index measures the robustness 
(or fragility) of the results from a clinical tri-
al that uses dichotomous outcomes, taking 
into account the number of events in each 
study arm. 

• Several studies analyzed fragility indices for 
randomized controlled trials (RCTs) pub-
lished in different medical fields, but this is 
the first study to perform that analysis for 
interventional radiology RCTs. 

• The median fragility index of those studies 
was 4.5, with nearly half having a fragility in-
dex of 1–3, which is considerably low com-
pared to other fields. Figure 1. Flowchart illustrating the inclusion of randomized controlled trials in this study. RCT, randomized 

controlled trials.
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contrary, the results will be robust and less 
sensitive to changes when the FI is higher. In 
previous studies, a positive correlation was 
found between the sample size and the FI, 
while there was a negative correlation with 
the P value.2-4 In the authors’ study, there was 
a negative correlation between the FI and 
P value but no significant correlation with 
sample size. The FQ provides more under-
standing of the stability of the trial’s results 
and the risk of false positives by standardiz-
ing the fragility of a trial to its sample size. A 
smaller FQ also indicates a less robust study 
outcome.41

Adeeb et al.2 proposed a classification sys-
tem that aimed to quantitatively assess the 
reproducibility of RCTs. RCTs are classified 
into three classes based on the relationship 
between the FI, sample size, and number of 
patients lost to follow-up. Class I studies (sta-
tistically robust) are likely to be reproducible 
and can reliably be incorporated into clinical 
guidelines. Class III studies (statistically frag-
ile) are more likely to be subject to counter-
turn by future studies and, therefore, should 
be interpreted cautiously. Class II studies 
should be interpreted on an individual basis.2 
This classification provides a framework for 
evaluating the robustness and generalizabil-
ity of trial results, highlighting the potential 
limitations of small or underpowered trials, 
and informing decisions about the use of 
these results in clinical practice and further 
research.

The median FI related to Interventional 
Radiology is low compared to other surgical 
fields, with some having a FI of 1, meaning 
that if only one patient did not reach the pri-
mary outcome in the study group, the results 
would not be statistically significant. There-
fore, one should exercise caution when inter-
preting the results of those RCTs, especially 
when the sample size and event numbers are 
small and there is a high number of patients 
who were lost to follow-up.

Conflict of interest disclosure

The authors declared no conflicts of inter-
est.

References
1. Tignanelli CJ, Napolitano LM. The fragility 

index in randomized clinical trials as a 
means of optimizing patient care. JAMA Surg. 
2019;154(1):74-79. [CrossRef]

2. Adeeb N, Terrell DL, Whipple SG, et al. 
The reproducibility of cerebrovascular 
randomized controlled trials. World Neurosurg. 
2020;140:e46-e52. [CrossRef]

3. Evaniew N, Files C, Smith C, et al. The 
fragility of statistically significant findings 
from randomized trials in spine surgery: a 
systematic survey. Spine J. 2015;15(10):2188-
2197. [CrossRef] 

4. Ridgeon EE, Young PJ, Bellomo R, Mucchetti 
M, Lembo R, Landoni G. The fragility index in 
multicenter randomized controlled critical 
care trials. Crit Care Med. 2016;44(7):1278-
1284. [CrossRef]

5. Ruzbarsky JJ, Khormaee S, Daluiski A. The 
fragility index in hand surgery randomized 
controlled trials. J Hand Surg Am. 
2019;44(8):698.e1-698.e7. [CrossRef]

6. Dettori JR, Norvell DC. How fragile are the 
results of a trial? The fragility index. Global 
Spine J. 2020;10(7):940-942. [CrossRef]

7. Orloff MJ, Vaida F, Haynes KS, Hye RJ, Isenberg 
JI, Jinich-Brook H. Randomized controlled 
trial of emergency transjugular intrahepatic 
portosystemic shunt versus emergency 
portacaval shunt treatment of acute 
bleeding esophageal varices in cirrhosis. J 
Gastrointest Surg. 2012;16(11):2094-2111. 
[CrossRef]

8. Orloff MJ, Hye RJ, Wheeler HO, et al. 
Randomized trials of endoscopic therapy and 
transjugular intrahepatic portosystemic shunt 
versus portacaval shunt for emergency and 
elective treatment of bleeding gastric varices 
in cirrhosis. Surgery. 2015;157(6):1028-1045. 
[CrossRef] 

9. Sauerbruch T, Mengel M, Dollinger M, et al. 
Prevention of rebleeding from esophageal 
varices in patients with cirrhosis receiving 
small-diameter stents versus hemodynamically 
controlled medical therapy. Gastroenterology. 
2015;149(3):660-668. [CrossRef]

10. Luo X, Wang Z, Tsauo J, Zhou B, Zhang H, Li X. 
Advanced cirrhosis combined with portal vein 
thrombosis: a randomized trial of TIPS versus 
endoscopic band ligation plus propranolol 
for the prevention of recurrent esophageal 
variceal bleeding. Radiology. 2015;276(1):286-
293. [CrossRef]

11. Wang L, Xiao Z, Yue Z, et al. Efficacy of covered 
and bare stent in TIPS for cirrhotic portal 
hypertension: a single-center randomized 
trial. Sci Rep. 2016;6:21011. [CrossRef]

12. Lv Y, Qi X, He C, et al. Covered TIPS versus 
endoscopic band ligation plus propranolol 
for the prevention of variceal rebleeding 
in cirrhotic patients with portal vein 
thrombosis: a randomised controlled trial. 
Gut. 2018;67(12):2156-2168. [CrossRef]

13. Holster IL, Tjwa ET, Moelker A, et al. Covered 
transjugular intrahepatic portosystemic shunt 
versus endoscopic therapy + β-blocker for 
prevention of variceal rebleeding. Hepatology. 
2016;63(2):581-589. [CrossRef]

14. Bureau C, Thabut D, Jezequel C, et al. The 
use of rifaximin in the prevention of overt 
hepatic encephalopathy after transjugular 
intrahepatic portosystemic shunt: a 

randomized controlled trial. Ann Intern Med. 
2021;174(5):633-640. [CrossRef]

15. Meng YL, Hu HT, Li HL, et al. The clinical 
therapeutic effects of arsenic trioxide 
combined with transcatheter arterial 
chemoembolization in treating primary liver 
cancer with pulmonary metastases. Zhonghua 
Nei Ke Za Zhi. 2012;51(12):971-974. [CrossRef]

16. Goode SD, Cleveland TJ, Gaines PA; STAG trial 
collaborators. Randomized clinical trial of 
stents versus angioplasty for the treatment 
of iliac artery occlusions (STAG trial). Br J Surg. 
2013;100(9):1148-1153. [CrossRef]

17. Metussin A, Patanwala I, Cross TJ. Partial 
hepatectomy vs. transcatheter arterial 
chemoembolization for resectable multiple 
hepatocellular carcinoma beyond Milan 
criteria: a RCT. J Hepatol. 2015;62:747-748. 
[CrossRef]

18. Lee TY, Lin CC, Chen CY, et al. Combination 
of transcatheter arterial chemoembolization 
and interrupted dosing sorafenib improves 
patient survival in early-intermediate stage 
hepatocellular carcinoma: a post hoc analysis 
of the START trial. Medicine (Baltimore). 
2017;96(37):e7655. [CrossRef]

19. Hu HT, Yao QJ, Meng YL, et al. Arsenic 
trioxide intravenous infusion combined with 
transcatheter arterial chemoembolization for 
the treatment of hepatocellular carcinoma 
with pulmonary metastasis: Long-term 
outcome analysis. J Gastroenterol Hepatol. 
2017;32(2):295-300. [CrossRef]

20. Chang G, Xie LL, Li WY, et al. Application of 
oxaliplatin in combination with epirubicin 
in transcatheter arterial chemoembolization 
in the treatment of primary liver carcinoma. 
J Biol Regul Homeost Agents. 2017;31(2):459-
464. [CrossRef]

21. Ogasawara S, Chiba T, Ooka Y, et al. A 
randomized placebo-controlled trial 
of prophylactic dexamethasone for 
transcatheter arterial chemoembolization. 
Hepatology. 2018;67(2):575-585. [CrossRef]

22. Geng W, Tian X, Fu X, et al. Early routine 
angioplasty versus selective angioplasty after 
successful thrombolysis in acute ST-segment 
elevation myocardial infarction. Coron Artery 
Dis. 2013;24(3):238-243. [CrossRef]

23. Spreen MI, Martens JM, Hansen BE, et al. 
Percutaneous transluminal angioplasty 
and drug-eluting stents for infrapopliteal 
lesions in critical limb ischemia (PADI) trial. 
Circ Cardiovasc Interv. 2016;9(2):e002376. 
[CrossRef]

24. Wang Q, Li K, He C, et al. Angioplasty with 
versus without routine stent placement 
for Budd-Chiari syndrome: a randomised 
controlled trial. Lancet Gastroenterol Hepatol. 
2019;4(9):686-697. [CrossRef]

25. Zamboni P, Galeotti R, Salvi F, et al. Effects 
of venous angioplasty on cerebral lesions 
in multiple sclerosis: expanded analysis 
of the brave dreams double-blind, sham-

https://doi.org/10.1001/jamasurg.2018.4318
https://doi.org/10.1016/j.wneu.2020.04.106
https://doi.org/10.1016/j.spinee.2015.06.004
https://doi.org/10.1097/CCM.0000000000001670
https://doi.org/10.1016/j.jhsa.2018.10.005
https://doi.org/10.1177/2192568220941684
https://doi.org/10.1007/s11605-012-2003-6
https://doi.org/10.1016/j.surg.2014.12.003
https://doi.org/10.1053/j.gastro.2015.05.011
https://doi.org/10.1148/radiol.15141252
https://doi.org/10.1038/srep21011
https://doi.org/10.1136/gutjnl-2017-314634
https://doi.org/10.1002/hep.28318
https://doi.org/10.7326/M20-0202
https://pubmed.ncbi.nlm.nih.gov/23327960/
https://doi.org/10.1002/bjs.9197
https://doi.org/10.1016/j.jhep.2014.08.057
https://doi.org/10.1097/MD.0000000000007655
https://doi.org/10.1111/jgh.13529
https://pubmed.ncbi.nlm.nih.gov/28685553/
https://doi.org/10.1002/hep.29403
https://doi.org/10.1097/MCA.0b013e32835e5c67
https://doi.org/10.1161/CIRCINTERVENTIONS.114.002376
https://doi.org/10.1016/S2468-1253(19)30177-3


 

532 • May 2023 • Diagnostic and Interventional Radiology Aslan et al.

controlled randomized trial. J Endovasc Ther. 
2020;27(1):1526602819890110. Erratum in: J 
Endovasc Ther. 2020;27(1):NP1. [CrossRef]

26. Schroeder H, Werner M, Meyer DR, et 
al. Low-dose paclitaxel-coated versus 
uncoated percutaneous transluminal 
balloon angioplasty for femoropopliteal 
peripheral artery disease: one-year results 
of the ILLUMENATE European Randomized 
Clinical Trial (randomized trial of a novel 
paclitaxel-coated percutaneous angioplasty 
balloon). Circulation. 2017;135(23):2227-2236. 
[CrossRef]

27. Haskal ZJ, Saad TF, Hoggard JG, et al. 
Prospective, randomized, concurrently-
controlled study of a stent graft versus 
balloon angioplasty for treatment of 
arteriovenous access graft stenosis: 2-year 
results of the RENOVA study. J Vasc Interv 
Radiol. 2016;27(8):1105-1114. [CrossRef]

28. Sharifi M, Bay C, Skrocki L, Rahimi F, 
Mehdipour M; “MOPETT” Investigators. 
Moderate pulmonary embolism treated with 
thrombolysis (from the “MOPETT” Trial). Am J 
Cardiol. 2013;111(2):273-277. [CrossRef]

29. Xu B, Tu S, Song L, et al. Angiographic 
quantitative flow ratio-guided coronary 
intervention (FAVOR III China): a multicentre, 
randomised, sham-controlled trial. Lancet. 
2021;398(10317):2149-2159. [CrossRef]

30. Seeger J, Markovic S, Birkemeyer R, et 
al. Paclitaxel-coated balloon plus bare-
metal stent for de-novo coronary artery 
disease: final 5-year results of a randomized 
prospective multicenter trial. Coron Artery Dis. 
2016;27(2):84-88. [CrossRef]

31. van Riet PA, Larghi A, Attili F, et al. A 
multicenter randomized trial comparing a 
25-gauge EUS fine-needle aspiration device 
with a 20-gauge EUS fine-needle biopsy 
device. Gastrointest Endosc. 2019;89(2):329-
339. [CrossRef]

32. Metintas M, Yildirim H, Kaya T, et al. CT scan-
guided Abrams’ needle pleural biopsy versus 
ultrasound-assisted cutting needle pleural 
biopsy for diagnosis in patients with pleural 
effusion: a randomized, controlled trial. 
Respiration. 2016;91(2):156-163. [CrossRef]

33. Cho E, Park CH, Kim TH, et al. A prospective, 
randomized, multicenter clinical trial 
comparing 25-gauge and 20-gauge biopsy 
needles for endoscopic ultrasound-guided 
sampling of solid pancreatic lesions. Surg 
Endosc. 2020;34(3):1310-1317. [CrossRef]

34. Wang D, Fu HJ, Xu HX, et al. Comparison of 
fine needle aspiration and non-aspiration 
cytology for diagnosis of thyroid nodules: a 
prospective, randomized, and controlled trial. 
Clin Hemorheol Microcirc. 2017;66(1):67-81. 
[CrossRef]

35. Oh D, Kong J, Ko SW, et al. A comparison 
between 25-gauge and 22-gauge Franseen 
needles for endoscopic ultrasound-guided 
sampling of pancreatic and peripancreatic 
masses: a randomized non-inferiority 
study. Endoscopy. 2021;53(11):1122-1129. 
[CrossRef]

36. Laquière A, Lefort C, Maire F, et al. 19 G nitinol 
needle versus 22 G needle for transduodenal 
endoscopic ultrasound-guided sampling of 
pancreatic solid masses: a randomized study. 
Endoscopy. 2019;51(5):436-443. [CrossRef]

37. Moosanejad N, Firouzian A, Hashemi SA, 
Bahari M, Fazli M. Comparison of totally 
tubeless percutaneous nephrolithotomy and 
standard percutaneous nephrolithotomy for 
kidney stones: a randomized, clinical trial. Braz 
J Med Biol Res. 2016;49(4):e4878. [CrossRef]

38. Thomalla G, Simonsen CZ, Boutitie F, et 
al. MRI-guided thrombolysis for stroke 
with unknown time of onset. N Engl J Med. 
2018;379(7):611-622. [CrossRef]

39. Berglund A, Svensson L, Sjöstrand C, et al. 
Higher prehospital priority level of stroke 
improves thrombolysis frequency and time 
to stroke unit: the Hyper Acute STroke Alarm 
(HASTA) study. Stroke. 2012;43(10):2666-2670. 
[CrossRef]

40. Barlinn K, Tsivgoulis G, Barreto AD, et al. 
Outcomes following sonothrombolysis in 
severe acute ischemic stroke: subgroup 
analysis of the CLOTBUST trial. Int J Stroke. 
2014;9(8):1006-1010. [CrossRef]

41. Vargas M, Marra A, Buonanno P, Coviello A, 
Iacovazzo C, Servillo G. Fragility index and 
fragility quotient in randomized controlled 
trials on corticosteroids in ARDS due to 
COVID-19 and non-COVID-19 etiology. J Clin 
Med. 2021;10(22):5287. [CrossRef]

42. Shochet LN, Kerr PG, Polkinghorne KR. The 
fragility of significant results underscores 
the need of larger randomized controlled 
trials in nephrology. Kidney International. 
2017;92(2):1469-1475. [CrossRef]

43. Khan MS, Ochani RK, Shaikh A, et al. Fragility 
index in cardiovascular randomized controlled 
trials. Circulation: Cardiovascular Quality and 
Outcomes. 2019;12(12):e005755. [CrossRef]   

https://doi.org/10.1177/1526602819890110
https://doi.org/10.1161/CIRCULATIONAHA.116.026493
https://doi.org/10.1016/j.jvir.2016.05.019
https://doi.org/10.1016/j.amjcard.2012.09.027
https://doi.org/10.1016/S0140-6736(21)02248-0
https://doi.org/10.1097/MCA.0000000000000314
https://doi.org/10.1016/j.gie.2018.10.026
https://doi.org/10.1159/000443483
https://doi.org/10.1007/s00464-019-06903-x
https://doi.org/10.3233/CH-160222
https://doi.org/10.1055/a-1369-8610
https://doi.org/10.1055/a-0757-7714
https://doi.org/10.1590/1414-431X20154878
https://doi.org/10.1056/NEJMoa1804355
https://doi.org/10.1161/STROKEAHA.112.652644
https://doi.org/10.1111/ijs.12340
https://doi.org/10.3390/jcm10225287
https://doi.org/10.1016/j.kint.2017.05.011
https://doi.org/10.1161/CIRCOUTCOMES.119.005755


