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Author Guidelines

GUIDELINES FOR SUBMISSION

A manuscript submitted to the Journal must constitute a
unique piece of work that is not previously published or under
consideration for publication, in part or whole, elsewhere.

Submissions should preferably be produced using Microsoft
Word, although other formats will be considered. Submissions
should be anonymized.

The submission process requires three discreet documents:

1. Cover Letter
2. Title Page
3. Manuscript (including Abstract, Tables and Figures)

Please ensure that the names and contact details of all authors
are entered on the online submission system.

Cover Letter

This should be written by the corresponding author and must
contain the following:

1. The type of manuscript submission (Original Article, Review
Article, etc).

2. Asentence or two on the subject of the study.

3. Confirmation that the study is not under consideration for
publication by another journal.

4. Confirmation that all of the authors have made a substantial
contribution to the manuscript and that they have seen and
approved the submission draft.

5. A conflict-of-interest statement regarding the authors.
Where there is none, this should be clearly stated. More
information about the Journal’s publication ethics can be
found on the journal webpage https://publicera.kb.se/
jevtm/policies.

6. A clear statement that the authors follow the ethical guide-
lines as stated on the Journal webpage.

Title Page
This should consist of the following:

Title: This should be concise and reflect the type and
purpose of the study.

. Authors: These should be listed in order for publication, with
first name, initials and surname.

«  Affiliations: The institution(s) that the authors are affiliated
with should be listed. Ensure that sufficient information
is included to identify the authors (full addresses are not
required).

«  Corresponding Author: This individual should be clearly
identified, along with one full institutional address and email
address.

«  Presentation: The meeting where any of the submitted data
was presented should be listed.

«  Disclosure: To disclose any official information.

«  Acknowledgements (Optional): Any acknowledgements that
you would like to include.

«  Conflicts of Interest (Compulsory): A conflict-of-interest
statement regarding the authors. Where there is none, this
should be clearly stated.

- Funding Declaration (Compulsory): Any grant funding
should be listed or it should be noted if no grant funds were
used.

. Author Contributions (Optional): All authors are expected to
have substantially contributed to the study and manuscript
writing (see https://publicera.kb.se/jevtm/policies).

Main Body

This should consist of text in 12 pts, double spaced with a
justified margin, written in US English. While each article type has
specified headings, the use of sub-headings is encouraged to aid
clarity. These should be formatted as follows:

Main Heading BOLD, FULL CAPITALS
Sub-Heading Bold and Italicized, Title Case
Sub-sub-heading Italicized, sentence case

Abstract

The abstract should be a maximum of 250 words and consist of
the following headings (but see specific manuscript types below
for exceptions):

«  Background
. Methods

. Results

. Conclusions

Keywords
Three to six appropriate keywords should be included.

References

References should follow the Vancouver Style and should be
noted in the text numerically in sequence within the text, using
square brackets, e.g.: [1] or [1,2] or [1-3].

Example references:

Stannard W, Rutman A, Wallis C, O'Callaghan C. Central
microtubular agenesis causing primary ciliary dyskinesia. Am J
Respir Crit Care Med. 2004;169:634-7.

Tang AL, Diven C, Zangbar B, et al. The elimination of anastomosis
in open trauma vascular reconstruction. J Trauma Acute Care
Surg. 2015; In Press. doi: XXXXXXXXXX.

Rasmussen TE, Tai NRM. Rich’s Vascular Trauma. 3rd ed.
Philidelphia: Elsevier; 2015.

Thamm DH. Miscellaneous tumors. In: Withrow S, Vail D, editors.
Small Animal Clinical Oncology. 5th ed. St. Louis: Elsevier; 2013.
pp. 679-88.

Where there are more than six authors, the first three should be
included followed by et al.

Figures/Tables

All figures/tables must be cited within the text, presented as
Figure 1, Figure 2a,b, Figures 1 and 2, and Table 1.

Figure captions should be styled as follows.
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Figure 1 Title of figure.
Details of figure described below. (@) First sub item. (b) Second
sub-item.

Table captions are styled similarly.

Supplementary Digital Content

Where manuscripts would benefit from additional content
(datasets, images, video) that does not necessarily need to be
included in the published article, supplementary digital content
(SDC) can be hosted. This includes, but is not limited to, tables,
figures, or video. Authors should include in their cover letter a
description of this content and its purpose. All supplementary
digital content should be cited within the text, presented

as e.g. Supplementary Video 1, Supplementary Dataset 1,
Supplementary Image 1 etc.

TYPES OF ARTICLES

All of the following article types are peer reviewed.

Original Articles

This is a report of a formal basic science or clinical research
study. Manuscripts reporting unique scientific studies should be
no longer than 5000 words for the main body of the text (from
introduction to conclusion, and excluding abstract, references,
tables and legends). They should consist of the following
sections:

« Introduction: This should concisely present the background
to the problem that the study hopes to answer. A hypothesis
should be clearly stated.

«  Methods: This section should be suitably detailed to
permit replication of the study. The regulatory permissions
for the study should also be detailed, e.g. Institutional
Review Board, ethical committee etc, including a protocol/
registration number. Where animal research has been
undertaken, the institutional animal care and use guidelines
that have been followed should be clearly stated.

+  Results:These should involve the reporting of the salient
positive and negative findings of the study in clear
language. The use of images, figures and tables are
encouraged, of which the data should not be duplicated in
the prose. There is no maximum number of figures or tables,
but these should be appropriate to the study. Numerical
results and P values should be reported to three decimal
places.

«  Discussion: This should place the reported study findings in
the context of the literature. Limitations and future direction
should also be discussed. Authors must be careful to ensure
that conclusions are not overstated and are supported by
data.

They should contain a structured abstract with a maximum of
250 words.

Editorials

Short, focused Editorials on an important aspect of endovascular
hemorrhage control are welcomed. These should endeavor to
bring attention to an important topic, or accompany an article
published within the Journal. The latter will be invited by the
Editor. Submitted manuscripts should be no longer than 1500
words. Abstracts are not included.

Narrative Reviews

This style of article can afford the author considerable latitude in
examining a pertinent topic in endovascular hemorrhage control.
The literature should be examined objectively and presented to
the reader in the context of current understanding. The author
should be able to synthesize a narrative, which leaves the reader
with a good understanding of an emerging or controversial topic.
The author is welcome (and encouraged) to express an opinion,
but where this is the case, it should be clearly stated.

The submitted manuscript should be no longer than 5000 words
for the main body of the text (from introduction to conclusion,
and excluding abstract, references, tables and legends). There

is no formal structure; however, the use of logical headings/
sub-headings is important to enable readers to follow the

article easily. The abstract should also be unstructured and be a
maximum of 150 words.

Systemic Reviews and Meta-Analyses

Where there is a topic within the subject area of endovascular
hemorrhage control that has a substantial evidence base, a
Systematic Review with/without a Meta-Analysis is considered
more appropriate than a narrative review article. These articles
should follow the methodology established by PRISMA. The
overall aim is to provide a pooled analysis that enables firm
conclusions to be drawn on a particular subject.

Submitted manuscripts should be no longer than 5000 words
for the main body of the text (from introduction to conclusion,
and excluding abstract, references, tables and legends). Authors
should include a PRISMA checklist in their submission. The
abstract should be no longer than 250 words.

Tips and Techniques

In the evolving world of endovascular hemorrhage control, the
advice and opinion of actively practicing clinicians is of great
importance. Both solicited and unsolicited submissions are
reviewed, both on major and minor components of endovascular
techniques. This can be presented in the context of “evidence”

or just as an opinion. The use of quality images and diagrams

is encouraged. This type of article permits the author to write
from experience, rather than from the published literature.
Articles explaining how to approach certain problems or how to
accomplish certain maneuvers are welcomed.

The submitted manuscript should be no longer than 1500 words
for the main body of the text (from introduction to conclusion,
and excluding abstract, references, tables and legends). The
abstract should be unstructured and be a maximum of 150
words.

Images of Interest

The Journal accepts images of interest accompanied by a
short commentary. The aim of this section is to demonstrate
and illustrate an educational message, rather than just to
demonstrate dramatic pathology. Images can be submitted as
a multi-panel with a series of scans/photographs in order to
support the message presented in the narrative.

The submitted manuscript should be no longer than 250 words
for the main body of the text, references excluded. Abstracts are
not included.

(Continued)



(Continued)
Case Reports

These are short case reports including current literature reviews.

The submitted manuscript should be no longer than 2000 words
for the main body of the text (from introduction to conclusion,
and excluding abstract, references, tables and legends). An
abstract can be included (under 150 words) but is not
compulsory.

Letters to the Editor

Letters to the Editor that comment on anything within the
Journal can be submitted for publication. Abstracts are not
included.

EVTM-ST Section

The EVTM-ST Section will be a section of each JEVTM edition
geared towards residents/fellows and education. The editors will
invite one trainee to submit an interesting case report, and invite
a reviewer to review and add a brief editorial. The editors should
not be authors nor reviewers. The components of the section will
include a standard case report presentation with figures of CT

or angio or anything interesting and pertinent. The discussion
should finish with a “what | learned” summary/bullet points for
education purposes. The brief editorial by the reviewer is the final
paragraph.

The submissions should be a maximum of 1500 words for the
main body of the text (from introduction to conclusion, and
excluding abstract, references, tables and legends). An abstract
can be included (under 150 words) but is not compulsory.

Conference Proceedings

Where a conference is affiliated to the Journal, the proceedings
will be published as agreed by the Editorial Board.

SUPPORT FOR LANGUAGE AND ARTICLE
CONTENT

The aim of the Journal, in addition to the dissemination of
peer-reviewed evidence, is to support English-second-language
authors and early career scientists. Provided that a submitted
manuscript has good scientific merit, the Journal is able to
provide a free language editing service. Furthermore, where
article content would benefit from high-quality figures, artwork
can be commissioned to support the publication.

AFTER ACCEPTANCE

Once your article has been accepted and undergone peer review,
it will be processed and you will receive the proofs.

COPYRIGHT AND LICENSING

Authors contributing to the JEVTM agree to publish their articles
under a Creative Commons CC BY 4.0 License, allowing third
parties to read and download, and to copy and disseminate for
non-commercial purposes. Articles will be published immediately
after the final corrections of the master proof have been made.
Authors retain copyright of their work and grant first publication
rights to the JEVTM.

PROOFREADING

The purpose of the proof is to check for typesetting or conversion
errors and the completeness and accuracy of the text, tables

and figures. Substantial changes in content, e.g., new results,
corrected values, title, and authorship, are not allowed without
the approval of the Editor-in-chief.

After online publication, further changes can only be made in the
form of an Erratum, which will be hyperlinked to the article.

ONLINE FIRST

The article will be published online after receipt of the corrected
proofs. This is the official first publication citable with the DOI.
After release of the printed version, the paper can also be cited
by issue and page numbers.

ACCESS

All articles in the JEVTM are open access and upon acceptance
are immediately and permanently free for everyone to read and
download.

ETHICS AND POLICIES

The JEVTM follows guidelines and best practices published by
professional organizations, including Recommendations for the
Conduct, Reporting, Editing, and Publication of Scholarly Work
in Medical Journals by ICMJE, and Principles of Transparency
and Best Practice in Scholarly Publishing (joint statement by
COPE, DOAJ, WAME, and OASPA). The Journal also follows

the guidelines for medical scientific publications (Vancouver,
Uniform Requirements for Manuscripts Submitted to Biomedical
Journals - URM - and The International Committee of Medical
Journal Editors - ICMJE - regulations).

The Journal is committed to maintaining the highest level of
integrity in the content published. The Journal has a conflict of
interest policy in place and complies with international, national
and/or institutional standards on research involving human and
animal participants and informed consent. The Journal follows
the Committee on Publication Ethics (COPE) regulations and
subscribes to its principles on how to deal with acts of misconduct,
thereby committing to investigate allegations of misconduct

in order to ensure the integrity of research. The Journal is part

of Similarity Check, a service that uses software tools to screen
submitted manuscripts for text overlap. If plagiarism is identified,
the COPE guidelines on plagiarism will be followed.

Content published in the Journal is peer reviewed (double blind
review process). Detailed information follows in the text below.

Authorship Criteria

All the authors named as such in the manuscript must have
agreed to authorship, read and approved the manuscript, and
given consent for submission and subsequent publication of the
manuscript.

Each author, and any co-authors, must also meet the following
criteria:

1. All must have made a significant contribution to the design
of the study, the collection of data, or the analysis and inter-
pretation of data and



2. All must, either by writing or by helping to edit the man-
uscript, have contributed to the design of its intellectual
content to a significant degree.

Each author must also be able to take responsibility for part of
the article’s content and be able to identify which co-authors are
responsible for the remaining parts.

The above text comes from the CODEX guidelines for research
publications.

Peer Review Policy

« Authors of manuscripts and reviewers of the same
manuscript must not be close colleagues, family members,
work on the same research project, or otherwise have a
close collaboration.

- Reviewers should only accept to assess manuscripts that fall
within their own subject area.

«  Reviewers should respond to invitations without delay and
submit completed reviews within a reasonable time.

- Reviewers'comments must not be influenced by the
author’s nationality, religious or political beliefs, gender or
commercial interests.

. Reviewers’ comments must not contain hostile or
provocative language and must not include personal
attacks, slander or other derogatory comments.

Author Self-Archiving

Article authors have the right to self-archive the submitted
(“preprint”) version of the manuscript and the published version
without any embargo period.

Submitted manuscripts and published versions of articles can, for
example, be archived on:

«  theauthor’s personal website

+  the author’s employer’s website and/or institutional
repository or archive

«  non-profit preprint servers or subject-based archives

Preprint Policy

The Journal’s editors allow authors to upload earlier drafts of
manuscripts/articles on the condition that authors agree to the
following:

«  Authors retain all rights to any previously published version
and are permitted to submit their updated manuscript to
the Journal.

+  Authors accept that the Journal’s editors cannot guarantee
full anonymity in the review process, even if the author
anonymizes the manuscript when earlier versions of the
manuscript are made available.

If the manuscript is published in the Journal, the author is
expected to cross-link, with DOI link, the different versions of the
manuscript/article.

Orcid

The Journal’s editors strongly recommend that authors
submitting manuscripts register an “Open Researcher and
Contributor Identifier” or ORCID.

This registration provides a unique and stable digital author
identity that ensures that the article is attributed to the correct

person and improves the searchability of all the author’s
publications. This helps to ensure that the author receives
recognition for their work. As a person’s ORCiD remains the
same as long as the account exists, any name changes, change
of employment, department affiliation or research field do not
affect the searchability of previous publications. This facilitates
correspondence between research colleagues.

The Journal’s editors encourage all authors to include ORCiD
along with other author information when the manuscript is
registered in the system. If the article is accepted, this will be
published with the article.

Open Data

As research funders'and universities’demands for open research
data become increasingly common, some authors may be
obliged to make their collected empirical material open and
available to everyone.

In cases where this applies to the Journal’s authors, the Journal’s
editors encourage that the material be made available according
to the FAIR principles (Findable, Accessible, Interoperable,
Reusable).

The material thus made available must be linked to within the
submitted manuscript under a special heading. Research data
should then be made public when the article is published.
Empirical material obtained from other researchers must be
referenced in the same way as other scientific sources. For
further questions about guidelines for handling open data and
guidelines about how data should be handled and published,
please contact your university.

Archiving Policy

The Journal’s current and future content, beginning when the
Journal joins Publicera, is made available via Publicera and stored
long-term on a secure and central server at the National Library
of Sweden.

The Journal’s owner and the National Library of Sweden aim for
the journal’s archive to be transferred and made available via
Publicera, and thus the archive will also be stored long-term on a
secure and central server at the National Library of Sweden.

In the event that the Journal ceases operations, the Journal’s
content on Publicera will remain archived at the National Library
of Sweden.

Correction And Retraction Policies

The conditions of publication with persistent identifiers such as
DOls include that the object published is final and not changed
without readers being clearly informed of such changes.

Articles published in the Journal cannot therefore be changed
without a) an erratum or b) a change notice being published and
linked to the original article.

If a factual error in an article is discovered, this should be
reported to the Editor-in-chief, who decides on possible actions
and possible corrections.

The Journal encourages post-publication discussion through
Letters to the Editor or on an externally moderated website
for review and post-publication discussion of research, such as
PubPeer.

(Continued)



(Continued)
In order to maintain the highest scientific standards, the
Journal follows strict quality standards:

Upon request, authors should be prepared to send relevant
documentation or data in order to verify the validity of the
results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or
proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud, the Journal
and/or Publisher will carry out an investigation following COPE
guidelines. If, after investigation, there are valid concerns,

the author(s) concerned will be contacted via their given

email address and given an opportunity to address the issue.
Depending on the situation, this may result in the Journal’s
and/or Publisher’s implementation of the following measures,
including, but not limited to:

«  If the manuscript is still under consideration, it may be
rejected and returned to the author.

. If the article has already been published online, depending
on the nature and severity of the infraction:
an erratum/correction may be placed with the article
an expression of concern may be placed with the article
or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction,
expression of concern, or retraction note. Please note that
retraction means that the article is maintained on the platform,
watermarked “retracted”, and the explanation for the retraction is
provided in a note linked to the watermarked article.

Authors have an obligation to correct mistakes once they
discover a significant error or inaccuracy in their published
article. The author(s) is/are requested to contact the Journal and
explain in what sense the error is impacting the article. A decision
on how to correct the literature will depend on the nature of the
error. This may be a correction or retraction. The retraction note
should provide transparency as to which parts of the article are
impacted by the error.

Complaints and Appeals Policy

In the case of formal complaints, disputes, or appeals, authors
should contact the Editor-in-chief, who is responsible for ensuring
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EVTM Society News

We are delighted to welcome Dr. Charles Fox as the
new President of the EVTM Society and Dr. Federico
Coccolini as Vice President! Their leadership, exper-
tise, and dedication to advancing endovascular
trauma and resuscitation will be invaluable in shap-
ing the future of the society.

We would also like to express our deepest gratitude
to Dr. Boris Kessel for his outstanding leadership and
dedication as the past President. His contributions
have been instrumental in advancing the EVTM mis-
sion, and we truly appreciate his commitment to the
society’s growth.
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Endovascular Evolution: Transforming rAAA
and Trauma Care through Innovation
and Collaboration

David T McGreevy

Department of Cardiothoracic and Vascular Surgery, Faculty of Medicine and Health, Orebro University, Orebro University Hospital, Orebro, Sweden

The management of ruptured abdominal aortic aneu-
rysms (rAAAs) has undergone a remarkable transforma-
tion over the past three decades, driven by a relentless
pursuit of better outcomes through innovation [1,2].
Historically dominated by open aortic surgery (OAS),
which carried high perioperative morbidity and mor-
tality rates, the introduction of endovascular aneurysm
repair (EVAR) in the 1990s marked a paradigm shift
[3,4]. This minimally invasive approach redefined possi-
bilities in vascular surgery, enabling aneurysm exclusion
without extensive surgical dissection. Initial skepticism
gradually diminished as EVAR opened the door to treat-
ing patients once deemed inoperable, with pioneering
centers like Zurich and Orebro demonstrating its feasi-
bility even in challenging cases [2]. Over the last decade,
EVAR for rAAA has become the standard of care in
many institutions, now proven effective for all rAAA
cases while maintaining low mortality rates and reducing
the proportion of inoperable patients to just 3.5% [5].
This progress, however, did not come without its
challenges. Anatomical constraints, such as short or
angulated necks, continue to pose barriers in many cen-
ters for broader EVAR applicability. Moreover, higher
rates of reintervention due to endoleaks have been
noted, sparking ongoing debates about long-term dura-
bility and cost-effectiveness [6]. Yet, the advantages of
EVAR, with reduced recovery times, minimized physi-
ological insult, and lower perioperative mortality, have
firmly established its role in rAAA management [7,8].
Importantly, advancements in adjunct techniques, such
as aortic balloon occlusion, parallel grafts, and physi-
cian-modified, fenestrated, and branched stent grafts,
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continue to expand its applicability, ensuring that even
patients with complex anatomies can benefit.

Drawing parallels between the evolution of rAAA
management and other resuscitation advancements,
the development of resuscitative endovascular balloon
occlusion of the aorta (REBOA) further underscores the
transformative potential of endovascular technology [9].
The evolution of REBOA mirrors that of EVAR, with
advancements in device design and deployment improv-
ing its safety and utility over time. The EndoVascular
resuscitation and Trauma Management (EVIM) con-
cept has also emphasized the utility of other endovascu-
lar tools, such as stent graft placement and embolization,
for managing hemodynamically unstable patients, now
often serving as critical adjuncts in emergency care [10].
Additionally, emerging biomarkers hold great prom-
ise in guiding treatment decisions, not only for rAAA
management but also for optimizing the use of REBOA.
These biomarkers provide critical insights into patient
inflammation and immune status, aiding clinicians
in stratifying risk, determining the optimal timing for
intervention, and tailoring strategies to stabilize patients
effectively. This approach enhances treatment strategies
and can further improve outcomes [11].

Beyond their technical innovations, these advance-
ments exemplify the power of multidisciplinary collab-
oration. Vascular and trauma surgeons, interventional
radiologists, and anesthesiologists have worked together
to refine these techniques and integrate them into broader
care pathways, streamlining all aspects of initial evalua-
tion, diagnostics, and definitive management. Workshops
and training programs, such-as those offered by EVTM,
have been instrumental in fostering cross-disciplinary
expertise, ensuring that the next generation of clinicians
is well-equipped to leverage these tools effectively [12].
Looking ahead, the potential for endovascular solutions
to revolutionize vascular and trauma care is immense.
Next-generation stent grafts promise improved sealing
and fixation, addressing current limitations in EVAR.
Similarly, advancements in imaging technology and
Al-driven decision-making tools are likely to enhance
precision in device deployment and patient selection
[13]. At the same time, expanding access to life-saving
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technologies like EVAR and REBOA remains a critical
challenge. Policies promoting affordability, investments
in hybrid operating rooms, and training initiatives will
be key to ensuring that these benefits reach all patients
who need them, enabling broader access across different
healthcare systems and geographic regions. Continued
research and robust clinical trials will be essential to
refine indications, improve long-term outcomes, and
address lingering questions about cost-effectiveness.

By embracing these innovations and addressing these
challenges together, we can continue to push the bound-
aries of what is achievable, ensuring that endovascu-
lar advancements translate into improved outcomes
and broader accessibility, with opportunities to further
reduce suffering and save lives.
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Uncontrolled hemorrhagic shock is responsible for 40% of deaths among those under the age of 35, making it the
primary cause of mortality in this age group. An optimal fluid therapy strategy can restore tissue perfusion and oxy-
genation in trauma patients. However, excessive fluid resuscitation can result in glycocalyx shedding, which leads to
globally increased permeability syndrome, leading to complications such as changes in tissue perfusion, abdominal
compartment syndrome, and respiratory distress syndrome. Permissive hypotension is a resuscitation strategy that
aims to maintain systolic blood pressure below the normal threshold. Restricted volume replacement or restricted
fluid resuscitation is a resuscitation principle that limits the amount of fluid used to prevent the worsening of diluted
coagulopathy, hypothermia, and acidosis. This review article aims to discuss the recent concept of fluid therapy in
trauma and to connect the understanding of fluid therapy in trauma with related topics such as trauma-induced
coagulopathy and damage control resuscitation.
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INTRODUCTION

Uncontrolled hemorrhagic shock is responsible for 40%
of deaths among those under the age of 35, making it
the primary cause of mortality in this age group [1,2].
Fluid resuscitation is the initial step in the treatment of
catastrophic hemorrhagic shock, aimed at restoring the
hemodynamics [3].

The metabolic response to trauma can be categorized
into three distinct phases: the ebb phase, characterized
by a drop in metabolic rate during the first shock period;
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the flow phase, also known as the catabolic phase; and
the anabolic phase [4]. Certain patients are unable to
naturally progress through the “flow” phase and instead
experience a chronic condition of globally increased
permeability syndrome with ongoing fluid accumulation
[5]. Globally increased permeability syndrome refers to
a condition characterized by an excessive accumulation
of fluid in the body, which is accompanied by the sud-
den failure of one or more organs. This condition is also
known as “the third hit of shock” [6].

Death can occur in both the acute and subacute
phases after hemorrhagic shock. In the acute phase, the
inability to control bleeding can lead to the heart’s fail-
ure to maintain the minimum cardiac output, resulting in
death. During the subacute phase, resuscitation and sur-
gical interventions successfully stop the bleeding, allow-
ing for sufficient blood supply to the brain and heart.
However, the bulid-up of ischemia eventually leads to
fatal consequences within a matter of days, weeks, or
months because of multiple organ failure [7].

Previously, aggressive fluid resuscitation was a fre-
quently employed approach to revive trauma victims [8].
Recent investigations have demonstrated that employ-
ing the principles of permissive hypotension and limiting
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volume yields superior outcomes. This article reviews the
concept of permissive hypotension and restricted volume
in fluid management for trauma.

PERMISSIVE HYPOTENSION AND RESTRICTED
VOLUME RESUSCITATION

Permissive hypotension is a resuscitation approach that
seeks to keep the systolic blood pressure (SBP) below
the usual threshold. This approach is also referred to as
“hypotensive resuscitation,” “controlled resuscitation,”
and “balanced resuscitation.” Restricted volume replace-
ment, also known as restricted fluid resuscitation, is a
resuscitation strategy that aims to limit the quantity of
fluid administered in order to prevent the exacerbation
of diluted coagulopathy, hypothermia, and acidosis. The
approach to managing hypotension caused by trauma
by restricted volume replenishment or permissive hypo-
tension was initially influenced by a study conducted
by Bickell et al. in 1994 [9]. The study conducted at
a single facility examined the effects of immediate and
delayed fluid resuscitation in patients with low blood
pressure (<90 mm Hg) caused by penetrating injuries
to the torso. The study found that delaying vigorous
fluid resuscitation until surgical intervention resulted in
significantly greater survival rates (70% vs. 62%; p =
0.04) [9]. In 2015, Schreiber et al. found that in blunt
trauma patients the use of 1 liter of crystalloid resulted
in a 24-hour mortality rate of 3%, whereas the use of
2 liters of crystalloid resulted in a mortality rate of 18%
[10]. In 2016, Carrick et al. [11] compared the out-
comes of trauma-penetrating patients using minimum
mean arterial pressure (MAP) targets of 50 mm Hg and
60 mm Hg. The study found that hypotensive resusci-
tation with MAP targets of 50 mm Hg resulted in sig-
nificantly lower 30-day mortality rates [11]. Similar
results were also reported by Morisson et al. in 2011;
the trauma patients using the 50 mmHg MAP target
had significantly better 30-day morbidity and mortal-
ity rates and required fewer blood products than those
using the 65 mm Hg MAP target [12].

At present, multiple systematic review studies and
meta-analyses demonstrate the benefits of employing the
notion of permissive hypotension resuscitation [13-16].
In 2018, Owattanapanich et al. [14] discovered that
hypotensive resuscitation results in reduced quantities of
fluid resuscitation and packed red cell transfusion, along
with a decreased occurrence of acute respiratory distress
syndrome and multiple organ failure. The study also
concluded that there was no notable disparity in resus-
citation techniques in terms of the occurrence of acute
renal damage [14]. According to the study by Albreiki
and Voegeli in 2017, low-volume resuscitation resulted
in a lower death rate than big-volume resuscitation, with
values of 21.5% and 28.6%, respectively [17].

A meta-analysis conducted by Safienjko et al. in
2022 demonstrated that the use of hypotension fluid

resuscitation is associated with reduced mortality and
comorbidities [15]. Among the twenty-eight studies
analyzed, the mortality rate for hypotension fluid resus-
citation was found to be 12.5%, but for traditional fluid
resuscitation it was 21.4%. The incidence of complica-
tions with hypotension fluid resuscitation is 10.8%,
but in traditional resuscitation it is 13.4%. The pri-
mary distinction in the risk of complications between
hypotensive and conventional fluid resuscitation is in
the occurrence of acute respiratory distress syndrome
(ARDS), with rates of 7.8% and 16.8%, respectively, as
well as multiple organ damage syndrome (MODS), with
rates of 8.6% and 21.6%, respectively.

The effectiveness of limited volume replacement in
trauma was also documented in pediatric instances. In
a study conducted by Mbadiwe et al. in 2021, it was
found that administering resuscitation fluid of more
than 20 cm’/kg in cases of pediatric trauma is linked
to higher fatality rates. This association is determined
by the dosage, meaning that the higher the dosage, the
more significant the impact on mortality [17].