 

The reproducibility of interventional radiology RCTs • 533

Supplementary Table 1. Interventional radiology trials included in the study

Trial Field Year Sample 
size

Reported P 
value

Fragility 
index

Lost to 
follow-up

Adeeb 
classification

1
Randomized controlled trial of emergency TIPS versus 
emergency portacaval shunt treatment of acute 
bleeding esophageal varices in cirrhosis

TIPS 2012 154  <0.001 52 0 1

2
Randomized trials of endoscopic therapy and TIPS 
versus portacaval shunt for emergency and elective 
treatment of bleeding gastric varices in cirrhosis

TIPS 2015 220 <0.001 68 0 1

3 Efficacy of covered and bare stent in TIPS for cirrhotic 
portal hypertension: a single-center randomized trial TIPS 2016 258 0.004 6 30 3

4

Advanced cirrhosis combined with portal vein 
thrombosis: a randomized trial of TIPS versus 
endoscopic band ligation plus propranolol for the 
prevention of recurrent esophageal variceal bleeding

TIPS 2015 73 0.002 6 0 1

5

Prevention of rebleeding from esophageal varices 
in patients with cirrhosis receiving small-diameter 
stents versus hemodynamically controlled medical 
therapy

TIPS 2015 185 0.002 7 0 1

6
The use of rifaximin in the prevention of overt hepatic 
encephalopathy after TIPS: a randomized controlled 
trial

TIPS 2021 197 0.012 3 17 3

7 Covered TIPS versus endoscopic therapy + β-blocker 
for prevention of variceal rebleeding TIPS 2016 72 0.001 4 0 2

8

Covered TIPS versus endoscopic band ligation plus 
propranolol for the prevention of variceal rebleeding 
in cirrhotic patients with portal vein thrombosis: a 
randomized controlled trial

TIPS 2018 49 0.008 3 2 2

9
The clinical therapeutic effects of arsenic trioxide 
combined with TACE in treating primary liver cancer 
with pulmonary metastases

TACE 2012 60 0.008 2 0 2

10
Partial hepatectomy vs. TACE for resectable multiple 
hepatocellular carcinomas beyond milan criteria: a 
randomized controlled trial

TACE 2014 173 <0.001 14 7 1

11 A randomized placebo-controlled trial of prophylactic 
dexamethasone for TACE TACE 2018 119 <0.001 9 7 2

12

Combination of TACE and interrupted dosing 
sorafenib improves patient survival in early to 
intermediate stage hepatocellular carcinoma: a post 
hoc analysis of the START trial

TACE 2017 72 0 .012 2 0 2

13

Arsenic trioxide intravenous infusion combined with 
TACE for the treatment of hepatocellular carcinoma 
with pulmonary metastasis: long-term outcome 
analysis

TACE 2017 60  0.001 2 0 2

14
Application of oxaliplatin in combination with 
epirubicin in TACE in the treatment of primary liver 
carcinoma

TACE 2017 218 <0.050 7 0 1

15 Randomized clinical trial of stents versus angioplasty 
for the treatment of iliac artery occlusions (STAG trial) Angioplasty 2013 112 0.007 3 0 2

16
Early routine angioplasty versus selective angioplasty 
after successful thrombolysis in acute ST-segment 
elevation myocardial infarction

Angioplasty 2013 224 0.0219 2 0 2

17
Percutaneous transluminal angioplasty and drug-
eluting stents for infrapopliteal lesions in critical limb 
ischemia (PADI) trial

Angioplasty 2016 158 0.037 1 0 2

18
Angioplasty with versus without routine stent 
placement for Budd-Chiari syndrome: a randomized 
controlled trial

Angioplasty 2019 88 <0.0001 11 0 1

19

Effects of venous angioplasty on cerebral lesions in 
multiple sclerosis: expanded analysis of the brave 
dreams double-blind, sham-controlled randomized 
trial

Angioplasty 2020 130 0.032 1 5 2
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Supplementary Table 1. Interventional radiology trials included in the study

Trial Field Year Sample 
size

Reported P 
value

Fragility 
index

Lost to 
follow-up

Adeeb 
classification

20

Low-dose paclitaxel-coated versus uncoated 
percutaneous transluminal balloon angioplasty for 
femoropopliteal peripheral artery disease: one-year 
results of the ILLUMENATE European randomized 
clinical trial (randomized trial of a novel paclitaxel-
coated percutaneous angioplasty balloon)

Angioplasty 2017 333 <0.001 10 43 3

21

Prospective, randomized, concurrently-controlled 
study of a stent graft versus balloon angioplasty for 
treatment of arteriovenous access graft stenosis: 
2-year results of the RENOVA study

Angioplasty 2016 191 <0.001 8 5 2

22 Moderate pulmonary embolism treated with 
thrombolysis (from the “MOPETT” Trial) Angiography 2013 121 <0.001 13 7 1

23
Angiographic quantitative flow ratio-guided 
coronary intervention (FAVOR III China): a multicentre, 
randomized, sham-controlled trial

Angiography 2021 3825 0.0004 25 0 1

24
Paclitaxel-coated balloon plus bare-metal stent for 
de-novo coronary artery disease: final 5-year results 
of a randomized prospective multicenter trial

Angiography 2016 120 <0.050 1 0 2

25
A multicenter randomized trial comparing a 
25-gauge EUS fine-needle aspiration device with a 
20-gauge EUS fine-needle biopsy device

Needle biopsy 2019 608 0.002 10 0 1

26

CT scan-guided Abrams needle pleural biopsy versus 
ultrasound-assisted cutting needle pleural biopsy 
for diagnosis in patients with pleural effusion: a 
randomized, controlled Trial

Needle biopsy 2016 150 0.029 2 7 3

27

A prospective, randomized, multicenter clinical trial 
comparing 25-gauge and 20-gauge biopsy needles 
for endoscopic ultrasound-guided sampling of solid 
pancreatic lesions

Needle biopsy 2020 88 0.037 1 0 2

28

A comparison between 25-gauge and 22-gauge 
Franseen needles for endoscopic ultrasound-guided 
sampling of pancreatic and peripancreatic masses: a 
randomized non-inferiority study

Needle biopsy 2021 140 <0.001 17 0 1

29

19 G nitinol needle versus 22 G needle for 
transduodenal endoscopic ultrasound-guided 
sampling of pancreatic solid masses: a randomized 
study

Needle biopsy 2019 122 0.02 2 0 2

30
Comparison of fine needle aspiration and non-
aspiration cytology for diagnosis of thyroid nodules: a 
prospective, randomized, and controlled trial

Needle biopsy 2017 629 <0.050 4 0 2

31

Comparison of totally tubeless percutaneous 
nephrolithotomy and standard percutaneous 
nephrolithotomy for kidney stones: a randomized, 
clinical trial

Nephrostomy 2016 90 0.007 2 6 2

32 MRI-guided thrombolysis for stroke with unknown 
time of onset Thrombolysis 2018 503 0.020 5 13 3

33
Higher prehospital priority level of stroke improves 
thrombolysis frequency and time to stroke unit: the 
hyper acute stroke alarm study

Thrombolysis 2012 490 <0.001 16 0 1

34
Outcomes following sonothrombolysis in severe 
acute ischemic stroke: subgroup analysis of the 
CLOTBUST trial

Thrombolysis 2014 85 0.032 1 0 2

TIPS, trans-jugular intrahepatic portosystemic shunt; TACE, transcatheter arterial chemoembolization; MRI, magnetic resonance imaging.
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Propensity score-matched analysis of six-month outcomes of 
paclitaxel-coated balloons combined with UltraScore balloons versus 
conventional scoring balloons for femoropopliteal lesions 
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Tsutomu Fujita 

PURPOSE
Combination angioplasty with paclitaxel-coated balloons (PCBs) and conventional scoring balloons 
for femoropopliteal lesions has demonstrated satisfactory results, even for complex lesions. The 
UltraScore balloon (Becton Dickinson, New Jersey, USA), which has a maximum length of 300 mm, 
has two longitudinal 0.010-inch stainless steel wires and is a new treatment option for complex 
femoropopliteal lesions. However, no studies have evaluated the effect of the UltraScore balloon 
on femoropopliteal lesions. This study aimed to compare the clinical efficacy of angioplasty over a 
six-month period using UltraScore balloons versus conventional scoring balloons for the treatment 
of atherosclerotic femoropopliteal lesions with PCBs.

METHODS
A retrospective single-center observational study enrolled 272 patients who underwent PCB an-
gioplasty combined with an UltraScore balloon (n = 58) or conventional scoring balloon (n = 214) 
without bailout stenting. Propensity score matching was used to minimize intergroup differences 
in baseline characteristics, and six-month outcomes were compared between the two groups. The 
primary endpoint was a technical success (i.e., residual angiographic stenosis of <30% with non-se-
vere dissection). The secondary endpoints were the incidences of periprocedural complications, 
restenosis, and target lesion revascularization (TLR).

RESULTS
After propensity score matching, 50 matched pairs of patients were selected for analysis. The Ultra-
Score group had a significantly longer vessel length (192.8 ± 94.9 versus 36.6 ± 7.9 mm, P < 0.001), a 
lower frequency of non-compliant balloon (26.0% versus 56.0%, P = 0.002), and a smaller PCB diam-
eter (5.32 ± 0.65 versus 5.66 ± 0.52 mm, P = 0.002) compared with the scoring group. The primary 
endpoint of technical success was significantly higher in the UltraScore group than in the scoring 
group (76.0% versus 56.0%, P = 0.035). There were no significant differences in periprocedural com-
plications (4.0% versus 2.0%, P = 0.562), six-month restenosis (4.0% versus 8.0%, P = 0.339), and TLR 
(2.0% versus 4.0%, P = 0.500) between both groups. The multivariate logistic regression analysis 
showed that UltraScore use was independently associated with an increase in technical success 
(odds ratio: 2.58; 95% confidence interval: 1.05–6.36, P = 0.040).

CONCLUSION
The use of an UltraScore balloon during PCB angioplasty for femoropopliteal lesions significantly 
improved technical success compared with conventional scoring balloons. UltraScore use was an 
independent predictor of technical success, indicating its potential advantages in peripheral inter-
vention procedures.

KEYWORDS
Balloon angioplasty, endovascular treatment, UltraScore balloon, conventional scoring balloon, 
cutting balloon, drug-coated balloon, femoropopliteal lesions, peripheral artery disease
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Endovascular therapy has been a stan-
dard treatment for femoropopliteal le-
sions due to its improved device perfor-

mance over other treatments. Several studies 
have demonstrated satisfactory results after 
paclitaxel-coated balloon (PCB) angioplas-
ty for femoropopliteal lesions.1-3 However, 
severely calcified lesions, particularly con-
centric calcifications, present a challenge in 
achieving adequate lumen enlargement and 
paclitaxel absorption by PCB angioplasty, 
leading to increased restenosis risk.4 There-
fore, proper vessel preparation is essential 
to ensure good PCB outcomes; additionally, 
a larger minimum lumen area is associated 
with a decreased risk of restenosis.5 

Conventional scoring balloons have 
been used for severely calcified or poorly 
dilated lesions. Conventional scoring bal-
loon angioplasty has been found to restore 
larger lumen gain and reduce the incidence 
of severe dissection compared with plain 
balloon angioplasty in short femoropopli-
teal lesions.6,7 However, the short length of 
conventional scoring balloons limits their 
use in long lesions. The UltraScore balloon 
(Becton Dickinson, New Jersey, USA), which 
has a maximum length of 300 mm, has two 
longitudinal 0.010-inch stainless steel wires 
and is a new treatment option for complex 
femoropopliteal lesions, including longer 
lesions. However, no studies have evaluated 
the effect of the UltraScore balloon on fem-
oropopliteal lesions. This study aims to com-
pare the clinical efficacy of angioplasty over 
a six-month period using UltraScore balloons 
versus conventional scoring balloons for the 
treatment of atherosclerotic femoropopliteal 
lesions with PCBs.

Methods

Study population

This study retrospectively and non-ran-
domly analyzed symptomatic atherosclerot-
ic femoropopliteal lesions in 731 patients 
(Rutherford classification 2 and 6) treated 
with a PCB without a bailout stent proce-

dure from July 2018 to June 2022 at Sapporo 
Heart Center. Of this total, the following 459 
patients were excluded based on treatment 
type: standard balloons (n = 398), scaffolds (n 
= 19), in-stent lesions (n = 14), and resteno-
sis after PCB angioplasty (n = 27). Finally, this 
study enrolled 272 patients (272 limbs; aver-
age age 76.9 ± 9.3 years; female 37.1%). The 
present study compared the periprocedural 
and clinical outcomes for up to six months 
between patients treated with conventional 
scoring balloons (n = 214) and those treated 
with UltraScore balloons (n = 58) for vessel 
preparation before PCB use. The Cutting bal-
loon (n = 54; Boston Scientific, Marlborough, 
Massachusetts, USA) and the AngioSculpt 
(n = 160; Philips, San Diego, California, USA) 
were used in the scoring group. All partic-
ipants were asked to visit our center 6 ± 1 
months after PCB angioplasty to evaluate for 
restenosis occurrence. A propensity score-
matched analysis was conducted as de-
scribed in the statistical analysis section. The 
study protocol was designed in accordance 
with the Declaration of Helsinki and was ap-
proved by the Sapporo Heart Center Ethics 
Committee of our institution (approval no: 
20230001). Informed consent was obtained 
from all participants or their family members 
before using the balloon for comparison in 
this study.

Endovascular procedures and medical ther-
apy

The indication for endovascular treatment 
for symptomatic femoropopliteal lesions was 
a >70% diameter stenosis with Rutherford 
classification categories between 2 and 6. 
The femoropopliteal vasculature was treated 
in a single session. The approach site for each 
common femoral artery was determined 
based on the location of the lesion, and a 
6-Fr sheath was inserted. A 5.000-IU dose of 
unfractionated heparin was subsequently 
injected from the sheath, targeting an acti-
vated coagulation time of >250 s. A 0.014- or 
0.035-inch guidewire was used to cross the 
lesions. The selection of different types of 
balloons was based on the morphology and 
location of the lesions. The UltraScore and 
conventional scoring balloons were primarily 
used in complex lesions such as long lesions, 
chronic total occlusions (CTO), and severe 
calcifications that were difficult to dilate with 
conventional balloon angioplasty. Angiogra-
phy-or intravascular ultrasound (IVUS)-evalu-
ated balloon diameters were used. Standard 
balloon and PCB angioplasties were per-
formed to cover the lesion as completely as 
possible. The choice of balloon (UltraScore, 

Cutting balloon, and AngioSculpt) and PCB 
(IN.PACT Admiral: Medtronic, Santa Clara, 
USA; Ranger: Boston Scientific, Marlborough, 
USA; and Lutonix: Becton Dickinson, New Jer-
sey, USA) was determined at the operator’s 
discretion, taking into consideration factors 
such as lesion length, degree of stenosis, and 
the presence of occlusions or calcifications. 
These factors were evaluated case by case 
to determine each patient’s most appropri-
ate treatment strategy. Post-dilation was 
performed if the residual stenosis after PCB 
angioplasty was >50% using a balloon that 
was appropriately sized and selected based 
on angiography or IVUS evaluation. Patients 
who underwent the bailout stent procedure 
were excluded. Atherectomy devices were 
not used because they were unavailable in 
Japan during the study period. Hemostasis 
was achieved using manual compression or 
device closure.

After the intervention, patients were pre-
scribed daily doses of 100 mg aspirin and 75 
mg clopidogrel for three months. Patients 
who received anticoagulation therapy were 
prescribed a regular dose of aspirin and 
clopidogrel for one month. The patients were 
then switched to long-term anticoagulation 
and aspirin therapy.

Study endpoints

The primary endpoint was technical suc-
cess, defined as residual angiographic ste-
nosis of less than 30% with non-severe dis-
section, classified as a dissection grade from 
none to type C according to the National 
Heart, Lung, and Blood Institute classifica-
tion system for coronary arteries.8 Secondary 
endpoints included periprocedural compli-
cations, defined as intraoperative complica-
tions within seven days postoperatively; rest-
enosis rate at six months, defined as a target 
lesion with significant stenosis (a peak sys-
tolic velocity ratio >2.4 on duplex ultrasound 
at intervals of one and six months or >50% 
stenosis on digital subtraction angiography 
or computed tomography angiography); and 
target lesion revascularization (TLR) at six 
months, defined as repeat endovascular or 
surgical bypass procedures for limbs with re-
current symptoms accompanied by recurrent 
stenosis >50% as measured by angiography.

Statistical analysis

The baseline characteristics of the study 
were summarized as mean ± standard devi-
ation for continuous variables and frequency 
(percentage) for categorical variables unless 
otherwise specified. The unpaired t-test or 

Main points

• The UltraScore balloon improved technical 
success in femoropopliteal lesions during 
paclitaxel-coated balloon angioplasty more 
than conventional scoring balloons.