Permissive hypotension and restricted volume replace-
ment are not recommended for patients with severe
brain damage and spinal cord injury. This concerns
the ideal concentration of blood flow required to guar-
antee sufficient oxygen supply to the impaired central
nervous system. Stable fluid infusions above 80 mm Hg
are recommended for severe cerebral hemorrhagic
damage that raises intracranial pressure. This prevents
arterial ischemia and maintains cerebral perfusion pres-
sure at 60 mm Hg [18]. Revised guidelines have been
issued for the management of SBP in adult patients with
traumatic brain injury (TBI), taking into account their
age. The age-based guidelines set by the Brain Trauma
Foundation exceed the acceptable thresholds for hypo-
tension. The recommended blood pressure levels for
those aged 15 to 49 are 110 mm Hg, for those aged
50 to 69 they are 100 mm Hg, and for patients aged
70 years and above they are 110 mm Hg [19,20].

The optimal approach to attain sufficient perfusion
pressure through volume resuscitation and vasopres-
sors remains a subject of ongoing research without a
definitive solution. Geriatric patients and patients with
chronic hypertension, in addition to situations of severe
head injuries and spinal cord injuries, should be given
additional care and may be considered a contraindica-
tion for permissive hypertension [21].

OVERVIEW OF FLUID MANAGEMENT: LIBERAL,
STANDARD, AND RESTRICTIVE

In 2014, the acronyms ROSE and SOSD were intro-
duced as concepts in fluid treatment. The acronym ROSE
was introduced at the International Fluid Academy
Day (IFAD) to represent the four phases of fluid ther-
apy: Resuscitation, Optimization, Stabilization, and
Evacuation [22]. On the other hand, the concept of SOSD
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(Salvage, Optimization, Stabilization, De-escalation)
was proposed by The Acute Dialysis Quality Initiative
(ADQI) group [23]. During the Resuscitation or Salvage
phase, the treatment focuses on restoring or correcting
shock conditions by aiming for an appropriate perfu-
sion pressure. During this stage, a fast infusion of fluid
with a volume of 3—4 ml/kg is administered for 10 to 15
minutes (which can be repeated if necessary), typically
accompanied by vasopressors. During the Optimization
phase, the patient’s hypovolemia is no longer severe, but
their hemodynamics are still unstable. The objective of
therapy in this phase is to prevent or minimize the risk of
organ damage. The stabilization phase commences once
the patient has achieved a condition of stability and con-
tinues for several days. During this stage, the goal is to
achieve a fluid balance of zero or slightly negative. The
evacuation or de-escalation phase is the final stage that
seeks to eliminate surplus fluid. Typically, this stage hap-
pens naturally as the patient recovers. However, diuretics
or ultrafiltration can be employed if necessary.

The terms liberal, standard, and restrictive are
often used to compare fluid therapy regimens. Usually,
researchers use their approach as a standard therapy
and compare it with restrictive or liberal concepts that
they define themselves. Even differences in definition
make a restrictive group a liberal group in other studies
[24]. The study of the comparison between restrictive
and liberal is also sometimes more accurately seen as
hypovolemia vs. normovolemia [25].

Definitions of liberal, standard, and restrictive fluid
therapy vary widely across studies. The definition of this
term probably should not only relate to the volume of
fluid given but also to when to start and stop fluid ther-
apy performed [26].

FLUID RESUSCITATION AND ENDOTHELIAL
GLYCOCALYX

The fluid displacement between plasma and intersti-
tium is an important concept that must be understood
regarding fluid resuscitation in trauma situations. One
of the earliest basic concepts of plasma and interstitial
fluid transfer was proposed by Starling in 1896, that the
movement of fluid across capillary membranes depends
on a net imbalance between the osmotic absorption
pressure of plasma proteins [colloidal osmotic pressure
(COP)] and the capillary hydraulic pressure generated
by the heartbeat [27]. The understanding of the exis-
tence of glycocalyx structures on the endothelial surface
of blood vessels prompted Levick and Michel [28] to
revise the concept proposed by Starling.

The endothelial glycocalyx is essential for controlling
the permeability of blood vessels. The disruption of the
glycocalyx increases the permeability of blood arter-
ies, allowing for the facilitated passage of water, pro-
teins, and other substances from the bloodstream to the
external environment [29]. The molecular sieve effect

of the glycocalyx structure determines the permeability
of blood arteries. Additionally, the negatively charged
nature of glycocalyx creates a charge barrier in blood
vessels [30].

The type of resuscitation fluid used is known to affect
the integrity of glycocalyx after hemorrhagic shock [31].
Crystalloids are reported to be associated with higher
glycocalyx shedding than colloids [32,33]. Several dif-
ferent results regarding the relationship of resuscitation
fluid with glycocalyx shedding have been reported, such
as the type of fluid affecting post-hemorrhage glycocalyx
thickness [34], but other studies report that such thick-
ness changes do not affect membrane permeability [35].

An optimal fluid therapy strategy can effectively
restore tissue perfusion and oxygenation in the body.
However, excessive fluid resuscitation can result in gly-
cocalyx shedding, which leads to globally increased per-
meability syndrome, which can lead to complications
such as changes in tissue perfusion, abdominal com-
partment syndrome, and respiratory distress syndrome
[3,36,37].

FLUID RESUSCITATION AND TRAUMATIC-
INDUCED COAGULOPATHY

Excessive fluid resuscitation in trauma patients can trig-
ger traumatic-induced coagulopathy. Overly administer-
ing fluids through crystalloids can lead to a decrease in
the amount of oxygen that can be carried and a reduc-
tion in the concentration of substances that help with
blood coagulation. Administering fluids at a tempera-
ture lower than the body’s normal temperature worsens
heat loss in the body due to bleeding, low energy levels,
and exposure to the environment. It also reduces the
effectiveness of enzymes involved in the clotting process
[38]. Excessive administration of acidic crystalloid solu-
tions will worsen the acidosis induced by reduced blood
flow, leading to a decline in the effectiveness of clotting
factors. This will result in a dangerous combination of
coagulopathy, hypothermia, and acidosis, which can be
fatal [39].

Trauma-induced coagulopathy (TIC) is the term
used to describe the abnormal formation of blood clots
that happens due to physical damage. During the early
phases of TIC growth, there is typically a state of dimin-
ished hemostatic capacity, resulting in hemorrhaging.
As TIC advances, there is a noticeable rise in blood
clotting, which is linked to the development of venous
thromboembolism and organ failure. Generally, TIC
can be a mixed phenotype, including the bleeding and
thrombogenic phenotypes [40].

Viscoelastic measures (VEM) are used frequently in
the detection of traumatic-induced coagulopathy. These
assays are whole blood tests that offer data on the speed
at which a clot forms (fibrin cross-linking), reaches its
maximum strength (platelet function), and ultimately
breaks down (fibrinolysis). VEM tests can be employed
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at the point of care, providing available data promptly
within 5 minutes that can effectively guide resuscitation.
Thromboelastography (TEG, Haemonetics) and throm-
boelastometry (ROTEM, Tem International GmbH) are
the two main platforms used for these examinations.

Tissue injury and shock synergistically stimulate the
activation of the endothelium, immune system, plate-
let, and clotting processes. The presence of the “lethal
triad”, which includes coagulopathy, hypothermia, and
acidosis, significantly intensifies these activations [41].

Insufficient oxygen availability for aerobic metab-
olism leads to a shift towards anaerobic metabolism
at the cellular level [42]. Consequently, this results in
heightened lactic acid build-up, inorganic phosphates,
and oxygen radicals [43]. Furthermore, on a cellular
level, damage-associated molecular patterns (referred to
as DAMPs or alarmins), such as mitochondrial DNA
and formyl peptides, are released. These substances then
initiate a widespread inflammatory response through-
out the body [44].

The hemorrhaging also triggers significant alterations
in the vascular endothelium across the body [45]. The
endothelium and blood work together at the bleeding
site to enhance the formation of a blood clot. However,
the accumulation of oxygen debt and sudden increases
in catecholamine levels eventually lead to the develop-
ment of endotheliopathies, which occur when the pro-
tective glycocalyx barrier is shed systemically [32].

During severe hemorrhage, adaptive and maladap-
tive alterations occur either at the bleeding site or in
tissues throughout the body. Hemostatic plugs form at
the bleeding site [46]. There is an increase in fibrino-
lytic activity in tissues that are distant from the site of
bleeding, potentially as a protective reaction to avoid
the formation of blood clots in small blood vessels [47].
Nevertheless, an overabundance of plasmin activity
and auto-heparinization caused by glycocalyx shedding
might result in hyperfibrinolysis and widespread coag-
ulopathy [48].

RESUSCITATION USING DAMAGE CONTROL
TECHNIQUES

The word “damage control” originates from naval war-
fare. The word refers to a method of handling warships
that have been damaged, with the goal of preserving the
ship’s ability to sail and operate rather than fully repair-
ing all of the damage [49,50]. Subsequently, this concept
was incorporated into the field of medicine as a strategy
for treating patients who have sustained multiple and
serious traumas [51].

Discussing damage control resuscitation (DCR) is
essential when explaining the rationale and benefits
of permissive hypotension in trauma resuscitation.
Permissive hypotension, one component of DCR, aims
to maintain a low but adequate blood pressure to reduce

bleeding until bleeding control can be achieved, avoid-
ing excessive fluid resuscitation that could dislodge clots
and exacerbate hemorrhage. DCR integrates a broader
strategy that includes rapid hemorrhage control, limited
fluid resuscitation, and preventing coagulopathy [52].
By incorporating permissive hypotension within DCR,
the patient’s physiological condition is optimized during
the critical pre-operative phase, minimizing the risk of
worsening hemorrhage while maintaining vital organ
perfusion [53]. Crystalloids are restricted in DCR to
prevent dilutional coagulopathy, whereas hypotensive
resuscitation is employed until significant bleeding is
under control. Tranexamic acid is used empirically, and
acidosis and hypothermia are prevented [54].

Rapid control of bleeding in non-compressible hemor-
rhage can be achieved by damage control surgery (DCS)
or through Endovascular Resuscitation and Trauma
Management (EVTM) [55], which is defined as “a term
that represents a modern, multidisciplinary approach
that integrates minimally invasive endovascular tech-
niques to manage severe trauma, particularly in patients
with hemorrhagic shock” [21,56]. In most simple terms,
endovascular resuscitation can be defined as the use of
catheter-based therapies to achieve rapid bleeding control,
such as Resuscitative Endovascular Balloon Occlusion of
the Aorta (REBOA) [57-59]. REBOA is utilized to sta-
bilize patients at high risk of death from build-up torso
bleeding, but it is not a device for definitive hemorrhage
control. Its use should be integrated into a comprehensive
system that includes DCR, definitive hemorrhage man-
agement, and postoperative critical care [60,61].

The use of crossmatched packed red blood cells
(pRBCs) is ideal in trauma resuscitation. However, when
crossmatched blood is unavailable, type O pRBCs are
recommended for patients experiencing exsanguinating
hemorrhage. In situations requiring massive transfusion,
early administration of pRBCs, plasma, and platelets in
a balanced 1:1:1 ratio can improve survival by minimiz-
ing the need for excessive crystalloid resuscitation [62].
Recently, whole blood has re-emerged as a viable option
for resuscitation in hemorrhagic shock [63]. However,
clear guidelines regarding when to opt for whole blood
over individual blood components remain absent.

The administration of blood products in the pre-
hospital setting is also possible, although studies have
produced mixed outcomes [64—68]. Currently, there are
no definitive recommendations supporting or opposing
prehospital blood product administration [21].

ATLS AND EUROPEAN GUIDELINES

In 2013, the Advanced Trauma Life Support (ATLS)
course implemented multiple modifications to its resus-
citation method. The adjustments involved eliminat-
ing the term “aggressive resuscitation” and suggesting
permissive hypotension prior to bleeding control.
Additionally, the advice is now to reduce the amount
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of crystalloids from 2 liters to 1 liter and to administer
plasma and platelets early in patients who need exten-
sive transfusions [69]. The 2013 European guidelines on
the management of bleeding and coagulopathy included
a recommendation regarding hypotensive resuscitation
[72]. According to this recommendation, the target SBP
should be maintained between 80 and 90 mm Hg until
major hemorrhage can be controlled in cases of trau-
matic injury without brain damage. The 2023 European
guidelines for managing bleeding and coagulopathy
recommends a limited volume replacement strategy
with a blood pressure target of 80-90 mm Hg (MAP
50-60 mm Hg) until major bleeding is controlled and
there is no clinical evidence of brain injury in patients
with severe head trauma. If the Glasgow Coma Scale
(GCS) score is less than or equal to 8, it is advised to
maintain a MAP of at least 80 mm Hg. Table 1 com-
pares the ATLS and European Guidelines on fluid resus-
citation on trauma.

VASOPRESSORS AND FLUID RESUSCITATION
INTRAUMA

In trauma resuscitation, rapid hemorrhage control and
restoration of adequate tissue perfusion are the primary
goals to prevent further organ damage and mortality.
Vasopressors, commonly used in non-trauma shock
management, are not recommended for initial use in
trauma resuscitation due to the risk of exacerbating
hypoperfusion, as vasoconstriction can impair oxygen
delivery to tissues already compromised by hemor-
rhagic shock [73]. The European guidelines on trauma
management highlight that vasopressors may delay the
recognition of bleeding by artificially maintaining blood
pressure without addressing the underlying cause of
hypovolemia [73]. Their inappropriate use can lead to a
worsening of tissue ischemia, particularly in situations
where vasoconstriction compounds existing circulatory
compromise [74]. However, vasopressors may be indi-
cated in cases of neurogenic shock or in patients with
traumatic brain injuries where maintaining cerebral per-
fusion pressure is critical [71]. According to the ATLS
guidelines, fluid resuscitation and hemorrhage control
must be prioritized before considering the cautious use
of vasopressors in trauma patients [71,75].

The 10th edition of ATLS suggests administering
warm saline as resuscitation fluids up to a volume of
1 liter in patients with class I or II bleeding. In cases of
hemorrhage classified as class II or higher, it is advis-
able to utilize blood products rather than adding more
crystalloid or colloidal fluids. The ATLS guidelines do
not include detailed advice for the use of vasopressors
[71]. According to the recommendation of the European
guidelines, vasopressors should be used when fluid resus-
citation fails to achieve SBP objectives of 80-90 mm Hg
or when severe hypotension caused by bleeding results in
SBP below 80 mm Hg. Noradrenaline is a recommended

vasopressor in situations where there is no dysfunction
of the heart, whereas dobutamine is the recommended
vasopressor in situations when there is dysfunction of
the heart. If the amount of bleeding is too much and if
the combination of crystalloids and vasopressors cannot
adequately maintain the basic flow of blood to the tis-
sues, colloid infusions might be considered as an addi-
tional alternative to restore blood flow [21].
Hemorrhagic shock is also reported to be related to
a deficiency of arginine vasopressin. In 2019, Sims et al.
[76] demonstrated that administering a low dose of
arginine vasopressin (a surge of 4 IU followed by 0.04
IU/min) reduces the need for blood products. A previous
double-blind randomized trial evaluated the safety and
effectiveness of including vasopressin in resuscitative
fluid, and the results are consistent with that study [77].

Ethical Approval and Informed Consent

Ethical approval was not required. Written informed
consent was not required.

CONCLUSION

In conclusion, fluid resuscitation strategies in trauma
management have shifted from traditional aggressive
approaches to more refined methods such as permissive
hypotension and restricted volume resuscitation. These
strategies aim to limit the adverse effects of fluid over-
load, such as coagulopathy, hypothermia, and acidosis,
while optimizing tissue perfusion and reducing mortal-
ity. Permissive hypotension has demonstrated significant
survival benefits by maintaining lower SBP until defini-
tive hemorrhage control can be achieved. Furthermore,
restricted volume resuscitation minimizes glycocalyx
shedding and prevents complications associated with
excessive fluid administration.

The integration of these principles into DCR proto-
cols has further improved trauma outcomes by reduc-
ing the need for large volumes of crystalloid solutions
and emphasizing the early use of blood products. This
approach aligns with contemporary guidelines such as
those provided by ATLS and European trauma manage-
ment, which advocate limited fluid use and hypotensive
resuscitation in non-head trauma patients.

Despite these advances, the use of permissive hypo-
tension and restricted volume resuscitation must be
carefully tailored to individual patients, particularly
those with traumatic brain injuries or spinal cord inju-
ries, where higher perfusion pressures may be required.
Further research is needed to refine the optimal resusci-
tation strategies for specific patient populations, espe-
cially in geriatric trauma and those with pre-existing
chronic conditions. Overall, permissive hypotension
and restricted fluid resuscitation represent key compo-
nents of modern trauma care, contributing to improved
survival and reduced morbidity in hemorrhagic shock
management.
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Spontaneous abdominal muscle bleeding is an uncommon condition that usually arises in elderly and fragile
patients. Commonly affected areas include body wall muscles, particularly the rectus sheath and the iliopsoas,
with clinical manifestations such as abdominal pain, groin pain, anemia, and in severe cases, hemorrhagic
shock. A computed tomography multiphase scan is the preferred modality of examination, as it allows the
characterization of hematomas and the assessment of active bleeding. Conservative management of coagu-
lopathy is standard care for stable patients while embolization and surgical options are reserved for those with
hemodynamic instability or significant bleeding. Current literature provides incongruous results on outcomes,
while some authors consider embolization only after conservative treatment failure, other authors advocate
for a more aggressive approach in patients who are at high risk of developing a poor outcome. This discrep-
ancy underlines the need for further standardized research to optimize management approaches in this fragile

patient population.
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SPONTANEOUS ABDOMINAL BLEEDING

Spontaneous abdominal bleeding is defined as a
hemorrhage not caused by a traumatic injury. The
reported incidence for this condition varies between
0.6% and 6% but may be under-reported. However,
the frequency of these events in Western countries is
expected to increase due to the aging population and
the increasing number of indications for anticoagula-
tion therapies, which are a significant risk factor for
spontaneous bleeding [1].

Cases due to anticoagulation or bleeding diathe-
ses commonly involve multiple sites, especially the
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abdominal muscles (e.g. the iliopsoas or rectus sheath
muscle), while viscera are less frequently involved [2].

Clinical presentation varies and is non-specific,
including abdominal pain or mass, groin or hip pain,
anemia, and hypotension. Most cases are indolent and
do not require any intervention other than correction of
the underlying coagulopathy, but if not promptly rec-
ognized and strictly monitored, they could result in a
sudden and catastrophic evolution.

Ethical Approval and Informed Consent

Ethical approval was not required. Written informed
consent was not required.

DIAGNOSIS

The effects of hemorrhage on laboratory testing, in
particular hemoglobin and hematocrit, could manifest
only after hours, and misdiagnosis is frequent. In worst-
case scenarios, spontaneous abdominal muscle bleed-
ing could lead to hemodynamic instability and become
life-threatening, with reported mortality rates of 30%
for retroperitoneal hematomas [3,4].
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The cornerstone for diagnosis is the multiphase
computed tomography (CT) scan: it allows evaluation
of size, location of hematoma, and signs of active or
recent bleeding, and also the detection of responsible
arteries [5].

The reported sensibility of a multiphase CT scan
in detecting active (arterial) contrast extravasation
is between 47% and 93% [6-8]. Another CT sign of
bleeding is the so-called “hematocrit sign,” a cellular-
fluid level caused by the settling of cellular elements in
the dependent portion of a hematoma, which is a very
sensitive (87%) and specific sign of coagulopathic hem-
orrhage [9].

Digital subtraction angiography is the gold standard
for the diagnosis and localization of active bleeding,
but spasm, tamponade, shock, and technical limitations
may limit the visibility of bleeding during angiographic
procedures. The CT scan plays a key role in pre-pro-
cedural planning to reduce procedural time in difficult
cases.

PHYSIOPATHOLOGY

Physiopathology of spontaneous muscle hematomas is
complex and based on a multifactorial microangiopa-
thy. Risk factors include age, atherosclerosis, vascular
lesions from chronic arterial hypertension, and espe-
cially diabetes. Anticoagulant-induced immune micro-
angiopathy has been reported to be a predisposing
factor. Bleeding is the result of micro-traumatic damage
(e.g. closed glottis straining, isometric muscle contrac-
tions) causing tears in muscles and fragile capillary ves-
sels [3,10].

RISK FACTORS

Approximately two-thirds of spontaneous retroperi-
toneal and rectus sheath hemorrhages are associated
with therapeutic anticoagulation and/or with con-
ditions that either increase the effect of anticoagula-
tion drugs (chronic renal insufficiency and dialysis,
estimated glomerular filtration rate (eGFR) <30) or
directly affect coagulation function (coagulation dis-
orders, hepatic insufficiency, international normalized
ratio (INR)>2.0) [5,11].

However, spontaneous fatal bleeding or major
bleeding in patients undergoing anticoagulation ther-
apy is relatively uncommon, ranging from 0.06% to
0.30% and 1.1% to 4%, respectively [12,13]. Direct
oral anticoagulants (DOACs) present a lower bleeding
risk compared to classical vitamin K antagonists, but
routine coagulation tests cannot evaluate the degree of
anticoagulation, and treatment relies on specific rever-
sal agents which are expensive and may not be readily
available [14,15].

Antiplatelet therapy is also considered a risk factor
accounting for 30-40% of patients with spontaneous
retroperitoneal hematoma, but usually alongside anti-
coagulation [16].

Spontaneous muscle hematomas occur in a fragile
population: the mean population age is advanced (mean
range of different studies reported between 68 and
72 years), with most patients (96 %) having documented
known comorbidities prior to presentation [8,17].

Frequently, a slight female predominance is noted
and this is thought to be caused by a lower muscular
mass fraction [8].

SITES OF BLEEDING AND ANATOMY

The localization of spontaneous abdominal muscle
hematomas occurs mainly in the rectus in the anterior
compartment (Figure 1) and in the iliopsoas muscle
in the posterior compartment, while it happens more
rarely in other muscles such as the oblique, the thigh,
and the gluteal region [8,18].

The arteries most involved in rectus muscle bleed-
ing are the inferior epigastric artery, the circumflex
iliac artery, and the superior epigastric artery, while the
ileo-lumbar artery and the lumbar arteries are involved
in iliopsoas muscle bleeding [5].

Anatomically, the anterior compartment is divided
into two parts by the arcuate ligament, located at the
junction of the middle and inferior third of the rectus
muscles, at the level of which the posterior sheath of the
rectus muscles becomes anterior. Above the arcuate liga-
ment, where the posterior aspect is covered by both the
posterior rectus sheath and the transversalis fascia, hema-
tomas usually result from distal lesions of the inferior
epigastric artery and are usually contained and self-lim-
iting. Below the arcuate ligament, only the transversalis
fascia is found posteriorly, and hematomas result from
proximal lesion of the artery which has weakened walls.
Moreover, the lowest part of the rectus muscle is the lon-
gest and subject to the greatest shortening with contrac-
tion, generating higher tensional forces [19-21].

All these factors result in larger inferior anterior wall
hematomas that dissect the muscle, possibly crossing
the median line and creating new foci of bleeding while
expanding.

MANAGEMENT

There are no clear guidelines regarding which sub-
group(s) of patients require an intervention. Generally,
in hemodynamically stable patients the standard of
care is conservative treatment, including management
of hemostasis disorders, stop and/or antagonization of
anticoagulants, vascular filling, and transfusion.

In the last decades, the role of surgery in the manage-
ment of this condition has been progressively reduced.
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Figure 1 Right rectus sheath hematoma. (a) Pre-procedural axial arterial-phase CT image showing a large right rectus sheath

hematoma refurnished by the inferior right epigastric artery (thin arrow) and the circumflex artery (arrowhead). (b) Pre-procedural
coronal CT maximum intensity projection (MIP) reconstruction image showing the active bleeding (thin arrow) refurnished by the
inferior right epigastric artery.

In patients with hemodynamic instability surgical arte-
rial ligation may be challenging, and considering the
comorbidities that usually occur in this patient popu-
lation, surgery is often not a feasible option. Surgery is
usually reserved for hematoma evacuation or in cases of
compression ischemia.

Nowadays the most performed treatment is trans
arterial embolization (TAE), which is fast, safe, and
effective; moreover, it does not require general anesthe-
sia and is less invasive, reducing morbidity, and mortal-
ity [6,22].

INDICATION FOR EMBOLIZATION AND
TREATMENT ALGORITHM

Hemodynamic instability, uncontrolled bleeding despite
adequate conservative treatment, low hemoglobin (Hb)
values, and the need for continued transfusions account
for 80% of the indications for embolization reported
in the literature [8].

Other indications reported are active arterial-phase
bleeding, rupture of fascia or muscles with hemoperi-
toneum, and clinical conditions, including the impossi-
bility of stopping anticoagulation due to comorbidities.

Active arterial iliopsoas bleeding is a strong predictor
of treatment, which is correlated with severity of hema-
toma and associated with unsuccessful conservative
treatment [5,17].

Factors that are also considered are hematoma local-
ization, as retroperitoneal hematomas are reported to

be more severe, and the hematoma volume, even if no
clear cutoff exists [8,17,23].

Most of these factors are included in the interest-
ing treatment algorithm for patients with spontaneous
intramuscular hematoma proposed by Popov et al. [24].

Stable patients with no active bleeding found on a
CT scan are treated conservatively; the same treatment
is performed in unstable patients and/or those with CT
identified active bleeding that have no fascia rupture
and that can stop anticoagulation.

Conversely, patients who are unstable and/or have CT
identified active bleeding with fascia rupture, who cannot
stop anticoagulation, or who are not on anticoagulation
therapy then undergo TAE. Lastly, embolization is per-
formed when conservative treatment fails [24].

TIMING AND FINDINGS AT ANGIOGRAPHY

Indications for treatment should be a joint decision
after discussion in a multidisciplinary team composed of
interventional radiologists, surgeons, and internal and
emergency medicine physicians. Embolization should be
performed as soon as possible, but the reported time
between CT scan and angiography varies widely in
the literature; average mean procedural time has been
reported to be between 43 min and 7 h 50 min in differ-
ent studies [6,23,24].

At angiography, the signs of active bleeding (Figure 2)
may be direct (contrast blush extravasation, focal spot of
enhancement, hemorrhagic petechiae, pseudoaneurysm)
or indirect (vessel cutoff sign or massive vasospasm).
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Figure 2 Transarterial embolization of the right rectus sheath hematoma. (a) Selective DSA from the right inferior epigastric
artery which confirmed the presence of multiple active arterial blushes (circles), one of the bleeding spots, matched the CT
findings (arrow). (b) Magnification of the pre-procedural coronal CT MIP reconstruction image showing active bleeding (arrow)
matching the DSA findings. (c) DSA after glue and coils embolization of the right inferior epigastrig artery showing complete
devascularization.

The detection rate of active bleeding on digital subtrac-
tion angiography (DSA) is reported to be between 70%
and 86% [6,25].

In a recent systematic review, the rate of active
bleeding at DSA was higher than at CT, confirming
that a decision to perform angiographic studies in a
patient with spontaneous bleeding relies on multiple
factors [8].

EMBOLIC MATERIALS

There is a great heterogeneity of data regarding the
embolic materials which are used, with still no evidence
to recommend one embolic material over the other [23].

In a systematic review, coils were used in 30.7% of
cases, glue in 18.1%, gelfoam in 16.4%, microparticles
in 6%, a combination of coils and gelfoam in 13%, and
a combination of coils and microparticles in 12.2% of
the cases [8]. Coils are frequently reported as the most
commonly used embolic agents in the literature even if
they have the significant limitation in this patient pop-
ulation of being dependent on the coagulation status.

Gelfoam, which is frequently reported, has the signif-
icant disadvantage of being temporary.

Polyvinyl alcohol (PVA) particles are appreciated by
some authors due to the filling of the distal diseased
microvasculature and have demonstrated their efficacy
in the setting of spontaneous bleeding even if they the-
oretically carry the disadvantage of a higher ischemia
degree in the anterior compartment hematomas. Glue

has also demonstrated its efficacy, can be prepared in
different ways to control polymerization time, and can
fill the diseased branches quickly without causing a
distal-end embolization.

Non-adhesive liquids could theoretically be good
options but are significantly limited by their high cost
and relatively long preparation time.

In a study on embolization of anterior abdominal
wall hematomas (not all but the majority were spon-
taneous), no difference in clinical success, survival, and
complications was found comparing mechanical, liquid/
particulate agents (including gelfoam, PVA, and glue), and
their combination [22]. Other authors registered that
most cases of recurrent bleeding after embolization of
life-threatening retroperitoneal hematomas were associ-
ated with coils, concluding that glue may be preferable,
with or without mechanical embolic agents [7].

Similar recurrence rates were found with resorbable
and non-resorbable materials in a recent systematic
review [8].

EMBOLIZATION TECHNIQUES

In this setting, two main strategies are adopted: blind
embolization or targeted embolization.