• Comparable six-month outcomes were ob-
served between the groups using UltraS-
core and conventional scoring balloons.

• UltraScore balloon use was an independent 
predictor of technical success.
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chi-square test was used to compare contin-
uous or categorical variables between the 
two groups. A P value of <0.050 was consid-
ered statistically significant. Propensity score 
matching was performed to minimize the 
intergroup differences in baseline characteris-
tics. The propensity score was calculated using 
a binary logistic regression model that includ-
ed sex, hypertension, diabetes mellitus, hemo-
dialysis, chronic limb-threatening ischemia, le-
sion length >150 mm, coronary artery disease, 
CTO, and bilateral calcification as explanatory 
variables. Matching of the two groups was per-
formed using the logit of the propensity score, 
within a caliper of 0.2 standard deviations 
of the logit of the propensity score (caliper 
0.029), to ensure balance in the baseline char-
acteristics between the two groups. We ex-
tracted as many matched samples as possible 
to maximize the statistical power for detect-
ing intergroup prognostic differences. After 
matching, intergroup differences were ana-
lyzed with stratification by pairs, and weighted 
descriptive statistics were reported to provide 
a comprehensive overview of the data. The 

balance in baseline characteristics between 
the groups was assessed with the standard-
ized difference. Patient characteristics, treat-
ment strategies, and clinical outcomes were 
compared between patients treated using the 
UltraScore and conventional scoring balloons 
(Cutting balloon or AngioSculpt). Descriptive 
statistics were used to summarize the baseline 
and outcome variables. Independent predic-
tors of technical success were determined 
using multivariate logistic regression, includ-
ing all univariate parameters with a P value 
of <0.100, and 95% confidence intervals were 
reported where appropriate. Statistical analy-
ses were performed using IBM SPSS Statistics 
software version 29.0.

Results
This study included 272 patients, with 58 

patients (21.3%) receiving treatment with 
UltraScore balloons. After propensity score 
matching, 50 matched pairs of patients were 
selected for analysis. Baseline patient and 
lesion characteristics were comparable be-
tween the two groups, as presented in Table 

1. Procedural characteristics are summarized 
in Table 2. In vessel preparation, the UltraS-
core group had a significantly longer length 
(192.8 ± 94.9 versus 36.6 ± 7.9 mm, P < 0.001), 
a lower frequency non-compliant balloon 
(26.0% versus 56.0%, P = 0.002), and smaller 
PCB diameter (5.32 ± 0.65 versus 5.66 ± 0.52 
mm, P = 0.002) compared with the scoring 
group. 

Table 3 presents the postprocedural out-
comes of the two groups. The primary end-
point of technical success was significantly 
higher in the UltraScore group than in the 
scoring group (76.0% versus 56.0%, P = 0.035). 
Residual stenosis <30% was achieved more 
frequently in the UltraScore group than in the 
scoring group (90.0% versus 68.0%, P = 0.007), 
whereas non-severe dissection was simi-
lar in both groups (86.0% versus 84.0%, P = 
0.779). There were no significant differences 
in periprocedural complications (4.0% versus 
2.0%, P = 0.562), six-month restenosis (4.0% 
versus 8.0%, P = 0.339), and TLR (2.0% versus 
4.0%, P = 0.500) between the two groups. 
The arterial dissection patterns, summarized 

Table 1. Patient and lesion characteristics

Overall population (before matching) Matched population

Variable UltraScore
n = 58

Scoring
n = 214

P value UltraScore
n = 50

Scoring
n = 50

P value

Age, y 76.9 ± 9.6 76.9 ± 9.3 0.997 76.7 ± 9.5 78.3 ± 9.9 0.399

Female 27 (46.6) 74 (34.6) 0.094 23 (46.0) 22 (44.0) 0.841

Body mass index, kg/m2 22.9 ± 3.7 22.6 ± 3.8 0.556 23.0 ± 3.6 23.1 ± 3.8 0.882

Ambulatory 41 (70.7) 161 (75.2) 0.483 38 (76.0) 36 (72.0) 0.648

Hypertension 45 (78.9) 185 (86.9) 0.136 41 (82.0) 41 (82.0) -

Dyslipidemia 35 (61.4) 137 (64.6) 0.653 31 (62.0) 33 (66.0) 0.677

Diabetes mellitus 36 (63.2) 119 (56.1) 0.341 32 (64.0) 32 (64.0) -

Current smoker 10 (17.5) 51 (23.8) 0.312 10 (20.0) 15 (30.0) 0.248

Chronic renal disease 40 (70.2) 125 (59.2) 0.132 36 (72.0) 31 (62.0) 0.288

Hemodialysis 15 (26.3) 47 (22.5) 0.545 12 (24.0) 9 (18.0) 0.461

Coronary artery disease 20 (34.5) 134 (62.6) <0.001 20 (40.0) 20 (40.0) -

Cerebrovascular disease 10 (17.5) 31 (14.9) 0.625 9 (18.0) 10 (20.0) 0.799

Heart failure 10 (17.5) 29 (14.0) 0.505 10 (20.0) 6 (12.2) 0.295

Antiplatelet therapy 50 (86.2) 198 (92.5) 0.122 42 (84.0) 47 (94.0) 0.112

Anticoagulation 9 (15.8) 30 (14.0) 0.735 8 (16.0) 6 (12.0) 0.564

Statin 33 (57.9) 107 (50.0) 0.289 29 (58.0) 26 (52.0) 0.546

Preprocedural ankle–brachial 
index 0.59 ± 0.30 0.69 ± 0.28 0.018 0.59 ± 0.30 0.64 ± 0.30 0.208

Rutherford classification 3.9 ± 1.2 3.5 ± 1.1 0.026 3.8 ± 1.3 3.6 ± 1.0 0.298

Chronic limb-threatening 
ischemia 28 (49.1) 78 (36.6) 0.086 23 (46.0) 18 (36.0) 0.309

Preoperative stenosis (%) 93.0 ± 8.5 90.7 ± 9.5 0.085 93.2 ± 8.1 93.6 ± 8.6 0.803

Reference vessel diameter, 
mm 4.3 ± 0.9 4.7 ± 1.0 0.019 4.4 ± 0.8 4.6±1.0 0.183

Lesion length, mm 222.9 ± 106.9 133.0 ± 109.0 <0.001 214.8 ± 107.5 216.8 ± 113.3 0.928

Chronic total occlusion 17 (29.3) 40 (18.7) 0.078 15 (30.0) 15 (30.0) -
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Table 2. Procedure characteristics

Overall population (before matching) Matched population

Variable UltraScore
n = 58

Scoring
n = 214

P value UltraScore
n = 50

Scoring
n = 50

P value

Vessel preparation

   Diameter, mm 5.12 ± 0.59 5.37 ± 0.80 0.009 5.14 ± 0.57 5.34 ± 0.77 0.145

   Diameter-to-artery ratio 1.22 ± 0.28 1.20 ± 0.36 0.654 1.19 ± 0.25 1.21 ± 0.33 0.804

   Specific balloon length, mm 197.9 ± 95.9 34.8 ± 9.1 <.001 192.8 ± 94.9 36.6 ± 7.9 <0.001

   Inflation pressure, atm 13.5 ± 2.7 13.5 ± 2.5 0.934 13.6 ± 2.6 14.0 ± 2.3 0.414

   Cutting balloon - 54 (25.2) - - 8 (16.0) -

   AngioSculpt - 160 (74.8) - - 42 (84.0) -

   Semicompliant balloon 20 (34.5) 28 (13.1) <0.001 18 (36.0) 14 (28.0) 0.391

   Non-compliant balloon 15 (25.9) 79 (36.9) 0.116 13 (26.0) 28 (56.0) 0.002

Drug-coated balloon

   Model

      IN.PACT admiral 2 (3.4) 54 (25.2) <0.001 12 (24.0) 2 (4.0) 0.004

      Lutonix 14 (24.1) 120 (56.1) <0.001 14 (28.0) 23 (46.0) 0.062

      Ranger 42 (72.4) 40 (18.7) <0.001 34 (68.0) 15 (30.0) <0.001

   Diameter, mm 5.28 ± 0.67 5.65 ± 0.58 <0.001 5.32 ± 0.65 5.66 ± 0.52 0.002

   Diameter-to-artery ratio 1.25 ± 0.26 1.26 ± 0.34 0.816 1.23 ± 0.23 1.29 ± 0.34 0.310

   Total length, mm 246.5 ± 109.5 150.0 ± 98.3 <0.001 239.0 ± 108.4 225.2 ± 101.6 0.256

   Inflation pressure, atm 13.3 ± 2.9 13.2 ± 2.3 0.889 13.4 ± 2.7 14.0 ± 2.2 0.261

   Inflation time, sec 165.5 ± 25.9 146.4 ± 29.8 <0.001 163.2 ± 27.2 152.4 ± 30.2 0.063

Additional balloon 4 (6.9) 22 (10.3) 0.439 4 (8.0) 5 (10.0) 0.500

Intravascular ultrasound use 14 (24.1) 49 (22.9) 0.843 13 (26.0) 14 (28.0) 0.822

Data are presented as number (percentage) or mean ± standard deviation unless otherwise specified.

Table 1. Continued

Overall population (before matching) Matched population

Variable UltraScore
n = 58

Scoring
n = 214

P value UltraScore
n = 50

Scoring
n = 50

P value

TASC II classification

   A 5 (8.6) 80 (37.4) <0.001 5 (10.0) 8 (16.0) 0.372

   B 9 (15.5) 54 (25.2) 0.120 8 (16.0) 5 (10.0) 0.372

   C 37 (63.8) 66 (30.8) <0.001 30 (60.0) 32 (64.0) 0.680

   D 7 (12.1) 14 (6.5) 0.162 7 (14.0) 5 (10.0) 0.538

Calcification graded by PACSS grade

   0 9 (15.5) 65 (30.4) 0.024 8 (16.0) 9 (18.0) 0.790

   1 8 (13.8) 17 (7.9) 0.171 6 (12.0) 4 (8.0) 0.505

   2 2 (3.4) 20 (9.3) 0.144 2 (4.0) 4 (8.0) 0.339

   3 11 (19.0) 39 (18.2) 0.897 11 (22.0) 7 (14.0) 0.298

   4 28 (48.3) 73 (34.1) 0.048 23 (46.0) 26 (52.0) 0.548

Below-the-knee artery poor 
runoff ≤1 25 (43.1) 66 (30.8) 0.079 20 (40.0) 19 (38.0) 0.838

Data are presented as number (percentage) or mean ± standard deviation unless otherwise specified. PACSS, peripheral artery calcium scoring system; TASC, TransAtlantic Inter-
Society Consensus.
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in Figure 1 and Table 3, did not differ signifi-
cantly between the two groups. The inter-
action analysis for restenosis is presented in 
Table 4. The multivariate logistic regression 
analysis showed that UltraScore balloon 
use was independently associated with an 
increase in technical success (odds ratio, 
2.58; 95% confidence interval: 1.05–6.36, P 
= 0.040). The Rutherford classification im-
proved similarly in both groups, as is shown 
in Figure 2.

Discussion
This study demonstrated that the use of 

UltraScore balloons during PCB angioplasty 
for femoropopliteal lesions resulted in a sig-
nificantly higher technical success rate than 
conventional scoring balloons. UltraScore 
balloon use was identified as an indepen-
dent predictor of technical success.

Conventional scoring balloons have been 
commonly used to treat severe calcifications 
and non-dilatable lesions, where conven-
tional standard balloon angioplasty may not 
be effective. A previous study showed that 
scoring balloons were more effective than 
plain balloon angioplasty in plaque modi-
fication for short femoropopliteal lesions.9 
The success of balloon angioplasty was 
positively associated with scoring balloon 
use but inversely associated with CTO and 
longer lesion length. Another retrospective 
study comparing long and short balloons 

for femoropopliteal occlusions found that 
longer balloons decreased the frequency of 
dilation over the length of the lesion com-
pared to shorter balloons, reducing the risk 
of balloon edge dissection and technical fail-
ure.10 In this study, the UltraScore group had 
a significantly longer balloon length than the 
scoring group. The presence of two long wire 
elements on a long UltraScore balloon may 
have positively impacted vessel preparation 
and contributed to achieving a lower resid-
ual stenosis rate compared to conventional 
short-scoring balloons. Consequently, Ultra-
Score balloon use was a significant positive 
factor for technical success. Furthermore, this 
study found that the severity of calcification, 
as graded by the Peripheral Artery Calcium 

Scoring System, CTOs, and long lesions did 
not impact technical success, suggesting 
that the scoring element of the balloons 
used in this study was effective in treating 
complex lesions, consistent with the results 
of a previous study.9 

Drug-coated balloons (DCBs) have consis-
tently demonstrated improved efficacy com-
pared with standard balloon angioplasty in 
treating femoropopliteal lesions.1-3 As such, 
DCB angioplasty is recommended as the 
first-line treatment for femoropopliteal le-
sions instead of uncoated balloon angioplas-
ty.11,12 Nevertheless, the rate of bailout stent-
ing tended to be higher in longer lesions.13 In 
this study, bailout stenting procedures per-

Table 3. Clinical outcomes of endovascular treatment

Overall population (before matching) Matched population

Variable UltraScore
n = 58

Scoring
n = 214

P value UltraScore
n = 50

Scoring
n = 50

P value

Technical success 74.1% (43) 65.4% (140) 0.211 76.0% (38) 56.0% (28) 0.035

   Residual stenosis <30% 89.6% (52) 70.6% (151) 0.003 90.0% (45) 68.0% (34) 0.007

   Non-severe dissection; none to type 
C 84.5% (49) 88.8% (190) 0.375 86.0% (43) 84.0% (42) 0.779

Periprocedural complications 3.4% (2) 1.9% (4) 0.469 4.0% (2) 2.0% (1) 0.562

Restenosis rate at six months 3.4% (2) 4.2% (9) 0.796 4.0% (2) 8.0% (4) 0.339

Target lesion revascularization rate at 
six months 1.7% (1) 2.3% (5) 0.779 2.0% (1) 4.0% (2) 0.500

Postoperative stenosis (%) 14.6 ± 7.7 18.2 ± 13.4 0.103 2.5 ± 7.6 9.5 ± 15.1 0.004

Postoperative ankle–brachial index 0.89 ± 0.16 0.94 ± 0.18 0.062 0.92 ± 0.14 0.91 ± 0.15 0.746

Dissection pattern

   None 5.2% (3) 20.1% (43) 0.007 6.0% (3) 14.0% (7) 0.182

   A 5.2% (3) 18.2% (39) 0.015 6.0% (3) 12.0% (6) 0.243

   B 53.4% (31) 35.5% (76) 0.013 56.0% (28) 38.0% (19) 0.071

   C 20.7% (12) 14.9% (32) 0.294 18.0% (9) 20.0% (10) 0.799

   D 12.1% (7) 9.8% (21) 0.618 12.0% (6) 14.0% (7) 0.766

   Flow-limited dissection 3.4% (2) 1.4% (3) 0.305 2.0% (1) 2.0% (1) 0.753

Data are presented as number (percentage) or mean ± standard deviation unless otherwise specified.

Figure 1. Comparison of dissection patterns between paclitaxel-coated balloon angioplasty with 
UltraScore and conventional scoring balloons (print color requested). The incidence of severe dissection, 
defined as type D or greater, was not significantly different between the two groups.
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formed after PCB angioplasty were excluded, 
and acceptable rates of technical success, 
six-month restenosis, and TLR were observed 
in both groups, even though the study pop-
ulation had severe underlying lesions. Com-
bining PCBs with scoring balloons, including 
UltraScore balloons, may improve paclitaxel’s 
absorption and antiproliferative effects, re-
sulting in better outcomes. The DCB-Trak 
registry, which used PCBs combined with 
the VascuTrak balloon (Becton Dickinson, 
New Jersey, USA), a scoring balloon with one 
longitudinal body wire, demonstrated good 
efficacy for short femoropopliteal lesions.14 
A previous case series using combination 
therapy with UltraScore and sirolimus-coat-
ed balloons (Selution SLR: MedAlliance SA, 

Nyon, Switzerland) also demonstrated satis-
factory technical and procedural success.15 
However, the clinical outcomes of combining 
UltraScore balloons with PCBs had not been 
researched until the present study, which 
revealed that UltraScore balloons had a posi-
tive effect on longer femoropopliteal lesions 
and had similar effects to conventional scor-
ing balloons for short to medium-length le-
sions. The results of this study suggest that 
combining PCBs with scoring balloons, in-
cluding the UltraScore balloon, was a clini-
cally effective treatment strategy for femoro-
popliteal lesions, with comparable six-month 
restenosis and TLR rates in both groups.