Blind or empiric embolization (Figure 3) is the closure
of the suspected vessel based on topographic reference
and/or findings of CT in the absence of bleeding at DSA
and is performed in patients with spontaneous abdomi-
nal muscular bleeding in 13-21% of cases [6-8,23].
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Figure 3 “Blind” embolization technique. (a) Pre-procedural axial arterial-phase CT MIP reconstruction image showing a large
right iliopsoas hematoma with active arterial spots (arrow) refurnished by a (third lumbar spine vertebra (L3) level) right
lumbar artery (arrowhead). (b) Selective DSA from a (L3 level) right lumbar artery without evidence of direct or indirect signs of
bleeding. (c) Fluoroscopic image showing the blind embolization technique. Despite no evidence of active arterial blush, the
lumbar artery was occluded with glue that formed multiple casts across the lumbar artery branches. (d) DSA after embolization
of the (L3 level) right lumbar artery showing complete devascularization.

Targeted embolization consists of the closure of
arteries where direct or indirect signs of active bleeding
were demonstrated in the DSA study.

In a recent study there were no differences in clini-
cal success or rebleeding rates between patients treated
with targeted versus blind embolization, with success
rates of 77% and 78 % and rebleeding in 22% and 23%
of patients, respectively [6].

The same clinical success rate (86%) after emboliza-
tion in patients treated with targeted or blind emboli-
zation was also found in another recent study, in which
patients from the two groups did not differ regarding
gender, age, mean pre-procedural hemoglobin, localiza-
tion of hematoma, or time to DSA [23].

Regarding embolization technique, one important
aspect is to consider systematic embolization of anas-
tomotic arteries if there is a high risk of backflow. This
concept is particularly important in the retroperito-
neum, which has a high collateral supply, and in which
closure of the lumbar/iliolumbar arteries above and/or
under the bleeding site, as well as the bleeding artery

itself, may be advised to reduce the possibility of proce-
dure failure or rebleeding.

In one study, the bleeding recurrence rate after first
embolization was as high as 24.1% [7]. Other authors
reported their experience showing that, among 42% of
their patients who underwent embolization in >1 arte-
rial territory, the majority had bleeding in the posterior
compartment.

TAE OUTCOMES

Technical success rates, defined as the complete occlu-
sion of all target vessels, reported in the literature are
between 96% and 100% while reported clinical suc-
cesses, defined as absence of signs of rebleeding in the fol-
lowing 96 h, range between 65% and 93% [6,8,22,23].

In a recent systematic review, the estimated mortality
rate after TAE was 23.1%, with 22.7% of deaths occur-
ring within the first 30 days after embolization; multior-
gan failure, cardiogenic shock, and secondary infection
were the main reported causes of deaths [8]. Notably,
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up to 50% of patient deaths are not related to bleeding
but to coexisting conditions [17].

In patients who underwent TAE, rebleeding occurred
in 10.1% of patients, with 92.9% of these cases occur-
ring in patients still on anticoagulation. A second embo-
lization attempt is often performed in most patients with
rebleeding, with this being successful in 75% of cases.

Complication rates after TAE range between 0.7% to
4%, with most being related to vascular access sites (e.g.
femoral artery pseudoaneurysm, groin haematoma) [8,22].

Non-target embolization and skin necrosis are very
rare, the latter being described only in a case report after
embolization of an anterior muscle wall spontaneous
bleed with gelfoam [26].

CONSERVATIVE TREATMENT VERSUS
EMBOLIZATION - WHAT IS KNOWN AND
WHAT IS NEEDED

Actual guidelines lack clear indications on which sub-
group of patients should be treated conservatively
and which should be treated with embolization. In the
absence of clear treatment algorithms, some authors
have tried to directly compare conservative treatment
and embolization. In a recent single-center case control
retrospective study, 54 patients with spontaneous ret-
roperitoneal hemorrhage were divided into two groups
based on the treatment received within the first 24
hours from diagnosis. Group 1 was treated conserva-
tively while group 2 was treated with TAE. In this study,
conservative management presented a higher clinical
success rate compared to TAE and both all-cause and
bleeding-related mortality were more likely to occur
after TAE [13].

Nevertheless, the TAE group patient population pre-
sented a higher percentage of active bleeding on CT
scan, a shock index >1, and received a higher volume of
blood transfusion; moreover, the latter two characteris-
tics were more likely to be present in fatal cases (15%).
The authors stated that most patients with sponta-
neous retroperitoneal hemorrhage can be safely treated
conservatively, with conservative treatment being suc-
cessful also in 13% of initially unstable patients, but
also acknowledge that the lower success rate in the
embolization group was likely caused by underlying
coagulopathy, which develops in cases of major blood
loss [13].

The paper stimulated some discussion among
experts. Although a common agreement was reached
on the importance of prompt medical management,
early diagnosis, and treatment in all cases, the authors
concluded that a variety of factors can affect success,
including patient-, operator-, and technique-related fac-
tors. The difference in these factors is likely to justify
the difference in clinical success obtained with emboli-
zation in different centers. Therefore, the preference of

conservative management over embolization should be
carefully debated, and there is a strong need for stan-
dardization in reporting and in the use of materials and
techniques [27,28].

Moreover, as some predictors of outcome are known,
including volume of hematoma and simplified acute
physiology score, randomized, prospective, controlled
studies with patient stratification would be highly valu-
able for further advancement of knowledge [29].
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Transcatheter embolization currently constitutes the primary treatment for lumbar artery injury due to blunt trauma.
We present a case where a stent graft effectively treated a lumbar artery injury after coil embolization failed to
achieve hemostasis. Aortic stent graft implantation is a safe procedure that can prevent surgical morbidity and has
minimal complications. It may serve as an effective alternative for achieving hemostasis when coil embolization is

not feasible or is unsuccessful.
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INTRODUCTION

Today, endovascular treatment is a critical compo-
nent of trauma patient care. In patients with lumbar
artery injury (LAI), it is challenging to accurately con-
trol bleeding through surgery. Hence, endovascular
treatment involving coil embolization is the preferred
treatment option. Furthermore, a vascular injury in the
retroperitoneal space can be simultaneously diagnosed
and treated using arteriography. However, if coil embo-
lization is not possible, an aortic stent can be placed to
prevent persistent bleeding. Here we describe our expe-
rience of efficiently treating with a stent graft bleeding
that persisted following coil embolization.

CASE PRESENTATION

A 53-year-old man was admitted to the hospital after
becoming trapped between equipment while working in
a factory. He reported severe back pain, weakness, and
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reduced sensation in both legs. He was rescued by para-
medics and subsequently underwent a computed tomog-
raphy (CT) scan at a nearby hospital. He arrived at
our hospital five hours after the injury and, during this
time, he received a transfusion of five bags of packed
red blood cells. The patient’s vital signs at the time of
admission were as follows: blood pressure, 70/40 mm
Hg; heart rate, 95 per min; respiratory rate, 23 per min;
oxygen saturation SpQO,, 94% (room air); and a
Glasgow Coma Scale score of 15. No external injury
was observed, except for a facial laceration. No signs
of internal bleeding were detected on ultrasonography
employing the Focused Assessment with Sonography in
Trauma protocol. However, retroperitoneal hematoma
with overt bleeding due to LAI and multiple vertebral
fractures were diagnosed after a CT scan at the first hos-
pital (Figures 1 and 2).

The patient was transfused with two bags of packed
red blood cells and two bags of fresh frozen plasma.
The patient’s blood pressure returned to 101/52 mm Hg
following fluid resuscitation. Given the LAI and hemor-
rhage in other regions, the patient was transferred to the
intervention room for embolization. During the angiog-
raphy, multiple lumbar arteriograms revealed extravasa-
tion in the right lumbar arteries. Each lumbar artery was
selected using an angiocatheter and microcatheter and
then embolized with eight microcoils and a lipiodol-
histoacryl mixture (Figures 3 and 4).

The patient’s vital signs were consistently main-
tained without the necessity of vasopressors following
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Figure 2 Extensive hematoma in the retroperitoneal space
including the pararenal space. Right psoas muscle hematoma
at the lumbar vertebrae L2 level indicative of acute arterial
bleeding (arrows) originating from the lumbar artery.

Figure 1 Injuries of the lumbar vertebrae (L): L1 burst fracture,
L2-4 recent compression fracture (arrows), and multiple
fractures of both the transverse and spinous processes.

P

Figure 3 (a) Multiple lumbar arteriograms revealing extravasation from the right lumbar arteries (arrows). (b) Coil embolization and a

lipiodol-histoacryl mixture (arrows) of selected lumbar arteries.

admission to the intensive care unit. However, on the
second day after the injury, an abdominal CT scan was
performed after the laboratory findings revealed that
hemoglobin levels had dropped from 14.3 to 7.6 g/dL.
The abdominal CT scan revealed continued overt
bleeding at the site of the previous coil embolization,
and therefore re-embolization was planned (Figure 5).
However, the aortography demonstrated that there
was insufficient space for coil embolization, and it

was determined that an aortic stent placement would
instead be implanted. The aortogram identified the tear
at the origin of the lumbar artery. Therefore, a 20 mm x
20 mm x 80 mm stent graft (Medtronic, Minneapolis,
MN, USA) was inserted and placed in the infrare-
nal aorta. The aortogram confirmed that the tear was
covered and the lumen of the stent graft was patent
(Figures 6 and 7). The patient’s condition stabilized after
stent insertion, and no complications were observed
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Figure 5 Post-embolization state following acute arterial
bleeding from the paraspinal vessels (arrow), which originate
from the abdominal aorta, visible at the right psoas muscle,
lumbar vertebrae L2 level.

Figure 4 After identifying each lumbar artery using an
angiocatheter and microcatheter, embolization was performed
with eight microcoils (arrows) and a lipiodol-histoacryl mixture.

Figure 7 Follow-up CT scan. The aortic stent is patent (arrows),
and no findings to suggest active contrast leakage were
observed in the current CT scan.

Figure 6 A 20 mm x 20 mm X 8 cm stent graft (Medtronic,
Minneapolis, MN, USA) was placed in the infrarenal aorta (arrows).
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following the procedure. A magnetic resonance imaging
scan was performed on the sixth day after the injury,
prior to the spinal surgery. Following spinal fixation on
the seventh day after the injury, the patient was trans-
ferred to the neurosurgery department and eventually
monitored on an outpatient basis.

Ethical Approval and Informed Consent

This study was approved by the Institutional Review
Board of Pusan National University Hospital, Busan,
Korea, and was performed in accordance with the
ethical standards set forth in the 1964 Declaration of
Helsinki and its later amendments (IRB No.: 2048-011-
142). Informed consent was waived owing to the retro-
spective nature of the study.

DISCUSSION

LAI frequently occurs concurrently with a fracture of
the spine or pelvis in patients who have sustained blunt
trauma. The treatment approach is determined based
on the associated injuries and hemodynamic status. In
hemodynamically unstable cases, lumbar artery inju-
ries are treated surgically. However, it is challenging to
localize the source of bleeding and, consequently, the
mortality rate is high [1,2].

In the present case, coil embolization was imple-
mented because the patient responded to fluid resuscita-
tion; however, retroperitoneal exploration would have
been performed if the fluid resuscitation were unsuc-
cessful. However, identifying the bleeding site accurately
and conducting proximal hemostatic procedures would
have been difficult, resulting in a deterioration of the
patient’s condition.

In hemodynamically stable cases, the primary treat-
ment for LAI is transcatheter embolization. During endo-
vascular treatment, embolic substances such as coils or
gelfoam are employed. However, coil embolization is pre-
ferred to prevent complications such as retroperitoneal
infarction. Coil embolization has a hemostasis success
rate of 70-100% and is a safe treatment modality with
minimal complications [1-3]. However, if there is insuf-
ficient space for embolization or if the selection of the
lumbar artery proves difficult, there is a risk of persistent
bleeding. If hemostasis is not achieved, conservative
management can be implemented, provided the patient’s
hemodynamic signs are stable [1]. Nevertheless, if per-
sistent bleeding occurs, an aortic stent may be inserted
to arrest the hemorrhage [4,5]. Aortic stents are cur-
rently employed extensively in trauma patients to treat
thoracic aortic injuries. Placement of an aortic stent is a
minimally invasive procedure that does not require aortic
cross-clamping.

In addition, recent studies have demonstrated
favorable outcomes in long-term follow-up, and it is
considered a safe treatment that can reduce surgical

morbidity [6]. Compared to thoracic aortic stents,
abdominal aortic stent implantation is a safe pro-
cedure with fewer reported complications of spinal
cord injury [7]. This procedure has been effectively
employed in the treatment of lumbar artery pseu-
doaneurysms caused by specific diseases when coil
embolization is difficult [8]. In conclusion, aortic
stent placement may serve as an effective alternative
to coil embolization when hemostasis proves difficult
to accomplish.
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Background: Arteriovenous fistulas (AVFs) are abnormal communications between an artery and a vein. Post-
traumatic AVFs, including those in the popliteal fossa, are rare but require prompt management to prevent
complications.

Case Report: A 35-year-old male presented with a painful, pulsatile swelling over the left knee, 15 days post-
arthroscopic anterior cruciate ligament and posterior cruciate ligament reconstruction. Clinical examination showed
a 5 x 5 cm? tender swelling with a palpable thrill. Computed tomography angiography revealed a communication
between the popliteal artery and vein. An endovascular intervention was performed using two Bentley covered
balloon expandable stents. Post-procedure, the patient showed uneventful recovery, with follow-up Doppler scans
indicating normal vascular flow and no residual abnormalities.

Conclusions: Post-traumatic AVFs, often resulting from penetrating injuries or iatrogenic causes, can present with
painful, pulsatile swellings and may lead to severe complications if untreated. Advances in endovascular techniques,
such as stenting, have improved outcomes such as reduced post-operative morbidity, eliminating complications

associated with open surgery.

Keywords: Arteriovenous Fistula; Endovascular Procedures; Stents; Popliteal Artery; Vascular Fistula
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INTRODUCTION

Arteriovenous fistulas (AVF) are defined as abnormal
communications between an artery and a vein, which
may be congenital or acquired (iatrogenic — as in haemo-
dialysis; or traumatic). Congenital AVFs are the rarest of
all, followed by post-traumatic AVFs. The popliteal fossa
AVF is a rare vascular anomaly, usually found because of
abnormal communication between the popliteal artery
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and vein. It leads to shunting of blood from the arterial
system and can cause symptoms such as varicose veins,
localised swelling, aneurysmal dilatation of the popliteal
vessels and venous hypertension leading to heart failure.
It requires a high index of clinical suspicion and prompt
management to prevent further complications [1].