The current study had several limitations. 
First, it was a retrospective, single-center 

study with a small sample size, which may lim-
it the generalizability of the findings. Second, 
the scoring group included only the Cutting 
balloon and AngioSculpt balloon; no other 
types of scoring balloons were included. The 
limited variety of balloons used may have af-
fected the results. Third, no atherectomy de-
vices were used. While previous studies have 
demonstrated the effectiveness and safety of 
using atherectomy devices followed by DCB 
angioplasty, these devices are expensive and 
mainly used as adjunctive treatments for 
focal lesions.16,17 No studies have compared 
DCB combined therapy using atherectomy 
devices and scoring balloons. Furthermore, 
given the limited financial resources of the 
health system,18 a cost-effectiveness analysis 
should be conducted in future randomized 
controlled trials evaluating the usefulness of 
these combination therapies. Finally, the fol-
low-up period was only six months, and the 
long-term clinical outcomes of this combina-
tion therapy are unknown. Therefore, further 
studies with larger sample sizes and longer 
follow-up periods are necessary to confirm 
this study’s results and evaluate the efficacy 
and safety of UltraScore and other scoring bal-
loons in combination with PCB angioplasty.

In conclusion, this study demonstrated 
that using UltraScore balloons during PCB 
angioplasty for femoropopliteal lesions sig-
nificantly improved technical success com-
pared with conventional scoring balloons. 
UltraScore balloon use was an independent 
predictor of technical success. These results 
indicate the potential advantages of using 

Figure 2. Change in Rutherford classification category before and after the procedure.

Table 4. Predictors of technical success

Univariate analysis Multivariate analysis

Variables Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Female 1.26 (0.55–2.92) 0.582

Ambulatory 1.04 (0.40–2.66) 0.939

Diabetes mellitus 0.95 (0.40–2.26) 0.916

Dyslipidemia 0.78 (0.33–1.88) 0.586

Diabetes mellitus 1.24 (0.74–2.08) 0.409

Hemodialysis 0.80 (0.29–2.16) 0.656

Coronary artery disease 0.93 (0.40–2.16) 0.863

Statin 0.79 (0.34–1.82) 0.582

Distal reference vessel diameter <5.0 mm 0.57 (0.22–1.47) 0.249

Lesion length <100 mm 2.81 (0.87–9.11) 0.085 1.90 (0.51–7.08) 0.338

Chronic total occlusion 0.46 (0.19–1.11) 0.083 0.42 (0.16–1.08) 0.072

PACSS grade 4 0.38 (0.16–0.89) 0.026 0.44 (0.17–1.16) 0.096

UltraScore use 2.49 (1.06–5.86) 0.037 2.58 (1.05–6.36) 0.040

Cutting balloon use 0.75 (0.16–3.41) 0.710

IVUS use 0.54 (0.22–1.34) 0.183

Data are presented as number (percentage) or mean ± standard deviation unless otherwise specified. PACSS, peripheral artery calcium scoring system; CI, confidence interval; 
IVUS, intravascular ultrasound.
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UltraScore balloons in peripheral interven-
tion procedures.
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PURPOSE
To compare the safety and efficacy of sclerotherapy and lymphatic embolization (LE) in the treat-
ment of symptomatic iatrogenic lymphoceles following the placement of a percutaneous drainage 
catheter.

METHODS
This is a retrospective study of 46 patients who underwent sclerotherapy (17 patients) or LE (29 pa-
tients) for the management of symptomatic iatrogenic lymphoceles following percutaneous drain 
placement between January 2017 and December 2021. The demographic characteristics, time 
between surgery and lymphatic intervention, clinical presentation, number of procedures, drain 
output pre- and post-intervention, time from intervention to drain removal, and adverse events 
were collected and compared for both groups. The clinical success rate, defined as the successful 
removal of the drain after one procedure, was calculated. Adverse events were reported according 
to the Society of Interventional Radiology classification. A statistical analysis was conducted using 
SPSS, and the P value for statistical significance was set at 0.05. The Mann–Whitney U test was used 
to compare differences in the scale variables, and Fisher’s exact test was used to compare the cate-
gorical and ordinal variables between both groups.

RESULTS
A total of 46 patients with 49 lymphoceles met the inclusion criteria of the study. Of these patients, 
17 patients (19 lymphoceles) underwent sclerotherapy, and 29 patients (30 lymphoceles) under-
went LE as their initial procedures. The clinical success after one procedure was significantly higher 
(83% vs. 47%, P = 0.011), and the median time between the first intervention and drain removal was 
significantly shorter in the LE group (median duration of 6 vs. 13 days, P = 0.018) compared with 
the sclerotherapy group. No statistically significant difference in adverse events was noted between 
both groups (0.26 vs. 0.10, P = 0.11).

CONCLUSION
This study found that LE had a higher clinical success rate after the first procedure and a shorter 
time to drain removal compared with sclerotherapy. There was no difference in the rate of adverse 
events between both groups. Although LE is a safe and promising technique, a prospective study is 
needed to further compare the efficacy of both treatment modalities.
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A comparison of lymphatic embolization and sclerotherapy in the 
management of iatrogenic abdominopelvic lymphoceles following 
oncological surgery

Lymph node dissection is an integral part of oncological surgery. Lymphatic injury and 
lymphocele development is a known complication of lymph node dissection. The re-
ported incidence of lymphocele varies in the literature, with incidences of symptomatic 

lymphoceles ranging between 2.5% and 34.5%.1,2 Symptoms are often due to infection within 
the lymphocele, or pressure on surrounding structures, with urinary frequency, constipation, 
hydronephrosis, pain and lower extremity edema all reported in the literature.3
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Percutaneous catheter drainage is the 
mainstay of treatment for symptomatic lym-
phoceles. However, further intervention is 
often required to decrease the drain output, 
and subsequently, the drain dwell time.4,5 
Sclerotherapy induces local inflammation 
and fibrosis of the wall of the lymphocele 
with subsequent obliteration of the lym-
phatic leak, and safety and efficacy has been 
reported.6 Although this treatment is some-
times successful after one session, the litera-
ture reports the average number of required 
sclerotherapy procedures to be between 
one and four procedures, with patients 
sometimes requiring up to 14 procedures.7 
Lymphangiography followed by lymphat-
ic embolization (LE) is  another approach  to 
identify and occlude the source of lymphat-
ic leak. The intranodal technique has made 
lymphangiography much less cumbersome 
and technically demanding than in the past. 
Once the leak has been identified,  LE  using 
an n-butyl cyanoacrylate (n-BCA) and lipi-
odol mixture is conducted under fluoroscop-
ic guidance, and safety and efficacy has also 
been reported.8

Studies comparing these two treatment 
modalities are limited.3,9 The aim of this sin-
gle center retrospective study is to compare 
the efficacy and safety of sclerotherapy and 
LE in the treatment of pelvic and abdominal 
iatrogenic lymphoceles following oncologic 
surgery.

Methods

Patient population

This retrospective study was approved by 
the Memorial Sloan Kettering Cancer Center 
Institutional Review Board under protocol 

number 16-402, and the need for informed 
consent was waived. Medical records were 
reviewed to identify patients with abdominal 
or pelvic iatrogenic symptomatic lymphoce-
les following oncological surgery. Patients 
treated with percutaneous drainage fol-
lowed by sclerotherapy or LE were includ-
ed. Patients were excluded if no follow-up 
data was available to evaluate the clinical 
outcome or if the percutaneous drain was 
removed before clinical resolution was con-
firmed through decreased drain output. 

A total of 55 patients with 59  lymphoce-
les were identified (Table 1). The decision to 
treat with sclerotherapy or LE was based on 
the operator’s discretion.  One patient had 
lymphangiography followed by sclerother-
apy in the same session when no leak was 
identified and was subsequently excluded 
from further analysis. Eight patients had 
the drain removed on the same day as the 
sclerotherapy procedure, and there were no 
available data to evaluate the success of the 
treatment later. Therefore, they were exclud-
ed, as this clinical approach was later aban-
doned. The remaining 46 patients were di-
vided into 17 patients (19 lymphoceles) who 
underwent  sclerotherapy  and  29  patients 
(30 lymphoceles) who underwent intra-nod-
al lymphangiography (INL) and LE  as their 
initial  procedures (Figure 1). Twenty of the 
29 patients who underwent LE in this study 
were also involved in a prior study that was 
focused on proving the safety and efficacy 
of LE.8 They have been included in this study 
as part of the LE cohort, as this study focuses 
on comparing the outcomes of LE and scle-
rotherapy. 

The most common cancer diagnosis was 
prostate cancer (63%). No statistically sig-
nificant difference was noted in the base-
line characteristics except in the presenting 
symptoms, as no patients in the sclerothera-
py group presented with fever.

Sclerotherapy technique

The procedure was performed under 
moderate sedation. Under aseptic condi-
tions, all patients had a percutaneous drain 
placed under imaging guidance [computed 
tomography (CT) or ultrasound]. The fluid 
collection was drained fully, and the drained 
volume was recorded. A similar volume of 
iodinated contrast was then injected into 
the lymphocele cavity under fluoroscopic 
imaging or CT to ensure the absence of com-
munication with adjacent structures (Figure 
2). The contrast was then aspirated, and the 
sclerosant material was injected through the 
drain and left to dwell in the collection for 
30–120 minutes according to the operator’s 
preference. Absolute ethanol and povidone 
iodine volumes were determined based on 
the amount of contrast that was required 
to fill the cavity without having pericatheter 
leakage or intravasation. In cases of sodium 
tetradecyl sulphate (STS) 3% (Sotradecol, An-
gioDynamics, Inc., Queensbury, NY, USA), it 
was mixed with air in a 1:3 ratio to form foam, 
which was then instilled through the drain. It 
was then aspirated, and the drain was left in 
place. The drain output was monitored over 
the following days. The drain was removed 
once the output dropped below 20 cc/24 hrs 
over 3 consecutive days. If the drain output 
remained consistently elevated for several 

Main points

• Symptomatic lymphoceles are a relatively 
common occurrence after lymph node dis-
section in oncological surgery.

• Percutaneous drainage is the treatment of 
choice, but it may require prolonged drain 
dwell times, which affect patients’ quality of 
life.

• Sclerotherapy is the primary treatment to 
decrease the drain dwell time, but it often 
requires multiple procedures.

• Intranodal lymphangiography and lymphat-
ic embolization (LE) are newer treatment 
options.

• This retrospective study showed that LE was 
associated with a significantly shorter drain-
age drain dwell time than sclerotherapy and 
required fewer procedures.

Table 1. Baseline characteristics of the study population

INL/LE Sclerotherapy P value

Age (mean) 61 64 0.35

Gender
Male
Female

25 (86%)
4 (14%)

15 (88%)
2 (12%) 0.84

Diagnosis
Prostate cancer
Ovarian cancer
Testicular cancer
Urinary bladder cancer 
Other*

18 (62.1%)
2 (6.9%)
3 (10.3%)
4 (3.8%)
2 (6.9%)

11 (64.7%)
1 (5.9%)
1 (5.9%)
0 (0%)
4 (23.5%)

0.17

Presenting symptoms
Pain
Fever
Pressure symptoms**
Other***

10 (35%)
9 (30%)
10 (35%)
0 (0%)

8 (47%)
0 (0%)
6 (35%)
3 (18%)

0.013

Lymphocele location
Pelvic
Retroperitoneal

24 (80%)
6 (20%)

18 (95%)
1 (5%) 0.22

*Other cancers included; **pressure symptoms included frequency, lower extremity edema, and hydronephrosis; 
***others included incidental, high output in surgical drain. INL/LE, intranodal lymphangiography and lymphatic 
embolization.
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days following the procedure, the sclerother-
apy procedure was repeated based on the 
interventional radiologist’s assessment. The 
sclerosant materials that were used included 
absolute ethanol, STS 3%, doxycycline, and/
or povidone iodine (Betadine, Purdue-Fred-
erick, Norwalk, Conn). The choice of the scle-
rosant and dwell time was based on the op-
erator’s preference.

Lymphangiography and lymphatic emboli-
zation technique

The procedure was performed under 
moderate sedation by one of six interven-
tional radiologists with 2–26 years of experi-
ence. Under ultrasound imaging guidance, a 
25-gauge needle was placed into an inguinal 
lymph node at the side of the pelvic lympho-
cele with the tip located at the corticomed-
ullary junction (Figure 3). Bilateral lymph 
node access was obtained in cases of bilat-
eral pelvic lymphoceles or retroperitoneal 
lymphoceles. A total of 6 cc of lipiodol (Guer-
bet, Villepinte, France) was injected by hand 
under intermittent fluoroscopy. Once the 
contrast extravasation was noted into the 
lymphocele, the point of leak was identified. 
LE was then performed by advancing a 20- or 
22-gauge needle into the leaking lymphatic 
vessel or the closest proximal lymph node 
under fluoroscopic guidance (Video 1). An in-
jection of dextrose 5% through the 22-gauge 
needle with the clearing of the lipiodol in the 
lymphatic vessel confirmed access (Video 2). 
LE was then performed using a mixture of 
lipiodol and n-BCA (Trufill; Codman Neuro, 
Raynham, Massachusetts) (Video 3). The di-

lution of the n-BCA was determined based 
on the distance between the site of injection 
and the point of leak according to the oper-
ator’s preference, ranging between 1:2 and 
1:10. If the drain output remained consist-
ently elevated for several days following the 
procedure, the lymphangiogram procedure 
was repeated based on the interventional 
radiologist’s assessment.

Outcomes

Technical success of sclerotherapy was 
defined as the ability to inject sclerosant and 
complete the procedure. Technical success 
of INL was defined as the ability to inject lipi-
odol and visualize the lymphatic vessels un-
der fluoroscopy. Technical success of LE was 
defined as the ability to inject n-BCA into the 
leaking lymphatic vessel or closest proximal 

Figure 1. Flowchart for study inclusion. INL, intra-nodal lymphangiography; LE, lymphatic embolization.

Figure 2. A 57-year-old male with a history of robotic prostatectomy and pelvic lymphadenectomy 
presenting with pelvic pain. (a) Computed tomography of the abdomen and pelvis showing right pelvic 
fluid collection (white arrows). (b) Collection completely drained with a 10.5 Fr drainage catheter (white 
arrow heads), but a consistently high output of 195 cc/day was noted for the following 2 weeks. (c) The 
residual cavity filled with 12 cc of contrast with no evidence of communication with the surrounding 
structures (black arrows). A total of 12 cc of 3% sodium tetradecyl sulphate (STS) mixture (2 mL STS, 8 mL 
iodinated water-soluble contrast, 2 mL air) was subsequently injected (not shown) and allowed to dwell for 
2 hours. Output subsequently dropped to 5 cc/day, and the drain was removed after 7 days.
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lymph node when a leak was identified. Clin-
ical success was defined as a reduction in the 
drain output to less than 20 cc/24 hrs for 3 
consecutive days with subsequent drain re-
moval. The need to repeat the procedure and 
the number of procedures needed to achieve 
clinical success were recorded. Changes in 
the drain output and the time to drain re-
moval following the first procedure were cal-
culated. Adverse events after the procedure 
were reported according to the Society of 
Interventional Radiology classification.

Statistical analysis

Baseline demographics of patients and 
clinical characteristics were compared using 

Fisher’s exact test and an independent sam-
ple t-test as appropriate. IBM SPSS Statistics 
for Windows, version 26 (IBM Corp., Armonk, 
N.Y., USA) was used for the statistical analysis. 
The differences in the treatment outcomes 
between the two procedures were tested 
using different statistical tests based on the 
outcome variable category. The Mann–Whit-
ney U test was used to compare the differ-
ences in the scale variables, and Fisher’s ex-
act test was used to compare the categorical 
and ordinal variables between both groups. 

Results
All sclerotherapy and INL procedures were 

technically successful (Table 2). In the INL/

LE group, lymphatic leak was identified and 
subsequently embolized in 31 out of 35 pro-
cedures. Clinical success occurred after the 
first sclerotherapy procedure in eight out of 
17 patients (47%). Five patients needed one 
additional sclerotherapy procedure, and four 
patients needed two additional sclerothera-
py procedures. Clinical success following the 
first INL/LE was achieved in 24/29 patients 
(83%), which was significantly higher than 
the sclerotherapy group (83% vs. 47%, P = 
0.011). Four patients needed one additional 
procedure, and one patient needed two ad-
ditional procedures (Figure 1). 

The INL/LE group had the drain for a sig-
nificantly shorter duration (median of 6 vs. 13 
days, P = 0.018). In the 27 patients who had 
recorded an output prior to sclerotherapy 
or INL/LE, the pre-procedure output (378 vs. 
101 mL, P = 0.005) and change in the output 
after the first procedure (315 vs. 69 mL, P = 
0.002) were higher in the INL/LE group. In the 
sclerotherapy group, the sclerosants were 
used as per the operator’s discretion and in-
cluded absolute ethanol (18 times, median 
volume of 9 cc), sodium-tetradecyl sulfate 
3% (four times, median volume 6.5 cc), pov-
idone iodine (three times, median volume 
of 10 cc), doxycycline (one time, volume 
of 20 cc), and a combination of sclerosants 
was used four times (absolute ethanol three 
times, STS 3% one time, povidone iodine was 
used in the post-procedure drain flushes in 
the outpatient setting). No statistically sig-
nificant difference was noted in the rate of 
adverse events between both groups (Table 
3). Post-procedure pain and fever were not-
ed in patients within both groups. The drain 
was clogged and had to be changed in three 
patients after INL/LE. Ipsilateral lower limb 
edema that resolved with conservative treat-
ment was noted after INL/LE.