We present here a case of a 35-year-old male patient
who presented with a post-traumatic popliteal fossa
AVE managed with endovascular stenting as damage
control surgery, resulting in resolution of symptoms
such as pain, swelling and movement restriction.

CASE REPORT

A 35-year-old obese male presented with a painful swell-
ing over the back of his left knee. The patient had a his-
tory of left lower limb trauma for which he underwent
arthroscopic reconstruction of the anterior cruciate lig-
ament (ACL) and posterior cruciate ligament (PCL) over
the left knee. Following surgery, the patient recovered
uneventfully. However, one and a half months following
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Figure 1 CTA showing left popliteal AVF (green arrow).

the surgery, the patient developed a swelling over the
back of his left knee, gradually increasing in size, which
was pulsatile in nature and associated with a moder-
ate amount of pain. Upon examination, a § X 5 cm?
tender, pulsatile swelling was present over the popli-
teal fossa, with a palpable thrill, and dilated superficial
veins around the knee joint with pitting oedema over
the left leg distal to the knee joint. The patient also had
significant restriction of joint movement at the knee.
Peripheral pulses were palpable, but the left lower limb
distal to the knee joint appeared pale and was cold to
the touch.

The patient underwent a computed tomography
angiography (CTA) of the left lower limb, which was
suggestive of a well-defined communication between
the popliteal artery and the popliteal vein, likely to be
a fistula, with width of 5.7 cm and antero-posterior
dimension of 2.5 cm, associated with slowing of arte-
rial flow below the left knee (Figure 1). A normal two-
dimensional echocardiography ruled out the possibility
of cardiac overload.

Based on clinical findings and the CTA report, the
need for surgical intervention, either open exploration or
endovascular intervention, was explained to the patient.
In view of the patient’s history of recent knee surgery and
prolonged immobilisation, obesity, clinical features of a
cold limb and the presence of an AVE, the patient was
taken up for percutaneous angioplasty and stenting as a
minimally invasive and damage control procedure. The
left common femoral artery was punctured antegrade
and progressed under duplex guidance. An active leak
was noted in the left popliteal artery just behind the knee

Figure 2 Dual overlapping covered balloon expandable stenting of the popliteal artery. (a) Lateral view.

(b) Anterior view.
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Figure 3 Intra-operative angiograms. (a) Pre-stent showing leakage and evidence of fistula at the level of the
popliteal artery. (b) Post-stent showing good flow and no leakage.

joint, with evidence of AVE. A command wire was crossed
using a Rubicon catheter under road-map guidance. Two
Bentley covered balloon expandable stents, 6 x 38 mm?
and 6 x 58 mm?, were placed across the leak. Brisk flow
was noted in the popliteal artery and the tibial vessels,
with no evidence of leak or AVF (Figures 2 and 3).

Following the procedure, the patient made an
uneventful recovery. Subsequent repeated Doppler scan-
ning upon follow-up at 1 month and 3 months post-
surgery revealed no residual abnormalities and good
flow in the left lower limb, with no evidence of leakage
or vascular insufficiency. The patient exhibited complete
recovery, with no residual pain, swelling or restriction
in mobility.

Ethical Approval and Informed Consent

Ethical approval to report these cases was given by the
Institutional Ethics Committee, Bhaikaka University.
Written informed consent was obtained from the patient.

DISCUSSION

Post-traumatic AVFs are a rare entity, the majority of
which occur due to penetrating injuries such as gun-
shot wounds, which disrupt the regional vascular anat-
omy. They may also be iatrogenic, caused during the
course of medical procedures. Such fistulas may become
symptomatic within a few days or weeks following the
causative event, while some may remain dormant and
may be diagnosed even months or years later. Certain
fistulas may even prove to be fatal and require rapid
diagnosis and management. Patients have varying clini-
cal presentations such as painful pulsatile swellings, the
presence of a thrill or a bruit, evidence of distal limb
ischemia, cardio-respiratory overload, heart failure, etc.

Diagnosis can be confirmed on clinical examination and
after radiological investigations such as Doppler ultra-
sound or a CTA [2,3].

In the previous century, traumatic AVFs were usu-
ally managed conservatively, while open surgery was
reserved for complicated cases. With the advent of
endovascular therapies, the management of traumatic
AVFs has become much more rapid and effective. A
variety of options are available such as the use of cov-
ered balloon expandable stents, coiling, glue, grafts, etc.
Endovascular management is now the mainstay of treat-
ment for traumatic AVFs, while open surgery is carried
out in cases where endovascular management fails [4,5].

Among traumatic AVFs, popliteal AVFs are rela-
tively less common, occurring due to direct penetrat-
ing trauma to the lower limbs, and may be associated
with concomitant injuries such as fractures or ligament
injuries, requiring surgical intervention. Patients present
with a painful swelling in the popliteal region, days to
weeks after the traumatic event. Delayed presentations
may show signs of peripheral limb ischemia and cardiac
overload or heart failure. CTA shows abnormal commu-
nication between the popliteal artery and vein, around
the level of the knee joint, with surrounding hematoma
or aneurysmal dilatation of the popliteal artery. It may
also show shunting of blood leading to peripheral vascu-
lar insufficiency. Management is usually by endovascular
treatment with the use of covered stents or coiling [6].

Ilijevski et al. report a series of seven cases with
post-traumatic popliteal AVFs, two of which required
amputation of the lower limbs, while the rest recovered
uneventfully following surgical intervention in the form
of vessel reconstruction [7]. Another case report of a
popliteal fossa AVF describes hybrid management of the
fistula, wherein open surgery was carried out following
failure of endovascular stenting [8]. Popliteal AVFs are
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also known to occur following knee surgery. Ceallaigh
et al. conservatively managed a case of popliteal AVF
following total knee replacement surgery, with no ensu-
ing complications noted on follow-up [9]. Another
report by Dinh et al. emphasizes endovascular manage-
ment of a popliteal AVF following knee surgery, using a
covered stent [10].

In our case, the patient had a history of a road traf-
fic accident with trauma to the left lower limb, requir-
ing surgery for reconstruction of the ACL and PCL.
The subsequent popliteal AVF could have been a result
of the direct trauma or the knee surgery. While there
are recommendations to pursue open surgery for such
cases, especially for AVFs over joints, certain patient
factors must be considered when deciding the correct
course of management. In our case, the patient was
obese and had a recent history of knee surgery — which
were both deterrents for open surgery in the prone posi-
tion. Endovascular intervention was preferred as a mini-
mally invasive damage control surgery and a potentially
life-saving procedure. The patient was managed using
two covered balloon expandable stents, overlapping
with each other, with no evidence of failure or complica-
tions, such as pain, joint movement restriction or recur-
rence, noted on extended follow-up.

CONCLUSIONS

Post-traumatic AVFs are a rare occurrence and require
a high index of clinical suspicion, especially in the pres-
ence of a thrill/bruit on examination. Popliteal AVFs
may be due to direct trauma or following knee surgery,
and can effectively be managed using endovascular
techniques if diagnosed early, thereby preventing com-
plications such as amputation.
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In a detailed case report, Patel et al. examine the man-
agement of a traumatic arteriovenous fistula (AVF) in
the popliteal segment of a 35-year-old male. This patient
presented with a painful swelling at the back of his left
knee following arthroscopic cruciate ligament repair
after a knee injury. The authors conducted thorough
diagnostic investigations, identifying a post-traumatic
AVF, and subsequently performed endovascular treat-
ment using two balloon-expandable stent grafts.

A review of the literature on traumatic AVF treat-
ments reveals only about 20 publications addressing a
handful of cases, and notably, no long-term follow-up
data. This highlights the limited scientific foundation for
treating post-traumatic AVFs.

Broader investigations into popliteal injuries, includ-
ing treatment of popliteal injuries in general, yield more
information. Studies by Potter et al. [1] and Abdou
etal. [2] analyzed outcomes from the American National
Trauma Data Bank (NTDB), examining 2,873 and 3,698
patients, respectively, although only a small fraction
underwent endovascular treatment (5.7% and 5.3%).
Recent reviews by Vaidya et al. [3] and Qi et al. [4]
in 2024 include meta-analyses comparing open and
endovascular treatments for popliteal injuries. However,
the quality of data in these studies is limited due to
the studies included. Qi et al’s meta-analysis primar-
ily relies on NTDB data, which only tracks in-hospital
outcomes, failing to provide insights into long-term
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vascular reconstruction performance. Vaidya et al’s
review involves 864 patients, but 3 out of 8 studies
on endovascular treatment lacked follow-up, and the
other studies (56 patients) had a mean follow-up of just
33 months.

Overall, these studies indicate minimal differences
between open and endovascular techniques for popliteal
injuries in the short perspective. However, the significant
issue of long-term patency with endovascular methods
remains largely unaddressed. It is therefore concern-
ing that many authors still describe the endovascular
approach as “promising.”

A notable study by Jiang et al. in 2020 [5] evaluated
46 patients with popliteal injuries treated with 41 stent
grafts, reporting a primary patency rate of 75.3% at
12 months, 61.9% at 24 months, and 55.7% at 48 months,
with an assisted patency rate of 85.2% at 48 months.
These long-term results are strikingly similar to those for
other popliteal stent graft treatments. In line with Jiang
et als result, Saxon et al. [6] reported a primary patency
of only 55% after four years for stent grafts used in pop-
liteal artery aneurysm treatments, while Cervin et al. [7]
found a 44% occlusion rate after stent grafting compared
to 17.6% for open bypass surgery at three years.

Given these findings, I express concerns about using
a stent graft in a young, healthy patient. In cases of pop-
liteal AVF presenting electively, my concerns intensify. If
endovascular treatment is considered, a self-expanding
stent graft—exclusively used in the studies cited—should
be the choice.

Open surgical repair of a traumatic AVF in the pop-
liteal segment is typically straightforward, raising the
question of why a young patient should face the risks
of stent graft occlusion. Reporting only in-hospital or
six-month results seems inadequate, especially for a
35-year-old man whose long-term function is at stake.

I strongly believe that stent grafts in highly mobile
arteries, such as the popliteal artery, should be reserved
for young patients facing immediate life-threatening
conditions or, rather, used temporarily, with plans for
open reconstruction. Additionally, T urge the authors
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to ensure that their patient undergoes long-term ultra-
sound monitoring to facilitate timely management of
the stent graft occlusion.
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Motorcycle accidents can cause complex orthopedic and vascular injuries, posing diagnostic and treatment chal-
lenges. We present a case of a 34-year-old Albanian man with a multi-ligament knee injury and arterial thrombosis in
his left leg following a motorcycle accident. The patient initially received conservative care but developed severe leg
pain, coldness, and numbness, prompting urgent vascular imaging. Imaging confirmed popliteal artery thrombosis,
necessitating surgical intervention. This case highlights the severe complications of motorcycle accidents, empha-
sizing the need for prompt vascular injury detection and a multidisciplinary approach in trauma management. Early
recognition and timely intervention are crucial to prevent long-term morbidity and to optimize recovery. Further
research is needed to improve diagnostic and treatment strategies for vascular complications in such injuries.
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INTRODUCTION

Multiple ligament knee injuries are usually the result of
knee dislocations following either high-energy motor
vehicle accidents or low-velocity sports injuries [1].
Significant morbidity is associated with knee dislocation
including multiple ligament disruption, infections, vas-
cular and neurologic complications following injury and
surgery, compartment syndrome, complex regional pain
syndrome, deep venous thrombosis, and neurovascular
damage. The term multi-ligament knee injury includes
all ruptures of two or more major ligaments. Therefore,
it has a broad spectrum of clinical presentation, cre-
ating a great challenge for orthopedists and surgeons
involved in this topic. Motorcycle accidents can result
in severe musculoskeletal injuries and vascular compli-
cations, presenting significant challenges in diagnosis
and management. Vascular injury secondary to an acute
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knee dislocation is a known complication. However,
wide discrepancies exist in the reported rate of vascular
injury in this setting [2-5]. Even when a knee disloca-
tion is diagnosed, a neuro-vascular lesion may go unno-
ticed if the patient is not properly examined and if some
simple tests, such as the Ankle-Brachial index that can
alert us to a popliteal arterial lesion, are not used. On
some occasions when patients arrive unconscious in the
emergency department, a peroneal nerve lesion may be
neglected, which can have serious consequences [5-8].
Here we present a case report of a 34-year-old Albanian
man who sustained a multi-ligament injury to the left
lower extremity and developed arterial thrombosis
following a motorcycle accident. The patient’s clinical
presentation, diagnostic workup, and management are
discussed, highlighting the importance of prompt rec-
ognition and multidisciplinary care in optimizing out-
comes for trauma patients.

This case presentation aims to highlight the diagnos-
tic and therapeutic challenges encountered in managing
a patient with arterial ischemia following a motorcycle
accident, emphasizing the importance of prompt recog-
nition and multidisciplinary intervention in optimizing
patient outcomes.

CASE PRESENTATION

A 34-year-old Albanian man was brought to the
Regional Hospital following a motorcycle accident.
Initial evaluation revealed multi-ligament injury of the
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left knee, including damage to the geniculate arter-
ies, and associated soft tissue trauma. The patient was
immobilized, and conservative management was ini-
tiated with pain control and elevation of the affected
limb. However, on the fourth day of hospitalization in
the Regional Hospital, the patient reported severe pain,
coldness, and numbness in the left lower extremity.
Physical examination revealed absent pedal pulses and
sensory deficits in the foot, raising concerns for vascu-
lar compromise. Urgent Doppler ultrasound confirmed
the presence of thrombosis in the left popliteal artery,
necessitating immediate intervention from a vascular
surgeon. Despite anticoagulation therapy, antibiotics,
immobilization, and analgetics, the patient continued to
experience persistent pain, sensory deficits, and motor
dysfunction in the affected limb for over a week in the
Regional Hospital. Urgently transferred to a University
Clinical Center, diagnostic imaging with angio computed
tomography (angioCT) of the lower extremities revealed
a laceration and extravasation of the left popliteal artery
with intramural thrombosis and massive hematoma.

Additionally, magnetic resonance imaging (MRI)
demonstrated a fracture of the intercondylar eminence
of the left knee, consistent with a multi-ligament knee
injury (KD IV), along with associated knee contracture
and paralysis of the left peroneal nerve.

On the 13th day post-injury, the patient underwent
surgical intervention by a vascular surgeon. An arte-
rial bypass was established from the superficial femo-
ral artery to the second segment of the popliteal artery
within Hunter’s canal, using a 25 cm autograft from the
contralateral vena saphena magna. The procedure was
performed through a medial approach. Intraoperatively,
while accessing the popliteal artery on the posterior
aspect of the knee, considerable damage to knee struc-
tures was observed during the evacuation of a large
hematoma.

The surgery lasted approximately 5 hours. Medial
and lateral fasciotomy of the crural region was per-
formed, revealing that the muscles in that area did not
have preserved vitality. Postoperatively, the patient was
treated with high-molecular-weight anticoagulants,
broad-spectrum antibiotics, blood products, plasma,
and albumin. Immediately after the surgery, the patient’s
foot warmed up; however, the peroneal nerve paresis
persisted.

By the third day after surgery, local infection was
detected while cleaning the wound, with significant
undermining observed (Figure 1).

Therefore, a swab was taken from the wound, iso-
lating Enterobacter spp. Local antibiotics were applied,
and it was recommended that the patient undergo
debridement of necrotic muscles, especially in the area
of the anterior tibial artery, under anesthesia (Figure 2).

The patient underwent arterial duplex ultrasound
while in bed, revealing triphasic flow in the dorsalis
pedis artery and the posterior tibial artery. Due to the

infection and radical necrectomy of the tibialis anterior
muscle, the anterior tibial artery was completely visu-
alized in the lateral portion, significantly limiting local
manipulations. Therefore, a vacuum pump at very low
pressure was applied, which noticeably promoted local
granulation (Figure 3).

After four weeks of treatment, the patient under-
went a final procedure where a plastic surgeon sutured
the medial side of the lower leg, leaving the lateral side
for secondary healing, with dressings twice daily. The
patient remained immobile in bed, without foot sen-
sation or movement. Measures were taken to prevent
heel ulcers, although knee pain led to a contracture. Due
to persistent infection in the lateral wound, a vacuum
pump was reapplied, which was changed every three
days. Consultations with a neurosurgeon, physiatrist,
and orthopedic surgeon were sought, although no inter-
ventions were carried out due to the foot’s condition.

After five weeks of hospitalization, the patient was
discharged home in an overall improved condition, with
mildly elevated inflammatory markers, secondary heal-
ing wounds in the lateral aspect of the crural region, and
persistent pain and contracture in the left knee, without

Figure 1 Open wound on the lateral aspect of the
crural region.
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Figure 2 Wound infection after its closure.

bending the knee, with pulses present in the dorsalis
pedis and tibialis posterior arteries. The wound healing
process took several months, with phases of exacer-
bation and improvement, accompanied by continuous
monitoring of wound swabs with antibiotics.

Additionally, therapy with antiplatelet agents was pre-
scribed, including an Aspirin 100 mg tablet once daily
and a Clopidogrel 75 mg tablet once daily. Meanwhile,
the patient, although engaging in physical exercises for
other parts of the body, has never rested the leg on the
ground.

Seven months after injury, once the wound was fully
healed, the patient underwent electromyography of the
left leg, an MRI of the left knee, and knee arthroscopy.
Orthopedic surgery included anterior cruciate ligament
(ACL) reconstruction with a 9.5 mm quadriceps graft,
secured by an ACL TightRope and bioabsorbable screw.
Posterior cruciate ligament (PCL) reconstruction used
a 7.0 mm hamstring graft from the opposite leg, with
ACL TightRope and bioabsorbable screws for fixation.
PCL reconstruction utilized a 5.0 mm ipsilateral semiten-
dinous graft, fixed by a bioabsorbable screw (modified
Larson technique). Post-surgery, the left peroneal nerve

A\
R
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-

Figure 3 Vacuum pump application.

was explored and decompressed. The patient was dis-
charged on the second day, instructed to weight-bear as
tolerated. After physical therapy, the patient walks with-
out issues, with plantar flexion, and uses an ankle-foot
orthosis for dorsiflexion.

Ethical Approval and Informed Consent

Ethics committee approval was not required for this
study. Informed consent was obtained from the patient.

DISCUSSION

Motorcycle accidents can result in complex orthopedic
injuries and vascular complications, posing significant
challenges in diagnosis and management [1-3]. Knee
dislocations associated with vascular injuries generally
have a poor prognosis. It has been reported that one in
five patients who present to a trauma center with an
avascular limb associated with a knee dislocation will
require amputation [5-8]. The risk of popliteal artery
injury with a knee dislocation has varied from 7 to 40 %,
with more contemporary studies reporting an injury in
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the range of 7 to 15%. In addition, if the vascular repair
is delayed past 8 hours of ischemia, there is a reported
86% amputation rate [9-12]. In this case, the patient’s
presentation of severe pain, coldness, and sensory defi-
cits in the left lower extremity raised concerns for vas-
cular compromise, prompting urgent vascular imaging
and intervention. In our case, the patient was diagnosed
with arterial ischemia 7 days after the injury.

Thrombosis of the popliteal artery is a known com-
plication of lower extremity trauma and can result in
limb-threatening ischemia if left untreated [5-10]. Prompt
recognition and intervention are essential to prevent com-
plications, such as post-thrombotic syndrome and limb
loss. The peroneal nerve is often severely stretched, and no
treatment to date has been very encouraging. An ankle-
foot orthosis or tendon transfer to achieve dorsiflexion
may be needed [7-12].

CONCLUSION

Motorcycle accidents can lead to severe musculoskele-
tal and vascular injuries, posing challenges in diagnosis
and treatment. Popliteal artery injury after knee dislo-
cation often follows a fall, while, with knee fractures,
it is rare and usually linked to motor vehicle accidents.
This case underscores the need for a multidisciplinary
approach for trauma patients with complex orthopedic
and vascular issues. Prompt detection of vascular injury
is essential to improve outcomes and reduce long-term
complications. Delayed treatment in major arterial inju-
ries raises amputation risks, but timely revasculariza-
tion in stable patients may save limbs. Further research
could enhance diagnostics and treatment for these vas-
cular injuries.
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INTRODUCTION

Blunt thoracic aortic injury (BTAI) presents a significant
challenge in trauma management in patients presenting
with multi-system injury. It remains the second most com-
mon cause of death in the setting of blunt chest trauma
[1]. The pathogenesis is secondary to rapid deceleration,
which exerts shear and tensile forces on the aortic wall,
concentrated at the aortic isthmus, distal to the left sub-
clavian artery (LSA) [2]. These forces can cause intimal
tears, intramural hematomas, and even aortic transection
as summarized in the GRADE classification (Table 1) [3].
Most patients with BTAI die before arriving at the
hospital and in-hospital mortality has been reported to
be as high as 46 % [4]. Early diagnosis is critical as many
in-hospital deaths occur within the first 24 hours [5].
In the absence of competing management priorities for
hemodynamic instability and concomitant injuries, such
as traumatic brain injury (TBI), medical management of
BTAI includes anti-impulse therapy. In the context of
descending thoracic aortic injuries, anti-impulse therapy
consists of maintaining a target blood pressure of 100-
120 mmHg and a heart rate of less than 60 bpm [6].
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Surgical management depends on both the degree of
injury and the required triaging of concomitant inju-
ries. Aortic rupture is a surgical emergency requiring
immediate intervention. Intimal tears are managed with
anti-impulse therapy alone. Intramural hematomas are
usually treated using anti-impulse therapy, with surgical
intervention individualized to the patient considered in
a delayed fashion [5]. Management of an aortic pseu-
doaneurysm is surgical, with timing of surgical inter-
vention dependent on the presence of high-risk features
(Table 2). An emergency intervention is indicated when

Table 1 GRADE classification of blunt thoracic aortic injury
(BTAI).

GRADE classification of BTAI

1. Intimal tear

2. Intramural hematoma
3. Aortic pseudoaneurysm
4. Aortic rupture

Table 2 High risk features of aortic pseudoaneurysm in blunt
thoracic aortic injury (BTAI).

High risk features of aortic pseudoaneurysm in BTAI

Aortic arch hematoma

Ascending aortic, aortic arch, or great vessel involvement
Mediastinal hematoma causing mass effect

Posterior mediastinal hematoma > 10 mm

Lesion to normal aortic diameter ratio > 1.4

Disruption of > 50% of aortic wall circumference
Pseudocoarctation of the aorta

Large left hemothorax
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high risk features are present. Otherwise, an interven-
tion is recommended within the first 24 hours [5].

Thoracic endovascular aortic repair (TEVAR) is the
mainstay of surgical intervention due to its superior sur-
vival rate compared to open repair, especially in unstable
patients [7]. The challenge remains in the management of
BTAI with extension into the aortic arch, without a suit-
able landing zone distal to the LSA. Coverage of the LSA
with a Zone 2 TEVAR deployment may be required in
some cases to ensure adequate seal of the site of injury, and
concomitant injuries may preclude safe extra-anatomic
revascularization of the arch vessels.

Novel innovations such as the Gore Thoracic
Branched Endoprosthesis (TBE) add to the toolbox of
the vascular surgeon in the setting of BTAIL In Canada,
the TBE device has recently received Health Canada
approval with limited authorized special access across
the country. The use of a TBE device allows for Zone 2
stent graft deployment with simultaneous endovascu-
lar revascularization of the LSA. The following is the
presentation of the first two Canadian cases of BTAI
treated with the Gore TBE.

CASE SERIES

Case Report 1

A 27-year-old male was involved in a motor vehicle col-
lision at highway speeds. On arrival at a peripheral hos-
pital, he was hemodynamically stable with a Glasgow
Coma Scale score of 8. Endotracheal intubation was
attempted for airway protection but failed, following
which a cricothyrotomy was performed. The computed
tomography (CT) scan showed a large traumatic hema-
toma centered in the left submandibular space, bilateral
pulmonary hemorrhage, pneumomediastinum, sub-
arachnoid hemorrhage, and a traumatic aortic injury
with intimal tearing in Zones 2 and 3 of the aorta. This
scan was initially interpreted as a Grade 1 injury.

The patient was transported to our tertiary level
1 trauma center. The BTAI was managed with anti-
impulse therapy with agreement from the neurosurgery
team. A repeat CT scan seven days later demonstrated
progression to a Grade 3 BTAI with a 1 cm pseudo-
aneurysm extending into Zone 2 on the inner curve of
the aortic arch, as well as a codominant left vertebral
artery (Supplementary Video 1; Supplementary Digital
Content is available online at https://doi.org/10.26676/
jevtm.33826). Due to the presence of the codominant
vertebral artery and in the setting of TBL it was felt that
a Zone 2 TEVAR without subclavian revascularization
was not appropriate. It was also felt that the presence
of a surgical airway significantly increased the risk of
a bypass graft infection with a left carotid-subclavian
bypass. A Gore TBE device was immediatetly acquired.

The patient was brought urgently to the operating
room. Using ultrasound guidance, percutaneous arterial

and venous access was obtained. Systemic heparin was
administered. A 12 F Gore dryseal sheath was advanced
from the right femoral vein to the cavoatrial junction.
A pigtail catheter was positioned in the ascending aorta
from the left common femoral artery. A Lunderquist
wire was positioned at the aortic root of the right com-
mon femoral artery and a 22 F Gore Dryseal sheath
was advanced to the descending thoracic aorta. A snare
sheath was advanced in a coaxial fashion from the right
common femoral artery within the 22 F sheath and posi-
tioned in the descending thoracic aorta. From the left
radial access, a 6F Terumo R2P sheath was advanced
retrograde into the LSA. The descending thoracic aorta
was cannulated from the LSA with a hydrophilic glide
wire, which was subsequently snared. A 26 mm by
15 cm Gore TBE Aortic Component was advanced
into the aortic arch, the C-arm was positioned with an
extreme cross-table angulation, and an angiogram was
performed. A cava balloon was advanced into the right
atrium and inflated to induce systolic hypotension, allow-
ing for precise deployment of the device. Final position-
ing of the graft was confirmed to be in Zone 2, just distal
to the left common carotid artery as desired. The cava
balloon was deflated, and a 12 mm by 6 cm long sub-
clavian branch was then advanced, deployed, and post-
dilated. Completion aortography demonstrated wide
patency of the carotid and subclavian arteries. All devices
and wires were subsequently removed, and all access sites
were closed. A CT Angiogram obtained on post- operative
day 4 demonstrated widely patent stent grafts with no
endoleaks (Supplementary Video 2). The patient was
discharged home on post-operative day 10. A 3-month
follow-up CT demonstrated exclusion of the traumatic
pseudoaneurysm and patent aortic and LSA stents.

Case Report 2

The second case is that of a 65-year-old male who fell
10 m off scaffolding. The patient had loss of conscious-
ness at the time of the event. His concomitant injuries
included bilateral wrist fractures, rib fractures, and a
right-sided pneumothorax. A CT scan was performed
that demonstrated an aberrant right subclavian artery
(RSA) and a Grade 3 BTAI, with a focal pseudoaneu-
rysm at the origin of the aberrant RSA that projected
superomedially and was surrounded by a mediastinal
hematoma (Supplementary Video 3). The patient was
transferred to our level 1 trauma center and anti-im-
pulse therapy was initiated.

Upon arrival, the patient was taken to the operat-
ing room for a combined cervical debranching proce-
dure and placement of the Gore TBE. It was determined
that bilateral carotid subclavian bypasses would not be
appropriate given the increased risk of airway compro-
mise due to neck edema post-operatively, and a plan to
revascularize his RSA with an open bypass and concom-
itant endovascular repair of his LSA was undertaken.
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Appropriate exposure of the second portion of the
aberrant RSA was obtained. The dissection was then
extended medially allowing for exposure of the carotid
sheath; the common carotid artery was proximally and
distally controlled. In this case, the left axillary artery
was exposed for direct placement of the LSA stent to
avoid the use of radial access at the left wrist fracture.

After ultrasound-guided arterial and venous access
was obtained, the patient was systemically heparinized.
A bypass was then performed using a 6 mm polytetra-
flouroethylene propaten graft from the right common
carotid artery to the second portion of the RSA.

After completion of the right carotid to subclavian
bypass, the same procedure as described above was
performed for deployment of the 34 mm x 15 cm TBE
Aortic Component with a 15 mm X 6 cm LSA stent over
a “through and through” wire passed from the left axil-
lary artery. A aortography on completion demonstrated
wide patency of the left subclavian branch and no signs
of an endoleak. A CT angiogram obtained on post-
operative day 1 demonstrated the expected persistent
type Il endoleak from retrograde flow related to the aber-
rant RSA (Supplementary Video 4). On post-operative
day 2 the patient underwent the planned second stage of
the intervention: successful coil embolization of the rem-
nant pseudoaneurysm along the origin of the aberrant
RSA. The patient was discharged home on post-operative
day 9.