Discussion
The results show that INL/LE is associated 

with a higher clinical success rate after one 
procedure, fewer procedures for treatment, 
and a shorter drain dwell time. Those superi-
or results were in spite of a higher initial daily 
drain output.

Percutaneous drainage and sclerothera-
py have long been the standard treatment 
of symptomatic lymphoceles due to su-
perior outcomes compared with drainage 
alone.3,5,10,11 To the authors’ knowledge, no 
specific sclerosant has been proven to be 
superior to others.5,7 Multiple studies have 
shown the efficacy of INL/LE in the treatment 
of lymphoceles; INL alone was associated 

Figure 3. A 61-year-old male with a history of prostatectomy and pelvic lymphadenectomy presenting with 
pelvic pain and right lower extremity edema. (a) Computed tomography of the abdomen and pelvis showing 
right pelvic fluid collection (white arrow) compressing the external iliac vein. Consistently high output of the 
drain noted (200 cc/day). (b) Ultrasound-guided access in one of the right inguinal lymph nodes with the 
needle tip placed at the corticomedullary junction (dotted white arrow). (c, d) Fluoro spot images before 
and during intra-nodal lymphangiography showing the focal area of contrast extravasation within the 
expected location of the collection (black arrow). Leak confirmed by flushing and aspirating the drain (not 
shown). (e) Access obtained under fluoroscopy to the lymph node closest to the leak (dotted black arrow). 
Position confirmed by injecting 5% dextrose, and then embolization was performed with 0.33 cc of n-butyl 
cyanoacrylate/lipiodol mixture (1:4). The output dropped, and the drain was removed 7 days later.

Table 2. Clinical outcomes of the procedure

INL/LE Sclerotherapy P value

Clinical success after the first procedure (%) 24 (83) 8 (47) 0.011

Number of additional procedures (%)
1
2

4 (14)
1 (3)

5 (29)
4 (24)

0.026

Time from the first INL/LE or sclerotherapy procedure 
to drain removal in days (range) 6 (1–41) 13 (5–57) 0.018

Mean pre-procedure output in mL (standard 
deviation) 378 (332) 101 (77) 0.005

Mean change in output in mL (standard deviation) 315 (257) 69 (54) 0.002

INL/LE, intranodal lymphangiography and lymphatic embolization.
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with clinical success in around 70% of cases, 
which dropped to 35% in cases with high 
outputs (>500 mL/day).12-14 When combined 
with LE, clinical success climbs up to 100% 
with an average drain dwell time of 5–7 
days.3,8,15-18 Concern for a lengthy procedure, 
similar to thoracic duct embolization proce-
dures, is unfounded, as lipiodol has to travel 
a much shorter distance to the site of leak-
age in the pelvis or retroperitoneum, rather 
than all the way to the cisterna chyli.3,8

There is a paucity of data comparing the 
two treatment approaches, which is the 
primary objective of this study. In their sys-
tematic review of literature, Ten Hove et al.3 
did not identify any studies comparing both 
modalities for the treatment of lymphoce-
les. However, they did note a higher pro-
portion of success and shorter duration of 
treatment in studies using INL/LE. Kim et al.9 

compared INL/LE with ethanol sclerotherapy 
in their cohort of 33 patients, which includ-
ed patients with chylous ascites in the INL/
LE group. They found a higher success rate 
with INL/LE of 83.3% compared with 43.8% 
with sclerotherapy, which they attributed to 
their institutional limitations on the number 
of procedures and duration of treatment. 
This is in line with the reported rate of clinical 
success after one sclerotherapy procedure of 
47% that was reported in this study, which 
increased to 77% after a second sclerother-
apy procedure. In the INL/LE group, clinical 
success after one procedure was 83%, which 
was significantly higher.

This head-to-head comparison empha-
sizes the difference in clinical success and, 
equally important, the difference in drain 
dwell time between the two treatment mo-
dalities. Percutaneous drainage catheters 
significantly affect patients’ quality of life, 

as they limit clothing and activities. In their 
study, Kim et al.9 noted a mean shorter drain 
dwell time with an INL/LE of 7.1 days vs. 12.3 
days in the sclerotherapy group. However, 
the difference was not statistically signifi-
cant. This study found a statistically signifi-
cant lower median drain dwell time of 6 days 
in the INL/LE group compared with 13 days 
in the sclerotherapy group, which can be at-
tributed to the larger sample size.

There were no major adverse events in 
either group. The incidence of mild or mod-
erate adverse events with sclerotherapy was 
10.7%, which is comparable to the incidence 
reported in the literature (0%–24%). There 
was no report of sclerosant extravasation, 
which is the most serious complication re-
ported in the literature.5,7,10,11,19-21 The com-
plication rate with LE was higher than the 
sclerotherapy group (26.4%) but not statis-
tically significant, and it was slightly higher 
than in other studies (8%–20%).9,14 Most ad-
verse events noted with LE were related to 
the drain occlusion having to be exchanged, 
which is why the authors advocate for ex-
changing the drainage catheter after LE in 
the same session. Ipsilateral lower limb ede-
ma was also noted in three patients in the LE 
group and is likely related to the occlusion 
of the lymphatic vessels draining that limb 
during embolization. In all cases, the edema 
resolved with compression stockings and no 
additional procedures, though it took up to 1 
year in one patient.

The main limitations of this study are its 
retrospective nature and small sample size. 
The choice of treatment modality was based 
on the operator’s preference, which intro-
duces a selection bias. INL/LE is a relatively 
novel procedure compared with sclerother-
apy, which also contributes to the selection 

bias; however, the authors controlled that 
factor by limiting the start date to 2017. The 
heterogeneity of the sclerotherapy tech-
nique is also a limitation of this study, but 
it reflects the real-world experience, where 
sclerotherapy techniques vary greatly be-
tween operators, even those within the same 
institution. The experience of the different 
operators with INL/LE is not homogeneous, 
even within this study, which can limit the 
generalization of the results to other settings 
with a smaller number of cases.

In conclusion, INL/LE is a safe and effective 
treatment for symptomatic lymphoceles that 
develop after oncological surgeries. It is asso-
ciated with a higher clinical success rate after 
the first procedure and shorter drain dwell 
time than sclerotherapy. A randomized, pro-
spective study comparing the two treatment 
modalities is needed to confirm these results.
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Video 1 link: https://www.youtube.com/watch?v=uWXhbp79P2A

Video 1. Fluoroscopy-guided lymph node access. The most proximal lymph node is targeted with the 20-gauge needle under fluoroscopic guidance. 

Video 2 link: https://www.youtube.com/watch?v=Kc2slfYC0RQ

Video 2. Dextrose 5% intranodal flush. Dextrose 5% is injected after needle placement to confirm an adequate needle position. Notice the flow of the lipiodol in the 
lymphatic vessels toward the leak as it gets pushed by the D5% flush. Also note the lymph node getting less dense as the lipiodol is pushed out of it.

Video 3 link: https://www.youtube.com/watch?v=_PtgyYyeikE

Video 3. n-butyl cyanoacrylate (n-BCA) embolization. The N-BCA/lipiodol combination fills the access lymph node and the lymphatic vessels, causing a leak and the 
complete embolization of the leaking vessel. Injection stopped when extra-nodal extravasation was noted.
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The role of (18F)-fluoro-D-glucose positron emission tomography/
computed tomography in the surveillance of abnormal myocardial 
energy metabolism and cardiac dysfunction in a rat model of 
cardiopulmonary resuscitation

Liming Pan 
Fan Zhang 
Yingqi Ran 
Lei Bi 
Hongjun Jin 
Lan Yao 

PURPOSE
To investigate the feasibility and usefulness of 2-deoxy-2-(18F)-fluoro-D-glucose positron emission 
tomography/computed tomography [(18F)-FDG PET/CT] as a novel examination in the surveillance 
of abnormal myocardial energy metabolism and cardiac dysfunction after cardiopulmonary resus-
citation (CPR).

METHODS
Thirteen male Sprague–Dawley rats were randomly divided into a sham group (n = 4), CPR group 
(n = 4), and trimetazidine (TMZ) + CPR group (n = 5). The expression levels of the myocardial injury 
marker cardiac troponin I (CTNI) in serum were tested at 6 hours after CPR or TMZ + CPR. The ejec-
tion fraction and fraction shortening were evaluated by echocardiography. (18F)-FDG PET/CT was 
used to measure the FDG uptake and the standardized uptake value (SUV) after CPR or TMZ + CPR 
for 6 hours. The intermediary carbohydrate metabolites of glycolysis including phosphoenolpyru-
vate, 3-phospho-D-glycerate, and the lactate/pyruvate ratio were detected through the multiple 
reaction monitoring approach. Simultaneously, the authors also tested the expression levels of the 
total adenosine triphosphate (ATP) and the key intermediate products of glucose ovidation as al-
pha ketoglutarate, citrate, and succinate in the myocardium.

RESULTS
The authors found that the aerobic oxidation of glucose was reduced, and the anaerobic glycolysis 
was significantly enhanced in the myocardium in the early stage of CPR. Meanwhile, the myocardial 
injury marker CTNI was upregulated considerably (P = 0.014, P = 0.021), and the left ventricular 
function of the animal heart also markedly deteriorated with the downregulation of ATP after CPR. 
In contrast, myocardial injury and cardiac function were greatly improved with the increase of ATP 
in the CPR + TMZ group. In addition, aerobic glucose oxidation metabolites were significantly in-
creased (P < 0.05) and anaerobic glycolysis metabolites were significantly decreased (P < 0.05) after 
CPR in the myocardium. Surprisingly, (18F)-FDG PET/CT could track the above changes by detecting 
the FDG uptake value and the SUV.

CONCLUSION
Glucose metabolism is an essential factor for myocardial self-repair after CPR. (18F) FDG PET/CT, as 
a non-invasive technology, can monitor myocardial energy metabolism and cardiac function by 
tracking changes in glucose metabolism after CPR.

KEYWORDS
Cardiac function, cardiopulmonary resuscitation, glucose metabolism, myocardial energy metab-
olism, (18F)-FDG PET/CT
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Myocardial dysfunction remains a 
leading problem in the early pe-
riod following the return of spon-

taneous circulation (ROSC) after cardiac 
arrest. Post-resuscitation myocardial injury 
is evidently due to oxidative stress, calcium 
overload, neutrophil accumulation, micro-
vascular damage, and abnormal energy me-
tabolism, among other causes.1-3 As one of 
the most common pathological mechanisms 
after the ROSC, energy metabolism disorder 
in the myocardium leads to a series of det-
rimental changes in the energy supply and 
substrate metabolism related to the regu-
lation of mitochondrial function, oxidative 
stress, and inflammation.4,5

Glucose and fatty acids are important en-
ergy substrates for myocardial metabolism.6 

Sixty to seventy percent of the energy re-
quired for cardiac contraction under normal 
physiological conditions is mainly furnished 
by the oxidative metabolism of fatty acids, 
with the remainder predominantly from 
glucose.7 The metabolism of fatty acids and 
glucose undergoes adaptive changes in the 
myocardium due to ischemia-reperfusion 
injury after cardiopulmonary resuscitation 
(CPR). The rate of aerobic oxidation of free 
fatty acids and glucose in cardiomyocytes is 
decreased, yet the rate of anaerobic glycol-
ysis is enhanced.8,9 Glucose anaerobic me-
tabolism becomes progressively more main-
stream in the heart after the ROSC. Some in 
vitro experiments demonstrated that early 
intervention in cardiac metabolism disorder 
attenuated myocardial damage and dys-
function. Therefore, it is crucial in the clinical 
setting to detect myocardial metabolism 
conditions in real-time to evaluate the latent 
cardiac injury and make optimum treatment 
plans during the ROSC. Nevertheless, there is 
no proven technique to track cardiac metab-
olism changes after CPR.

2-deoxy-2-(18F)-fluoro-D-glucose [(18F)-
FDG], as an analog of glucose, is transported 
into the cell by facilitated diffusion and is 
phosphorylated to (18F)-FDG-6-phosphate.10 

Once inside the cardiac myocyte, (18F)-FDG-
6-phosphate is not metabolized further and 
has the potential to track glucose uptake and 
glycolysis.11-14 The glucose analog 2-(18F)-flu-
oro-2-deoxy-D-glucose was used to quantify 
glucose uptake and glycolytic activity in na-
tive and transplanted hearts. (18F)-FDG pos-
itron emission tomography/computed to-
mography (PET/CT) has been widely used to 
identify malignant neoplasms by evaluating 
aerobic glycolysis conditions in cancer cells. 
In the present study, the authors investigate 
whether metabolic disorders of cardiac cells 
can be traced and detected by (18F)-FDG PET/
CT to estimate myocardial impairment and 
prognosis, given the vital role of abnormal 
glycolysis in the myocardium after CPR.

Methods

Ethics statement

This study was approved by the Laborato-
ry Animal Management Committee prior to 
all animal experiments (no: 00053). 

Animal model

All rats (males aged 18–20 weeks, body-
weight of 350 ± 25 g) were purchased from 
the Animal Care and Use Committee. All rats 
were randomly divided into the sham group 
(n = 4), CPR group (n = 4), and trimetazidine 
(TMZ) + CPR group (n = 5). The three groups 
of animals were fed normal feed for the first 
two weeks to adapt to the environment, 
and then the establishment of CPR model 
animals began. Animals were anesthetized 
with sodium pentobarbital (45 mg/kg) by 
intraperitoneal injection and then were sub-
jected to ventilator-assisted breathing (rate 
of 50 breaths/minute, volume of 0.6 mL/100 
g, fraction of inspired oxygen of 0.21). A poly-
ethylene (PE)-50 catheter was inserted from 
the right carotid artery into the right ven-
tricle. Another PE-50 catheter was inserted 
into the aorta from the left femoral artery for 
hemodynamic and arterial pressure monitor-
ing.15 A 4F PE catheter was inserted into the 
right external jugular vein and into the right 
atrium for electrical induction of ventricular 
fibrillation (VF).

The cardiac rhythm of the rats was mon-
itored by electrocardiogram (ECG) and re-
corded on ECG drawings. The rats’ body 
temperature was maintained at 36.8 ± 0.2°C 
throughout the experiment. Hemodynamic 
data were recorded by a WinDaq data ac-
quisition system (DataQ, Akron, Ohio). Then, 
the 60 Hz current was gradually increased 
to a maximum of 3 mAs to the right ventri-

cle endocardium through the guidewire in-
serted into the right ventricle to induce VF. 
Mechanical ventilation was stopped, and 
the induced current was maintained for 8 
minutes after the onset of VF. After 8 minutes 
of untreated VF, CPR (chest compression of 
250 beats/minute, with adjustment of chest 
compression depth by maintaining aortic 
pressure between 26 and 28 mmHg) and me-
chanical ventilation (100% oxygen, compres-
sion-to-ventilation ratio of 5:1) were started. 
After 2 minutes of CPR, 0.1 mL of epinephrine 
(0.1 mg/mL) was injected into the left femo-
ral artery. After 4 minutes of CPR, a 3-J bipha-
sic waveform shock was started at 60-second 
intervals until the heart rhythm returned to 
normal. CPR was declared a failure if the rat 
still had no ROSC after 10 minutes of CPR. Af-
ter CPR, the rats in the experimental group 
were given an intraperitoneal injection of 
TMZ at 10 mg/kg, while the control group 
was given an intraperitoneal injection. Af-
ter the ROSC, the oxygen concentration re-
ceived by the animal through mechanical 
ventilation gradually decreased from 100% 
to 21% and was monitored for 3 hours.16 The 
ROSC was defined as an organized rhythm 
with an average aortic pressure of 60 mmHg 
lasting at least 10 minutes or longer.17

Serological testing

Whole blood (200 μL) was collected 
from rats via the retro-orbital plexuses into 
Eppendorf tubes containing ethylenedi-
aminetetraacetic acid. The plasma was sep-
arated by centrifugation at 4.000 rpm for 15 
minutes and stored at -80°C until assayed. 
The levels of cardiac troponin I (CTNI) were 
measured using the CTNI Assay Kit according 
to the manufacturer’s instructions.

Echocardiography and hemodynamics

Transthoracic echocardiography (a Vevo 
3100 Imaging System with an advanced ul-
tra-high-frequency ultrasound) for small an-
imal research was performed. Then, the left 
ventricular ejection fraction (EF) and fraction 
shortening (FS) of the left ventricle were 
measured. The mean values were obtained 
from at least three different cardiac cycles.

Targeted myocardial metabolomics analy-
sis

Targeted metabolomics analysis based on 
the multiple reaction monitoring approach 
was performed to determine the number 
of myocardial metabolites. The analysis of 
targeted energy and glucose metabolism 
markers was performed by Shanghai Applied 
Protein Technology Co. Ltd. Briefly, 40 mg 

Main points

• Impaired energy metabolism was closely 
related to myocardial damage after cardio-
pulmonary resuscitation (CPR).

• Abnormal glycolysis is an important man-
ifestation of myocardial damage after CPR.

• (18F)-fluoro-D-glucose positron emission to-
mography/computed tomography can be 
used to evaluate myocardial damage after 
CPR by monitoring abnormal glucose me-
tabolism.
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of cardiac tissue was preconditioned with 
2000 μL of cool ultrapure water for multi-
pass homogenization. Then, 800 μL of pre-
cooled methanol/acetonitrile (1:1, v/v) was 
added, and the mixture was sonicated in an 
ice bath for 30 minutes and incubated for 1 
hour at −20°C to precipitate the proteins. The 
samples were subsequently centrifuged at 
14,000 rcf for 20 minutes at 4°C, and the su-
pernatants were collected. Finally, the anal-
ysis of supernatants was performed on an 
Agilent 1290 Infinity LC system coupled with 
an AB 5500 QTRAP mass spectrometer in the 
negative ion mode, followed by the identi-
fication and quantification of targeted me-
tabolites, including adenosine triphosphate 
(ATP), lactate, phosphoenolpyruvate (PEP), 
3-phospho-D-glycerate, pyruvate, succinate, 
citrate, and alpha-ketoglutarate (AKG).

PET imaging

A special micro-PET/CT scanner (United 
Image Inc., Shanghai, China) was used for 
this experiment. To further explore the role of 
myocardial energy metabolism in the heart 
after CPR, the authors performed dynamic 
(18F)-FDG PET imaging in 40 rats. The animals 
had fasted for 12 hours before the experiment, 
but they could drink water freely, and each rat 
was fed separately to avoid eating each other’s 
food. Fasting blood glucose was measured in 
all rats via the tail vein before imaging, and the 
fasting blood glucose was in the range of 140–
160 mg/dL. All experimental animals were ad-
ministered (18F)-FDG (4.63 MBq) intravenously. 
PET imaging of anesthetized rats (sodium pen-
tobarbital, 45 mg/kg) was performed using a 
micro-PET/CT hybrid scanner. All PET images 
were reconstructed using two iterations of 
the three-dimensional ordered subset expec-
tation-maximization algorithm (12 subsets) 
and 18 iterations of the accelerated version of 
3D-MAP (i.e., FASTMAP), with a matrix size of 
128 × 128 × 159. Attenuation correction was 
applied to datasets from CT images acquired 
just before each PET scan. No partial volume 
corrections were performed. Dynamic PET 
scans were acquired in list mode format over 
90 minutes, starting just prior to the radio-
tracer injection. The resulting data were sort-
ed into 0.5-mm sinogram bins and 19-time 
frames for image reconstruction (4 × 15 s, 4 × 
60 s, 11 × 300 s). For subsequent studies, static 
PET scans (10 minutes) were acquired at ~70 
minutes after injection of the radiotracer. PET 
images were analyzed by a PET radiologist and 
senior PET technologist with >5 years of expe-
rience in quantifying pulmonary (18F)-FDG PET 
uptake.

Statistical analysis

IBM SPSS statistics 19.0 software (SPSS 
Inc., Chicago, IL, USA) was used to analyze the 
data. The Kolmogorov–Smirnov test was used 
to determine whether the data conformed to 
a normal distribution. Numerical variables 
with a normal distribution were represent-
ed as mean ± standard deviation values and 
categorical variables as numbers (n). A One-
Way ANOVA was performed to compare more 
than two groups. The unpaired two-sample 
t-test was used for a two-group comparison. 
Statistical significance was defined as a two-
tailed value of P < 0.05.

Results
The myocardial injury markers, interme-

diary carbohydrate metabolites of glycol-
ysis, key intermediate products of glucose 
oxidation, SUVs, and cardiac dysfunction 
parameters of the sham, CPR, and CPR + 
TMZ groups are presented in Table 1. To 
explore the effect of energy metabolism 
on the heart after CPR, the authors first 
successfully established a rat CPR model. 
The serological test results showed that 
compared with that in the sham group, 
the expression of CTNI in the serum of an-
imals after CPR increased significantly (P 
= 0.014, Figure 1a). Echocardiography and 
hemodynamic measurements showed that 
CPR treatment induced lower EF% and FS% 
than sham treatment (P = 0.000, Figure 

1c, d). Meanwhile, the level of the energy 
metabolism marker ATP was remarkedly 
downregulated in the hearts of animals 
after CPR for 6 hours (P = 0.01, Figure 1b). 
The level of total ATP was remarkedly up-
regulated in the hearts of TMZ + CPR rats 
compared with CPR rats (P = 0.034, Figure 
1b). Interestingly, with the increase in total 
ATP expression level, the tail venous blood 
of all rats was collected for testing, and the 
results showed that the CTNI level was sig-
nificantly attenuated in the hearts of TMZ 
+ CPR rats (P = 0.021, Figure 1a). In addi-
tion, echocardiography and hemodynamic 
measurements revealed that after CPR with 
TMZ the animals treated had higher EF% (P 
= 0.065, Figure 1c) and FS% (P = 0.165, Fig-
ure 1d) than those of CPR rats for 6 hours. It 
could be observed from the figure (Figures 
1c, d) that EF% and FS% in the CPR + TMZ 
group were higher than the CPR group for 6 
hours, but the difference was not significant 
after statistical analysis. This unsatisfactory 
result might be due to the small sample size 
and the short observation time. Because 
echocardiography and hemodynamic mea-
surements revealed that after CPR with TMZ 
the rats had remarkedly higher EF% (P = 
0.026, Figure 1c) and FS% (P = 0.014, Figure 
1d) than the rats treated only with CPR for 
24 hours. These data showed that energy 
metabolism was an essential factor in myo-
cardial damage and cardiac function in the 
heart after CPR.

Figure 1. (a-d) Energy production and function are significantly impaired in the heart after cardiopulmonary 
resuscitation (CPR). (a) Expression levels of cardiac troponin I in the hearts of wild-type rats was detected 
with Assay Kit I after sham, CPR, and trimetazidine (TMZ) + CPR treatment for 6 hours (n = 4–5 rats per 
experimental group, #P < 0.05 vs. CPR 6 hours); (b) the results of the multiple reaction monitoring approach 
showed the levels of energy metabolism marker adenosine triphosphate in wild-type rats after TMZ + CPR, 
CPR, and sham treatment for 6 hours (n = 4–5 rats per experimental group, #P < 0.05 vs. CPR 6 hours); (c, 
d) Statistical results for the parameters of the echocardiographic results, including ejection fraction and 
fraction shortening in wild-type rats after sham surgery, CPR, and TMZ + CPR for 6 or 24 hours (n = 3 rats per 
experimental group, #P < 0.05 vs. CPR 24 hours).

a
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Abnormal glycolysis is an important man-
ifestation of myocardial damage after CPR.

After CPR, targeted metabolomics anal-
ysis results showed that the expression 
of PEP (P = 0.014, Figure 2a) and 3-phos-
pho-D-glycerate (P = 0.000, Figure 2b) were 
significantly upregulated in myocardial tis-
sue after CPR for 6 hours. And the lactate/
pyruvate ratio also increased (P = 0.000, 
Figure 2c). The expression of AKG was sig-
nificantly downregulated (P = 0.034, Figure 
2d). In addition, the expression of succi-
nate (P = 0.009, Figure 2e) and citrate (P = 
0.003, Figure 2f ) were significantly upreg-
ulated in myocardial tissue after CPR for 6 
hours. These data suggested that glucose 
metabolism was altered considerably, and 
the degree of aerobic glucose metabolism 
may be significantly reduced. Nevertheless, 
anaerobic glycolysis may be dramatically 
augmented in the myocardium after CPR. 
In addition, TMZ treatment significantly 
declined the levels of PEP (P = 0.038, Figure 
2a) and 3-phospho-D-glycerate (P = 0.005, 
Figure 2b) in the hearts of rats after CPR 
for 6 hours. The expression of succinate (P 
= 0.026, Figure 2e) and citrate (P = 0.002, 
Figure 2f ) were significantly decreased in 
TMZ-treated rats after CPR for 6 hours. And 
the expression of AKG was significantly up-
regulated (P = 0.006, Figure 2d). Moreover, 
the lactate/pyruvate ratio also decreased (P 
= 0.026, Figure 2c). Furthermore, the total 
ATP expression was significantly increased 
in the hearts of TMZ-treated rats compared 
with control rats (P = 0.034, Figure 1b). All 
results comprehensively prompted that 
aerobic glucose metabolism may be ame-
liorated, but anaerobic glycolysis may be di-
minished in the myocardium of TMZ-treat-
ed rats after CPR. With the improvement 
in glucose metabolism, energy production 
was significantly increased in the heart after 
CPR. Collectively, the glucose metabolism 
in the myocardium was very important to 
myocardial energy metabolism after CPR.

To further explore the effect of glucose 
metabolism on the heart after CPR, the au-
thors measured the glucose uptake of the 
rat heart 6 hours after CPR by the (18F)-FDG 
PET/CT non-invasive technique. (18F)-FDG 
PET/CT imaging showed higher FDG uptake 
in the heart after CPR for 6 hours compared 
to that in sham hearts (Figure 3a). The re-
sults showed that the value of standardized 
uptake value (SUV) was dramatically high-
er in rats after CPR for 6 hours (P = 0.000, 
Figure 3b). On the contrary, (18F)-FDG PET/
CT data showed that TMZ-treated rats after 
CPR for 6 hours exhibited remarkedly lower 
FDG uptake and SUV values (P = 0.000, Fig-
ure 3a and b). 

Figure 3. (a, b) (18F)-fluoro-D-glucose (FDG) positron emission tomography/computed tomography 
[(18F)-FDG PET/CT] can monitor the changes in cardiac function and myocardial energy metabolism after 
cardiopulmonary resuscitation (CPR) by tracking glucose metabolism. (a) (18F)-FDG PET/CT imaging showed 
FDG uptake after sham, CPR, and trimetazidine (TMZ) + CPR treatment for 6 hours (n = 3 rats per experimental 
group, #P < 0.05 vs. CPR 6 hours); (b) Statistical results for the value of standardized uptake value in the hearts 
of TMZ-treated wild-type rats after CPR or sham treatment for 6 hours (n = 3 rats per experimental group, #P 
< 0.05 vs. CPR 6 hours). 

a

b

Figure 2. (a-f) Glucose uptake and abnormal glycolysis are significantly enhanced in the animal heart after 
cardiopulmonary resuscitation (CPR). (a, b) Expression levels of phosphoenolpyruvate and 3-phospho-D-
glycerate were increased in the hearts of wild-type rats, detected with the multiple reaction monitoring 
(MRM) approach after sham, CPR, and trimetazidine (TMZ) + CPR surgery for 6 hours (n = 4–5 rats per 
experimental group, #P < 0.05 vs. CPR 6 hours); (c) the lactate/pyruvate ratio was detected after sham, CPR, 
and TMZ + CPR surgery for 6 hours. (n = 4–5 rats per experimental group, #P < 0.05 vs. CPR 6 hours); (d-
f) The results of the MRM approach showed the expression of alpha-ketoglutarate, succinate, and citrate 
in Sprague-Dawley rats’ hearts after sham, CPR, and TMZ + CPR treatment for 6 hours. (n = 4–5 rats per 
experimental group, #P < 0.05 vs. CPR 6 hours).
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Discussion
In this research, the authors’ findings 

showed that the non-invasive (18F)-FDG PET/
CT technology could predict early changes 
in myocardial damage and cardiac function 
by tracking glucose metabolism in the heart 
after CPR. In the initial stage of the experi-
ment, the authors successfully established a 
rat CPR model and found that the total ATP 
decreased significantly in the heart after CPR. 
This finding suggested that myocardial ener-
gy metabolism was dysfunctional after CPR. 
Furthermore, myocardial damage was aggra-

vated, and heart function was significantly 
attenuated with decreased ATP expression 
levels. Subsequently, the authors tested the 
important intermediate products of aerobic 
oxidation and anaerobic glycolysis of glu-
cose. As a result, it was found that the aerobic 
oxidation of glucose may be reduced, and 
anaerobic glycolysis may be significantly en-
hanced in the myocardium in the early stage 
of CPR. The authors used TMZ to increase the 
aerobic oxidation of glucose to further clarify 
the role of glucose metabolism in the myo-
cardium after CPR. The results revealed that 
myocardial damage was also significantly re-

duced, and cardiac function was significant-
ly improved with the significantly increased 
ATP levels. These data indicate that the func-
tional status of the myocardium after CPR 
was closely related to glucose metabolism. 
Therefore, the authors successfully tracked 
the changes in glucose metabolism and car-
diac function in the heart after CPR through 
the measurement of the myocardial glucose 
uptake rate and the SUV value by (18F)-FDG 
PET/CT.

In the past decades, many studies have 
shown that glucose and fatty acids are im-

Table 1. Comparison of the myocardial injury marker,  intermediary carbohydrate metabolites of glycolysis, key intermediate products of 
glucose oxidation, SUVs, and cardiac dysfunction between the groups

Variable Groups P

Myocardial injury marker Sham
(Mean ± SD)

CPR 6 h
(Mean ± SD)

CPR + TMZ 6 h
(Mean ± SD)

CTNI 9.25 ± 1.49 24.69 ± 9.49 10.59 ± 0.55 Sham vs. CPR 6 h, 0.014
CPR 6 h vs. CPR + TMZ 6 h, 0.021

The intermediary carbohydrate metabolites of glycolysis

PEP 6180136.89 ± 1903793.06 23823999.4 ± 5506351.51 11686084.23 ± 
3499530.67

Sham vs. CPR 6 h, 0.014
CPR 6 h vs. CPR + TMZ 6 h, 0.038

3-phospho-D-glycerate 1763595.05 ± 267659.74 4636341.47 ± 502118.8 2937035.57 ± 
474740.75

Sham vs. CPR 6 h, 0.000
CPR 6 h vs. CPR + TMZ 6 h, 0.005

Lactate/pyruvate ratio 394.19 ± 30.62 605.2 ± 80.13 509.18 ± 44.22 Sham vs. CPR 6 h, 0.000
CPR 6 h vs. CPR + TMZ 6 h, 0.026

The key intermediate products of glucose oxidation

AKG 2418330.11 ± 319828.6 1673549.55 ± 160275.97 2324160.51 ± 
245632.42

Sham vs. CPR 6 h, 0.034
CPR 6 h vs. CPR + TMZ 6 h, 0.006

Citrate 102137.4 ± 9345.74 150015.51 ± 13696.5 100833 ±23156.7 Sham vs. CPR 6 h, 0.003
CPR 6 h vs. CPR + TMZ 6 h, 0.002

Succinate 90700.06 ± 9145.65 138561.3 ± 15226.47 101777.62 ± 
10572.9

Sham vs. CPR 6 h, 0.009
CPR 6 h vs. CPR + TMZ 6 h, 0.026

Energy marker

The total ATP 7953685.05 ± 861412.36 6515711.65 ± 600582.21 7566185.2 ± 
444470.3

Sham vs. CPR 6 h, 0.001
CPR 6 h vs. CPR + TMZ 6 h, 0.034

(18F)-FDG PET/CT

SUV 1.20 ± 0.06 2.51 ± 0.15 0.92 ± 0.29 Sham vs. CPR 6 h, 0.000
CPR 6 h vs. CPR + TMZ 6 h, 0.000

Variable Groups

Cardiac dysfunction Sham
(Mean ± SD)

CPR 6 h
(Mean ± SD)

CPR + TMZ 6 h
(Mean ± SD)

CPR 24 h
(Mean ± SD)

CPR + TMZ 24 h
(Mean ± SD) P

EF 68.17 ± 5.49 23.39 ± 10.35 37.19 ± 4.37 56.39 ± 
10.68 73.62 ± 7.6 Sham vs. CPR 6 h, 0.000

CPR 24 h vs. CPR + TMZ 6 h, 0.026

FS 38.88 ± 5.04 11.15 ± 5.13 18.22 ± 2.71 29.83 ± 7.65 43.91 ± 7.02 Sham vs. CPR 6 h, 0.000
CPR 24 h vs. CPR + TMZ 6 h, 0.014

TMZ, trimetazidine; SD, standard deviation; CTNI, cardiac troponin I; PEP, phosphoenolpyruvate; AKG, alpha-ketoglutarate; SUV, standardized uptake value; EF, ejection fraction; 
FS, fraction shortening; ATP, adenosine triphosphate; CPR, cardiopulmonary resuscitation; (18F)-FDG PET/CT, (18F)-fluoro-D-glucose positron emission tomography/computed 
tomography
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portant energy substrates for myocardial 
metabolism. Sixty to seventy percent of the 
energy required for cardiac contraction in 
myocardial metabolism is mainly generat-
ed by the oxidative metabolism of fatty ac-
ids.7,18,19 The rest of the energy was mainly 
derived from the supply of aerobic oxidation 
of glucose. However, the effects of changes 
in glucose metabolism in the myocardium 
after CPR remains poorly understood. It is 
well known that the most important metab-
olism of glucose is the decomposition into 
PEP, 3-phospho-D-glycerate, and pyruvate 
through glycolysis. Then, under aerobic con-
ditions, pyruvate enters the tricarboxylic acid 
cycle and gradually produces AKG, succinic 
acid, citrate, etc., producing more ATP in this 
process. Under anaerobic conditions, pyru-
vate enters the anaerobic glycolysis pathway 
to generate lactic acid and less ATP. Studies 
have also shown that the level of myocardial 
ATP is closely related to myocardial cell dam-
age and has a positive correlation with myo-
cardial contractile energy.20 Various factors, 
such as myocardial ischemia-reperfusion 
injury caused by energy metabolism disor-
ders after CPR, could lead to severe systolic 
dysfunction,21,22 and the severity of this in-
jury directly determines the patient’s prog-
nosis.23 Consistent with the results of these 
studies, the authors found that the lactate/
pyruvate ratio was significantly increased; in 
contrast, the level of AKG was significantly 
downregulated, while succinate and citrate 
were considerably upregulated increased 
in myocardial tissue after CPR. The increase 
in succinate and citrate after CPR was also a 
manifestation of mitochondrial energy me-
tabolism disorder. This disorder was related 
to the increase in reactive oxygen species 
generated from myocardial oxidative stress 
after CPR. This result showed that the role of 
anaerobic glycolysis in the energy supply of 
the myocardium might be greatly enhanced 
and the level of aerobic oxidation of glucose 
may be significantly reduced in the heart af-
ter CPR. The authors also found that PEP and 
3-phospho-D-glycerate in the rat myocardi-
um were significantly increased, indicating 
that glucose uptake in the myocardium was 
enhanced after CPR. Consistent with Liu et 
al.24 research results, glucose uptake in myo-
cardial ischemia and hypoxia was also ame-
liorated, even after the myocardial blood 
flow was restored. Although the authors 
test results showed that the total ATP level 
in the rat myocardium was significantly re-
duced compared to that in the sham group, 
myocardial glucose uptake was increased af-
ter CPR. This result suggested that the total 
energy supply to the myocardium was de-

creased, but the metabolism of glucose also 
underwent adaptive changes after CPR.

Interestingly, the myocardial injury mark-
er CTNI was upregulated significantly, and 
the left ventricular function of the animal 
heart also deteriorated significantly with the 
downregulation in ATP. As mentioned above, 
myocardial damage and cardiac function 
changes were closely related to myocardial 
energy metabolism. After CPR, glucose me-
tabolism in the myocardium also showed 
significant adaptive changes. These findings 
suggested that glucose metabolism might 
play an important role in CPR.

To further clarify the relationship between 
glucose metabolism and myocardial damage 
and cardiac function after CPR, TMZ, a regula-
tor to improve the aerobic oxidation of myo-
cardial glucose, was applied in this experi-
ment.25,26 TMZ mainly optimized the oxygen 
utilization process in the cell mitochondrial 
matrix and inhibited 3-KAT function while 
enhancing the activity of pyruvate dehydro-
genase to amplify the aerobic oxidation of 
glucose to ultimately optimize the energy 
supply of cardiomyocytes.27-30 The authors’ 
research results showed that the expression 
levels of intermediates (AKG, succinate, and 
citrate) of the tricarboxylic acid cycle were 
very close to those of the sham group, and 
the anaerobic glycolysis marker (the ratio 
of lactic acid to pyruvate) was significantly 
decreased in the TMZ intervention group 
compared with the CPR group. And the ex-
pression of ATP in the TMZ + CPR group was 
significantly upregulated. Surprisingly, with 
the increase in ATP expression levels, myo-
cardial damage and cardiac function were 
also significantly improved. There was a neg-
ative correlation between energy metabo-
lism and myocardial injury. Hence, enhanced 
anaerobic glycolysis after CPR played a role 
in protecting the myocardium.

In addition, it was interesting that the au-
thors’ study revealed that the expression lev-
els of PEP and 3-phospho-D-glycerate in the 
TMZ + CPR group were significantly lower 
than those in the CPR group. This result sug-
gested that myocardial glucose uptake was 
reduced in the TMZ + CPR group. Hence, the 
authors found that the myocardial glucose 
uptake rate could be used to predict or assist 
in monitoring the changes in myocardial in-
jury and cardiac function after CPR. Further-
more, the laboratory and cardiac ultrasound 
data collected in this study also supported 
this hypothesis.

The authors realized the importance of 
glucose metabolism to the myocardium af-

ter CPR through the above series of experi-
ments. Then, the authors further explored 
the possibility of basic theoretical research 
that could be applied to the clinic. (18F)-FDG 
PET/CT technology was used to track the 
footprint of glucose metabolism in cardiomy-
ocytes. (18F)-FDG is a radionuclide fluorine-la-
beled deoxyglucose that can track the initial 
processes involved in glucose metabolism, 
including glucose transmembrane transport 
and hexokinase-regulated phosphorylation 
in the heart.31 In myocardial cells, (18F)-FDG is 
phosphorylated into (18F)-FDG-6-phosphate, 
and the dephosphorylation process of FDG-
6-phosphate is very slow. It does not easily 
pass through the cell membrane and is not 
further metabolized through glycogen syn-
thesis and catabolism to stay in cardiomyo-
cytes.13 Therefore, the glucose metabolism of 
the myocardium could be measured by FDG 
PET imaging. In the authors’ experiment, the 
(18F)-FDG PET/CT results showed that the 
SUV value and FDG uptake after CPR were 
significantly higher than those of the control 
group. At the same time, the experimental 
group treated with TMZ had the opposite 
result.

In clinical diagnosis and treatment, the 
prognosis for patients after CPR is closely 
related to the location, scope, and degree 
of myocardial injury. The traditional blood 
test is affected by many factors and can only 
evaluate the degree of myocardial injury, 
while the location and scope of myocardial 
injury cannot be accurately evaluated. (18F)-
FDG PET/CT a non-invasive technology, can 
directly determine the location and scope of 
myocardial injury by monitoring glucose me-
tabolism changes in the myocardium to more 
accurately evaluate the prognosis and risk of 
patients after CPR. It is also possible that the 
changes in myocardial metabolism may be 
earlier than the abnormalities of myocardial 
blood perfusion. In this case, an earlier warn-
ing can be achieved through (18F)-FDG PET/
CT technology before traditional examina-
tions find myocardial damage and changes 
in cardiac function, thereby enabling early 
treatment and possibly improving prognosis.

There were some limitations to the au-
thors’ study. First, the myocardial glucose 
uptake can be affected by the levels of insu-
lin, fatty acids, and other substances. Any fol-
low-up study needs to increase the number 
of samples and evaluate the factors affect-
ing the (18F)-FDG uptake. Second, there was 
a certain proportion of CPR patients with 
diabetes. Such samples were not included 
in this study. Follow-up studies are needed 
to establish a CPR model with diabetes and 
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analyze the myocardial (18F)-FDG uptake of 
diabetes patients. Last, most medical insti-
tutions do not have the conditions for PET/
CT. Therefore, the authors can explore the 
relationship between magnetic resonance 
imaging or Doppler echocardiography and 
myocardial energy metabolism.

In conclusion, the present study confirms 
that anaerobic glycolysis acted as a protector 
in the heart after CPR, and the improvement 
in aerobic metabolism of glucose could at-
tenuate myocardial damage after CPR. Glu-
cose metabolism plays an important role 
in myocardial tissue repair after CPR. As a 
non-invasive imaging technique, (18F)-FDG 
PET/CT can track the footprint of glucose 
metabolism to evaluate the functional status 
of cardiomyocytes after CPR, which helps to 
better guide clinical treatment and prognos-
tic evaluation.
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Protection and optimization of patient radiation doses are key principles in the safe prac-
tice of diagnostic radiography.1 Ionizing radiation can result in deterministic or stochas-
tic effects on biological tissue,2 and radiation protection serves to eliminate or reduce 

deterministic effects and render the probability of stochastic effects as low as possible.3 Lead 
shielding has been used as a radiation protection tool since low levels of diagnostic radiation 
became implicated in late radiation responses approximately 80 years ago.4 Lead (or equiva-
lent) shielding is a radiation protection apparatus that can be directly applied to the patient 
either inside the field of view (FOV) to reduce the radiation dose to radiosensitive organs, or 
outside the FOV to protect the patient against scattered radiation. Despite this, several radia-
tion advisory bodies have recently published position statements advocating the curtailment 

PURPOSE
The purpose of this study was to evaluate the effect of outside-field-of-view (FOV) lead shielding on 
the entrance surface dose (ESD) of the breast on an anthropomorphic X-ray phantom for a variety 
of axial skeleton X-ray examinations.

METHODS
Using an anthropomorphic phantom and radiation dosimeter, the ESD of the breast was measured 
with and without outside-FOV shielding in anterior-posterior (AP) abdomen, AP cervical spine, oc-
cipitomental 30° (OM30) facial bones, AP lumbar spine, and lateral lumbar spine radiography. The 
effect of several exposure parameters, including a low milliampere-seconds technique, grid use, 
automatic exposure control use, wraparound lead (WAL) use, trolley use, and X-ray table use, on the 
ESD of the breast with and without outside-FOV shielding was investigated. The mean ESD (μSv) 
and standard deviation for each radiographic protocol were calculated. A one-tailed Student’s t-test 
was carried out to evaluate whether ESD to the breast was reduced with the use of outside-FOV 
shielding.

RESULTS
A total of 920 breast ESD measurements were recorded across the different protocol parame-
ters. The largest decrease in mean ESD of the breast with outside-FOV shielding was 0.002 μSv  
(P = 0.084), recorded in the AP abdomen on the table with a grid, OM30 on the table with a grid, 
OM30 standard protocol on the trolley, and OM30 on the trolley with WAL protocols. This decrease 
was found to be statistically non-significant.

CONCLUSION
This study found no significant decrease in the ESD of the breast with the use of outside-FOV shield-
ing for the AP abdomen, AP cervical spine, OM30 facial bones, AP lumbar spine, or lateral lumbar 
spine radiography across a range of protocols.
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Field of view, shielding, entrance surface dose, anthropomorphic phantom, wraparound lead, ra-
diography
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of the practice of using lead protection in di-
agnostic imaging.5-7

The “as low as reasonably practical 
(ALARP)” principle is based on the optimiza-
tion of patient radiation dose by balancing 
the benefit with the risk of the dose applied 
to obtain a diagnostically acceptable image.8 
Factors that can be considered when apply-
ing the ALARP principle include decreasing 
exposure time, increasing the distance be-
tween the source and object, and the use of 
shielding.8 The ALARP principle can be ap-
plied to both primary and secondary radia-
tion. The radiation dose in the primary beam 
is relatively high, 2% of which is directly ab-
sorbed by the patient.9 It has been suggested 
that lead shielding within the primary beam 
may increase the patient radiation dose in 
some instances by interfering with the au-
tomatic exposure control (AEC) and by mis-
placement or movement that may obscure 
pathology, potentially leading to overexpo-
sure and repeat exposures.5,10-12 However, this 
current study focuses on secondary radiation 
and so these factors were not of concern. 

Secondary radiation originates from the 
attenuation of primary radiation, includ-
ing scatter and extra-focal radiation.13 Lead 
shielding outside the FOV has been advo-
cated by many studies, with scatter radia-
tion reduced by more than 20% when lead 
shielding was used in mobile pediatric chest 
radiographs and breast dose reduced up to 
80% by breast shielding in anterior-posterior 
(AP) and lateral lumbar spine X-ray projec-
tions.14,15 While the later study included 100 
patients and 40 phantom measurements, 
only five pediatric patients were included in 
the former study, possibly limiting its gener-
alizability. The International Commission of 
Radiological Protection (ICRP) is of the con-
sensus that shielding more than 5 cm from 
the primary beam has a negligible effect 
on additional patient dose from secondary 

radiation.16 Furthermore, for the anatomy 
outside the FOV, radiation exposure results 
largely from internal scattering, which lead 
shielding cannot protect against.16 The Brit-
ish Institute of Radiology has reported that 
scattered radiation in projection radiogra-
phy often amounts to no more than 0.2% of 
overall patient radiation dose.5 This has led 
to the argument that radiographers should 
focus on the main source of patient radiation 
dose–the primary beam–by improving colli-
mation, increasing the distance, and individ-
ualizing doses by using the AEC. 

Breast tissue and the gonads have a tis-
sue weighting (wT) factor of 0.12 and 0.08, 
respectively, meaning that the relative risk 
of stochastic effects occurring in the breast 
is relatively high.17 The linear threshold mod-
el is used to estimate the risk from low-dose 
radiation exposure, which is endorsed by the 
United States National Academy of Sciences 
and the ICRP. According to this model, even 
the smallest dose of radiation can increase 
the risk of harmful effects proportionally, and 
there is no safe level of exposure.18 In a labo-
ratory setting, it was found that the number 
of double-strand breaks increased linearly 
with doses ranging from 1 mGy to 1 Gy in cul-
tured cells.18 Another investigation reported 
that exposure to a chest X-ray increases the 
risk of breast cancer by a factor of two, irre-
spective of age, at first exposure and by up to 
five times when carrying three or more rare 
variants in a deoxyribonucleic acid (DNA) 
repair gene.19 However, it is probable that 
the tissue and cellular response to radiation, 
including damage and repair, is influenced 
by specific trigger thresholds, hormesis, and 
hypersensitivity of a particular tissue.18 Both 
studies indicated that further research is re-
quired to identify subpopulations that are 
vulnerable to ionizing radiation, which in 
turn would be useful in a clinical setting.

When considering the radiosensitivity 
of breast tissue, the well-known breast can-
cer-carrying gene (BRCA1) and breast cancer 
gene 2 (BRCA2) mutations put some indi-
viduals, particularly those exposed before 
the age of 30 years, at an increased risk of 
breast cancer development from diagnostic 
levels of radiation.20 Due to the generation of 
an abnormal protein in individuals carrying 
a BRCA1 or BRCA2 gene mutation, they may 
not be able to fix this DNA damage, with 
72% of BRCA1 and 50% of BRCA2 healthy 
mutation carriers displaying a radiosensitive 
phenotype.21,22 A cohort study of 1.601 wom-
en carrying  BRCA1 and BRCA2 mutations 
reported an association between increased 
risk of breast cancer and exposure to chest 

X-rays [hazard ratio (HR): 1.54; P = 0.007]. This 
risk was higher in women aged 40 years and 
younger (HR: 1.97; P < 0.001).23

Although the cancer risk of any tissue 
reduces significantly with increased age, 
it should be noted that a single dose of 0.1 
Gy results in approximately 914 cases and 
70 cases of breast cancer per 100,000 when 
exposed at 5 years and 50 years, respective-
ly.24 Outside-FOV breast shielding in AP cer-
vical spine radiography was shown to reduce 
breast dose by 99.9% in a phantom study.25 
Additionally, Foley et al.26 demonstrated that 
breast displacement combined with lead 
shielding outside the FOV in computed to-
mography (CT) angiography reduced breast 
dose by 36%. However, a 23% reduction 
may be a result of displacement alone, with 
no data reported for shielding alone.26 It has 
been suggested that with the advancement 
in radiographic technology in the past 70 
years, fixed exposure systems have turned 
into modern, efficient direct digital systems 
that can use the AEC to control exposure 
level.27,28 This has resulted in a substantial 
decrease in entrance doses, from 12 mGy in 
the 1950s to now below 1 mGy.5 Therefore, it 
has been questioned whether other mecha-
nisms of dose optimization such as primary 
beam collimation and AEC use are more im-
portant.5,6

It has been reported that overall patient 
radiation dose for a standard AP pelvis radio-
graph has reduced by a factor of 60 between 
1900 and 2012.5,29-31 However, the number of 
diagnostic imaging examinations patients 
undergo has increased, leading to an in-
creased cumulative dose with two patients 
per 1.000 receiving a cumulative effective 
dose greater than 100 mSv in a 5-year peri-
od being reported in an international study 
on CT examinations.32 Therefore, despite the 
dose reduction for individual examinations, 
cumulative doses are increasing. As a result, 
low doses of scattered radiation outside the 
FOV are also increasing, contributing to the 
argument that outside-FOV lead shielding 
should still be considered in radiographic 
examinations, particularly for those known 
to be sensitive to radiation such as children 
and those with BRCA1/2 mutations. Current-
ly, the state of practice concerning the use 
of lead shielding differs throughout Europe, 
individual countries, and local departments. 
Due to recent publications, many radiog-
raphers are opting to use or not use lead 
shielding in X-ray examinations,5,6 and this in-
consistency has the potential to create con-
fusion and patient fear in a radiographer’s 
practice. It is generally agreed that a united, 

Main points

• The largest decrease in mean entrance 
surface dose (ESD) of the breast with out-
side-field of view (FOV) shielding was 0.002 
μSv (P = 0.084).

• This phantom-based study suggests that 
outside-FOV lead shielding of the breast 
does not significantly reduce ESD to the 
breast in anterior-posterior (AP) abdomen, 
AP cervical spine, occipitomental 30° facial 
bone, AP lumbar spine, and lateral lumbar 
spine radiography.

• Further studies are required to support the 
complete discontinuation of this radiation 
protection tool.
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definitive statement from regulatory bodies 
throughout Europe regarding the use of lead 
shielding would be useful to limit confusion 
and differing practices by radiographers.33

The current study aimed to investigate 
whether there is a reduction in the entrance 
surface dose (ESD) of the breast with the use 
of outside-FOV shielding for AP abdomen, 
AP cervical spine, occipitomental 30° (OM30) 
facial bones, AP lumbar spine, and lateral 
lumbar spine radiography across a range of 
parameters.

Methods

Experimental design

This study was conducted in the X-ray lab-
oratory in the Assert Building at University 
College Cork (UCC). The approval of the UCC 
Ethics Committee was not required for this 
research. All experiments were conducted 
using the Carestream Health Inc. DRX-Evolu-
tion Plus X-ray unit and the DRX Plus 3543C 
detector. A dosimeter (Quarta, RADEX ONE) 
was used to obtain the ESD of the breast on 
a whole-body anthropomorphic X-ray phan-
tom (PBU-50., Kyoto Kagaku) with dimen-
sions of 165 cm and 50 kg. Detailed phantom 
information can be found in the reference 
section.34 In the current experiment, the 
X-ray energy used in abdominal radiography 
was 75 kVp, lumbar spine and facial bone 
was 80 kVp, cervical spine was 70 kVp, and 
lateral lumbar spine was 90 kVp. 

Quality control

Quality control tests on the lead shield-
ing, X-ray tube output, and X-ray equipment 
were carried out before the study. The en-
tire surface area of the lead shielding apron 
(0.35 mm Pb/150 kV) and the WAL (0.25 mm 
Pb/150 kV) were placed on the detector and 
screened, and no defects were detected. 
Tube output variability was assessed by se-
curing the dosimeter to the breast region of 
the phantom 5 cm from the FOV, setting a 
fixed exposure, and irradiating the phantom 
10 times. All QA tests fell within expected tol-
erances.

Pilot study

A pilot study was conducted to assess do-
simeter placement stability, parameter selec-
tion, dosimeter reading variability, and phan-
tom positioning issues. It was found that the 
dosimeter required fixation to the phantom. 
Dosimeter reading variability fell within ac-
ceptable tolerances. It was established that 
the variable parameters would include a low 

milliampere-seconds (mAs) technique and 
the use of a grid, AEC, WAL, a trolley, and an 
X-ray table. The phantom could not be sup-
ported when erect or on its side; therefore, 
all projections were conducted in the supine 
position. 

Entrance surface dose measurements

The dosimeter was secured to the breast 
of the phantom in the midline. Outside-FOV 
shielding was placed on top of the dosimeter, 
or, in the case of WAL, wrapped around the 
phantom and dosimeter 5 cm or more from 
the FOV in all projections, as shown in Fig-
ure 1. The phantom underwent AP abdomi-
nal, AP cervical spine, OM30 facial bone, AP 
lumbar spine, and lateral lumbar spine radi-
ography. A standard set of exposure param-
eters, adapted from Bontrager’s Handbook 
of Radiographic Positioning and Techniques, 
were set for each projection.35 Based on the 
standard, a low mAs technique and the use 
of a grid, AEC, combined grid and AEC, WAL, 
a trolley, and an X-ray table were explored for 
each projection. The phantom was exposed 
10 times under each protocol, and the ESD of 
the breast and deviation index (DI) with and 
without outside-FOV shielding was recorded 
for each exposure.

Statistical analysis

The collected data underwent statistical 
analysis using Microsoft Excel 2019 (Micro-
soft Corp., Redmond, WA). The mean ESD of 
the breast with and without outside-FOV 
shielding for each projection was calculated. 
The standard deviation (SD) for each data set 

was also computed. A one-tailed Student’s  
t-test was conducted to determine whether 
a statistically significant difference was pres-
ent between the ESD of the breast with and 
without outside-FOV shielding for each pro-
jection. Statistical significance was defined 
as P < 0.05.

Results
The ESD of the breast for each protocol 

with and without outside-FOV shielding was 
collected and expressed as the mean and SD. 
A paired one-tailed t-test revealed that the 
use of outside-FOV shielding was not found 
to significantly reduce the ESD of the breast 
when compared with no shielding for any 
X-ray projection or parameter (P < 0.05). The 
SD of the mean ESD was considered low for all 
protocols, at between 0–0.006 μSv. Many of 
the deviation indices indicated overexposure 
of the phantom. A summary of the mean 
ESD data can be found in Table 1. For AP 
abdominal radiography, the largest decrease 
(0.002 μSv) in mean ESD of the breast was 
observed in the grid X-ray table protocol (P = 
0.084). In AP cervical spine radiography, the 
greatest reduction in mean ESD was report-
ed in the AEC X-ray table, WAL X-ray table, 
and grid trolley protocols, with a decrease of 
0.001 μSv (P = 0.172). For OM30 facial bone 
radiography, a 0.002 μSv decrease in mean 
ESD with the use of outside-FOV shielding 
was recorded in the grid X-ray table, stan-
dard trolley, and the WAL trolley protocols (P 
= 0.084). For the AP lumbar spine, the great-
est reduction in mean ESD was 0.001 μSv, 
observed in the grid X-ray table, standard 
trolley, low mAs trolley, grid trolley, and WAL 

Figure 1. The anthropomorphic phantom displaying the dosimeter placement and collimation for anterior-
posterior abdominal imaging (a) with the gonadal shield placed outside the field of view and (b) with no 
shielding. 
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trolley protocols (P = 0.172). The trolley grid 
and AEC protocol demonstrated the greatest 
decrease in mean ESD of 0.002 μSv for lateral 
lumbar spine radiography (P = 0.222).

Discussion
The use of outside-FOV shielding has long 

been employed as a radiation protection 
tool in diagnostic radiography.5,36 Numerous 
regulatory bodies have recently advocated 
the curtailment of its use, citing issues with 
efficacy, efficiency, patient comfort, and in-
fection control.5-7 This phantom-based study 
set out to examine whether breast shielding 
outside the FOV for AP abdomen, AP cervical 
spine, OM30 facial bones, AP lumbar spine, 
and lateral lumbar spine radiography re-
duced the ESD of the breast. 

In 2017, it was reported that radiology 
services in Ireland and internationally ex-
perience an annual 8%–10% increase in 
demand.37 Although radiation doses for 
individual examinations have decreased 
dramatically in the last century due to the 
advent of modern technology, the popula-
tion as a whole undergo more radiological 
examinations, thereby increasing an individ-

ual’s cumulative radiation dose.38,39 Children 
are particularly at an increased risk of radia-
tion-induced cancer development due to the 
increased rate at which their cells divide and 
their life expectancy post-exposure when 
compared to the adult population.40,41 Breast 
tissue is considered the most radiosensitive 
organ of the human body, with a wT of 0.12 
reported by the ICRP 103.16,42 Ionizing radi-
ation can lead to breaks in DNA, leading to 
cancer, thereby imposing an additional risk, 
on top of the intrinsic risk, of breast cancer 
development in individuals carrying BRCA1/2 
gene mutations.43 Therefore, the importance 
of radiation protection and dose reduction 
to the breast in all patients, especially in 
children and BRCA1/2 carriers, cannot be ig-
nored.

However, the present study reports no 
significant reduction in the ESD of the breast 
with the use of outside-FOV shielding for 
AP abdomen, AP cervical spine, OM30 facial 
bones, AP lumbar spine, or lateral lumbar 
spine radiography across all examined proto-
cols. The SD calculated for the protocols was 
considered acceptably low. Although the 
mean DI recorded in most protocols indicat-
ed overexposure, it must be considered that a 

55 kg phantom may not accurately represent 
the DI recorded for a standard-sized adult 
patient under the same parameters. Multiple 
studies and radiation advisory boards report 
that the dose to organs outside the FOV is 
almost entirely from internal scatter gener-
ated within the patient, which lead shielding 
cannot protect against.5,6,16,44-47 This research 
supports the view that shielding anatomy 
outside the primary beam provides negligi-
ble additional radiation protection in terms 
of breast ESD to the patient. Therefore, this 
study recommends alternative methods of 
reducing patient radiation doses, such as pri-
mary beam collimation, increasing distance, 
and the use of the AEC or patient-adapted 
exposure factors.

Interestingly, a study that reported a 
99.9% decrease in absorbed dose to the 
breast using outside-FOV shielding in AP 
cervical spine radiography utilized 2.5 mm Al 
filtration and 70 kVp.25 The present study uti-
lized no additional filtration with 70 kVp, im-
plying that more scatter was generated per 
exposure in the current study. This suggests 
that beam filtration was not a contributing 
factor to breast ESD in the current study. Due 
to the differing conclusions and no definitive 

Table 1. Summary of the data for each projection protocol

Protocol Lead AP abdomen Cervical spine OM30 facial bones AP lumbar spine Lateral lumbar spine

Standard table
No 0.031 0.021 0.031 0.030

Yes 0.030 0.021 0.030 0.031

Low mAs table
No 0.022 0.016 0.021 0.021

Yes 0.021 0.016 0.020 0.021

Grid table
No 0.032 0.021 0.032 0.031

Yes 0.030 0.021 0.030 0.030

AEC table
No 0.004 0.006 0.009 0.003 0.010*

Yes 0.004 0.005 0.009 0.004 0.010*

Grid and AEC table
No 0.012 0.009 0.029 0.010 0.024*

Yes 0.012 0.009 0.028 0.010 0.022*

Wraparound lead table
No 0.031 0.021 0.031 0.030

Yes 0.030 0.020 0.030 0.031

Standard trolley
No 0.032 0.021 0.032 0.032 0.056

Yes 0.031 0.022 0.030 0.031 0.055

Low mAs trolley
No 0.022 0.016 0.021 0.023 0.046

Yes 0.022 0.016 0.020 0.022 0.046

Grid trolley
No 0.031 0.022 0.031 0.032 0.055

Yes 0.031 0.021 0.030 0.031 0.056

Wraparound lead trolley
No 0.032 0.021 0.032 0.032 0.056

Yes 0.031 0.021 0.030 0.031 0.056

*Measurements were conducted on the trolley using the upright bucky. No data were found to be statistically significant (P < 0.05). AP, anterior-posterior; OM30, occipitomental 
30°; mAs, milliampere-seconds; AEC, automatic exposure control.
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reasons as to why this current study saw no 
significant reduction in ESD to the breast 
using outside-FOV shielding, one must also 
question if tube housing comes into play. 
This study utilized a Varex Imaging B-130H 
housing model type which has a permanent 
filtration of 0.7 mm Al/77 kV. This modern 
equipment may not be available due to a 
lack of resources in many parts of the world. 
Therefore, the relevance of this study’s find-
ings for worldwide consideration is ques-
tionable. Furthermore, many of the studies 
reporting a decrease in radiation dose with 
the use of outside-FOV shielding are almost a 
decade old and may not represent the most 
recent advancements in technology and its 
effect on patient radiation dose.14,15,26 One 
study has proposed that shielding outside 
the FOV may contribute to increased patient 
radiation dose as a result of shielding back-
scatter that reduces with distance from the 
primary beam.44 In contrast, additional radi-
ation dose due to the backscatter from lead 
shielding was not found in this study, as the 
addition of outside-FOV shielding or WAL did 
not significantly increase patient breast ESD 
for any protocol. However, it must be consid-
ered that in the present study, all shielding 
was placed 5 cm or more from the primary 
beam.

While the present study examined multi-
ple parameters across 920 exposures, further 
studies could explore the effect of varying 
kVp, shielding placement 0–5 cm from the 
primary beam, and the effects of outside-FOV 
breast shielding on other organs such as the 
lungs. Furthermore, infection control, pa-
tient discomfort, and manual handling is-
sues have been cited as reasons to abandon 
shielding use. The recent severe acute respi-
ratory syndrome-coronavirus-2 pandemic 
has increased radiographer awareness and 
has shown that infection prevention and 
control measures can be achieved in a busy 
hospital environment. Despite this, Yu et 
al.48 reported that the risk of infection due to 
outside-FOV lead shielding outweighed the 
0.7% dose reduction it provided in pediatric 
chest CT examinations. Of note, this study 
only examined one phantom the size of a 
5-year-old child, and the potential infection 
risk due to shielding contamination was not 
quantified. Additionally, an international sur-
vey found that lead shielding led to 25% of 
patients reporting discomfort due to shield-
ing weight or position.49 Undoubtedly, more 
studies are required in these areas. Finally, 
as breast shielding outside the FOV has the 
potential to induce a sense of security or im-
ply that radiation doses outside the area of 

interest are high, the psychological effects of 
breast shielding should also be explored.

Limitations to this research include sam-
pling bias associated with the use of a 55 
kg anthropomorphic phantom rather than 
human patients. Therefore, the results of this 
study may not accurately represent the X-ray 
attenuation and resulting ESD of the breast 
in patients of different weights (e.g., obese 
or pediatric patients) and densities (e.g., fi-
brous and glandular breast tissue). Future 
work should include a population study to 
validate or conflict with this study’s findings. 
Furthermore, unlike a similar study, this study 
did not involve placing radiation dosimeters 
in the four quadrants of the breast.26 Rather, 
the dosimeter was placed in the midline, at 
the level of the breasts. This may result in a 
loss of data regarding the ESD received in 
all regions of the breast. Additionally, only 
the ESD of the breast was measured. An or-
gan dose measured by thermoluminescent 
dosimeters inside the phantom may pro-
vide greater insight into the effects of out-
side-FOV shielding of the breasts. Combined, 
these limitations may limit the generalizabil-
ity to the human population. 

In conclusion, this phantom-based study 
suggests that outside-FOV lead shielding 
of the breast does not significantly reduce 
ESD to the breast in AP abdomen, AP cer-
vical spine, OM30 facial bone, AP lumbar 
spine, and lateral lumbar spine radiography. 
Further studies are required to support the 
complete discontinuation of this radiation 
protection tool. 
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Dear Editor,

I read with interest the original article entitled “Indeterminate pulmonary subsolid nod-
ules in patients with no history of cancer: growing prediction, CT pattern, and pathological 
diagnosis” by Guo et al.1 In this retrospective study, the authors assessed the growth patterns 
of indeterminate subsolid pulmonary nodules on computed tomography in patients with-
out a history of malignancy. The authors reported that the risk of pulmonary subsolid nodule 
growth increases by 4% each year in patients without a history of malignancy. They further 
stated that partial solid nodules have a three-fold greater risk of growth than non-solid nod-
ules, and that subsolid nodules with aggressive pathological features grow faster. Although 
these results are remarkable and make an essential contribution to the literature, I suggest a 
few points need to be clarified to ensure the reproducibility of this study and the reliability 
of the data.

First, the authors reported that 80 subsolid nodules in 77 patients were resected. However, 
they have specified only 77 pathological diagnoses, including 29 adenocarcinomas in situ, 29 
minimally invasive adenocarcinomas, 18 invasive adenocarcinomas, and one atypical adeno-
matous hyperplasia.1 There is a discrepancy in the number of resected and histopathological-
ly reported nodules in the study.

Second, Guo et al.1 reported that all indeterminate subsolid nodules in their study were 
pre-malignant or had malignant histopathology. However, according to the literature, the in-
cidence of malignancy in subsolid lung nodules is much lower than in the study of Guo et 
al.1 It is known that the presence and size of the solid component and the size of the subsol-
id nodule increase the risk of malignancy. The malignancy rate of non-solid nodules smaller 
than 1 cm is approximately 1%, whereas the malignancy rate of partial solid nodules with a 
solid component of ≥6 mm is around 20%.2-4 The frequency of malignancy in indeterminate 
subsolid lung nodules in the current study is inconsistent with that reported in the literature.
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The mistake have been made inadvertently by the author. 

In the article titled “Multiparametric MRI combined with liver volume for quantitative evaluation of liver function in patients with cirrhosis” 
with the DOI number 10.5152/dir.2022.211325, an Acknowledgements paragraph has been added after the Conclusion section on page 553, 
before the Conflict of Interest Disclosure information. The added Acknowledgements paragraph is below:
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