Ethical Approval and Informed Consent

Ethical approval was not required. Informed consent
was obtained from both patients in this case series.

DISCUSSION

The surgical management of BTAI continues to evolve.
Historic management of BTAI prior to the endovascu-
lar era involved open repair via thoracotomy, aortic
cross-clamping, and left-heart bypass, or deep hypother-
mic circulatory arrest. The advent of TEVAR ushered
in a new era of management of BTAI with substan-
tially reduced mortality and morbidity for patients [7].
Ongoing challenges with the surgical management of
BTAI involve patients with injuries extending proximal
to Zone 3 that have contraindications to primary LSA
coverage where revascularization of the LSA is required
(Table 3) [8].

Non-revascularization of the LSA in TEVAR is asso-
ciated with increased risk of stroke and spinal cord
ischemia [9-10]. Literature specific to BTAI supports
additional considerations for LSA revascularization as
trauma patients are at significantly higher risk of devel-
oping ischemic symptoms of the left upper extremity
than non-trauma patients after coverage of the LSA [11].

In trauma patients where proximal TEVAR and LSA
revascularization is required, cervical debranching has

Table 3 Contraindications to left subclavian artery coverage in
thoracic endovascular aortic repair (TEVAR) [8].

Contraindications to left subclavian artery coverage in TEVAR

1. Presence of left internal mammary artery coronary artery
bypass graft

2. Termination of the left vertebral artery in a posterior inferior
cerebellar artery (PICA)

3. Dominant left vertebral artery or occlusion of the right
vertebral artery

4. Functioning left arm arteriovenous fistula

5. Priorinfrarenal aortic repair with ligation or coverage of lumbar
arteries

6. Planned long-segment (20 cm) coverage of the descending
thoracic aorta

7. Hypogastric artery occlusion

been the intervention of choice. Complications due to
cervical debranching procedures are not insignificant
and can be observed in up to 30% of patients [12].
These complications include phrenic nerve injury,
brachial plexus trauma, thoracic duct injury with
chylothorax or prolonged wound drainage, swallow-
ing dysfunction with aspiration, graft thrombosis,
graft infection, and wound complications [12-14]. In
addition, cervical debranching remains a challenge in
patients with concomitant neck trauma, lacerations,
C-spine injury and immobilization, or tracheostomy.
TBE offers a minimally invasive operation in these
patients that may avoid many of the complications
associated with debranching.

The TBE device has allowed vascular surgeons to
electively treat proximal aortic arch pathology while
maintaining perfusion to the LSA with excellent results
to date in experienced centers [15]. Additionally, results
from a non-randomized trial performed in the United
States across 34 sites suggest TBE in BTAI has favorable
outcomes [16]. The wider availability of this device will
allow for the application of this technology in the hyper-
acute setting for patients with BTAIL, the most lethal of
the thoracic traumatic injuries. Careful patient consid-
eration is required with respect to anatomic suitability;
a retrospective review evaluating various anatomical
features in patients undergoing TEVAR found that only
32% of patients are suitable candidates for theoretical
TBE intervention [17]. We have demonstrated the clin-
ical utility of this emerging technology in the setting
of acute BTAI and will continue to use this device in
appropriately selected patients.

CONCLUSION

This report demonstrates two successful percutane-
ous endovascular repairs of BTAI using the Gore TBE
device to preserve left subclavian perfusion. Off-the-
shelf branched thoracic endografts in BTAI should be
considered by experienced TEVAR trauma centers in
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patients requiring LSA revascularization with appropri-
ate anatomy who are at increased risk of complications
from either Zone 2 TEVAR coverage alone or cervical
debranching procedures. Widespread access to these
devices will allow for further review of outcomes in this
challenging patient population.
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Supplementary Video 1. Video of pre-operative com-
puted tomography scan for case report 1.

Supplementary Video 2. Video of post-operative com-
puted tomography scan for case report 1.

Supplementary Video 3. Video of pre-operative com-
puted tomography scan for case report 2.

Supplementary Video 4. Video of post-operative com-
puted tomography scan for case report 2.
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Background: The goal of the present national survey was to describe the practices and use of resuscitative endovas-
cular balloon occlusion of the aorta (REBOA) in France in level-1 trauma centers.

Methods: Between January and December 2023, the ACUTE SFAR (Société Francaise d’Anesthésie et de Réanimation)
committee sent a numeric survey to each French level-1 trauma center. This survey was focused on REBOA in trauma
management including: use, protocol (indications, placement, aortic occlusion durations), aortic occlusion location
(Zone 1/Zone 3), partial occlusion (pREBOA), device characteristics, operator, specific complications.

Results: Among the 41 French level-1 trauma centers, 18 (44%) had incorporated REBOA in their algorithm. In 2022,
78% (14/18) of these centers had experienced between 1 and 5 REBOA placements, 11% (2/18) between 6 and 10,
and 6% (1/18) 10 or more placements. The frequency of REBOA procedures increased with the duration of REBOA
availability at the center. A protocol for REBOA placement was present in 28% (5/18) of centers. An anesthesiologist-
intensivist was the operator in 50% (9/18), a surgeon in 28% (5/18), and a radiologist in 22% (4/18) of centers. The
proportion of centers using REBOA in Zone 1 was 39% (7/18), and pREBOA 33% (6/18). The maximum duration of
complete aortic occlusion was specified in 50% of centers for Zone 1 and 78% for Zone 3.

Conclusions: Use of REBOA is modestly spread among the French trauma centers, and in less than half of centers.
Specific protocols are present. Anesthesiologist-intensivists are the operators in only half of these centers.
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INTRODUCTION

The management of severe trauma casualties is a sig-
nificant public health concern in most countries.
Uncontrolled bleeding remains responsible for early death
in nearly 10% of traumatic patients [1]. Resuscitative
endovascular balloon occlusion of the aorta (REBOA) is
an emergency procedure used to achieve an abdominal
intra-aortic occlusion for hemodynamic unstable trauma
patients awaiting life-saving management [2]. Data have
been increasingly published since the introduction of
REBOA by Hughes [3]. The integration of REBOA these
past 10 years has offered a deep change of view on the
acute management of bleeding trauma patients. With a
REBOA placement upon hospital admission, the duration
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of active bleeding ends with the aortic occlusion, which
differs from management without REBOA, where the
time required for hemostatic procedures must be added
[4-6]. This difference is particularly interesting in coun-
tries in which surgeons are not the designated physicians
to manage first-line trauma patients upon hospital admis-
sion [4].

In France, severe trauma patients are directed from
the trauma scene towards regional level-1 trauma cen-
ters based on prehospital medical team reports and
severity clinical criteria [7]. In most of these centers,
anesthesiologist-intensivists are the designated phy-
sicians to provide immediate care upon admission.
Because of their skills in many fields, such as ultraso-
nography or percutaneous vascular catheter insertion,
the REBOA device could be an interesting tool in order
to limit incompressible delays in the presence of hemo-
dynamic instability or to the need to call the appropri-
ate surgeon or organize a hemostatic intervention [8,9].
However, several concerns still exist among French
trauma experts, making the place of REBOA unclear
in the French trauma system. The discussions between
these French trauma experts suggest that REBOA has
not been widely adopted in the trauma centers across
France. Furthermore, no study has comprehensively
described the use of REBOA on a national scale.

The main objective of the present work was there-
fore to provide an up-to-date overview of REBOA use in
French level-1 trauma centers. A secondary objective was
to characterize and detail the clinical practices related to
REBOA in centers with experience in this procedure.

METHODS

Study Design

A prospective study was conducted in France using a
declarative survey between January 2023 and December
2023. A link to an open Google Form Internet Survey
was sent by email to the referents of all medical teams
in each of the 41 level-1 trauma centers (Supplementary
File 2). All participants also received information about
the survey objectives in the preface of the questionnaire.
The design of the present study was clearly indicated
in order to obtain informed consent. It was especially
stated that the survey questioned institutional habits of
the trauma center rather than individual ones. Only one
response by each trauma center was considered. The data
were treated in a blinded manner to maintain the ano-
nymity of responses. This survey was developed in accor-
dance with available guidelines for self-administered
surveys [10]. No patient case was mentioned. Responses
were made on a single web page with one “submit” but-
ton that only allowed submissions via these unique links,
thus making non-invited responses impossible. The sur-
vey was conducted in accordance with the Checklist

for Reporting Results of Internet E-survey (CHERRIES
[11], Supplementary File 3).

Data Collection

The survey was designed and written by PG and then
reviewed, tested, and validated by JC, HQ, and TC (as
trauma experts) before being sent out. The survey was
constructed in four parts:

e Identification of the trauma center (region, city, and
department).

e Department organization regarding REBOA: writ-
ten service protocol for indications or placement
of REBOA, maximum duration of complete aortic
occlusion, availability of a REBOA kit, presence of
a physician referent in the trauma center.

e Experience in REBOA management: number of insti-
tutional procedures in 2022, indications, diameters
of sheath, and balloon catheter, durations of aortic
occlusion, used zones of aortic occlusion (Zone 1
[left subclavian artery to celiac trunk]| and/or Zone
3 [lowest renal artery to aortic bifurcation]), and
specific modalities of use (partial aortic occlusion
[pPREBOA], performance of computed tomography
scan or embolization with a REBOA).

e Practice improvement: wish to receive REBOA
training or to participate in a national register
focused on REBOA.

Statistical Analyses

Given the purely descriptive nature of this survey, no
specific statistical analysis was planned. The analysis
was focused on the subgroup of trauma centers that
used REBOA. Continuous variables were described as
medians (interquartile ranges [IQR]) and categorical
variables as absolute numbers and percentages (%). A
stratification of these data was proposed according to
duration of REBOA availability, as well as number of
placements in 2022.

Ethical Approval and Informed Consent

Ethical approval was not required. This was an anony-
mous numeric survey considering no patient data, but
merely an institutional organization, so no individual
informed consent was required.

RESULTS

A total of 41 online responses were obtained during the
study period, representing 100% of the French level-1
trauma centers. Eighteen (44%) of the centers reported
REBOA use in their traumatic management. Figure 1 pro-
vides details of the distribution of these trauma centers
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across the country. Among the centers using REBOA, 78 %
(14/18) had performed between 1 and 5 REBOA place-
ments during 2022, 11% (2/18) between 6 and 10, and
6% (1/18) 10 or more placements during the year. This
number of annual procedures increased with the duration
of REBOA availability in the center (Figure 2a,b).

In the subgroup of centers using REBOA, 28 % (5/18)
implemented a protocol for procedure and placement.
According to hemorrhagic context, 100% (18/18) of the
centers used REBOA on the source of pelvic bleeding,
78% (14/18) on the source of abdominal bleeding, and

o

BEECON

Number of REBOA placed in 2022
Figure 1 REBOA use in French level-1 trauma centers.
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67% (12/18) on the source of lower limb bleeding. An
anesthesiologist-intensivist served as the operator in half
of the centers (9/18), while the operator was a surgeon
in 28% of centers (5/18), and an interventional radiol-
ogist in 22% of centers (4/18). The duration of REBOA
availability in the center did not appear to directly influ-
ence the involvement of anesthesiologist-intensivists
(Figure 2¢).

Concerning aortic occlusion practices, 39% (7/18)
of the centers used REBOA in Zone 1. The maxi-
mum durations of complete occlusion allowed in the
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Figure 2 Clinical practices focused on REBOA in French level-1 trauma centers.
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protocols were, as expected, higher for Zone 3 (Figure
3). Only 50% of centers (9/18) had a protocol for
Zone 1 with a duration limit of complete aortic occlu-
sion; there were 22% (4/18) at 30 minutes, 17% (3/18)
at 45 minutes, 11% (2/18) at 60 minutes, and none
at 120 minutes. This rate was 78% (14/18) for Zone
3; corresponding values were 6% (1/18), 11% (2/18),
28% (5/18),17% (3/18), and 39% (7/18), respectively.
The practice of pREBOA was used in 33% (6/18)
of the centers, increasing with REBOA experience
(Figure 2d).

Figure 4 provides details of the types of complica-
tions observed in the trauma centers with REBOA use.
The main reported complication was vascular, either
distal ischemia or dissection injury, with 50% (9/18) of
the centers reporting this complication, albeit in a minor
proportion of cases. Hemorrhagic complications were
also observed (28%; 5/18) as well as septic complica-
tions (17%; 3/18).

Finally, a majority of the 41 French level-1 trauma
centers declared their wish to receive theoretical infor-
mation (80%j; 33/41) or practical training (83 %; 34/41)
on the placement of REBOA. Eighty-eight per cent of
centers (36/41) also declared that they were interested
in participating in a national register or study.

DISCUSSION

In our national survey that specifically assessed the
use of REBOA in all French level-1 trauma centers,
we highlighted that less than half of these institutions
had experienced at least one REBOA placement. While
almost all of these centers had a specific protocol, the
proportion of those using REBOA in Zone 1 was lower
than 40%, and only one-third of centers used partial
REBOA. In half of these centers, REBOA procedures
were performed by anesthesiologist-intensivists. For
the year 2022, the majority of centers using REBOA

Duration limit of aortic occlusion in zone 1
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0%
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Figure 3 Protocol of aortic occlusion durations.
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Figure 4 Specific local complications related to REBOA.
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reported a number of placements lower than 5, with
almost all reporting a number of placements lower than
10. Therefore, to date, REBOA remains poorly distrib-
uted and rarely used in the context of trauma in France.

Several characteristics of REBOA would seem to make
this life-saving procedure an attractive tool in the French
trauma system. Firstly, there is its simplicity of placement
for an anesthesiologist-intensivist, who receives trauma
patients in most French level-1 trauma centers [7,12].
Historically, REBOA has been proposed using a surgical
approach, making this hemostatic intervention relevant
mainly in countries where trauma surgeons are the first
physicians upon admission [13]. These last years, the
percutaneous approach has been successfully adopted
by many teams, establishing it as the current standard
of care [14]. The percutaneous approach appears thus
to be more suitable for anesthesiologist-intensivists who
are accustomed to these vascular access techniques, espe-
cially helped by ultrasonography [8,9]. Secondly, REBOA
is reputed to be more relevant in cases of multiple inju-
ries or multiple bleeding sources [15,16]. REBOA could
therefore be of valuable help for the anesthesiologist-
intensivist in the presence of multiple bleeding sources
to limit blood loss, while activation and coordination of
different physicians may be challenging [16]. In addition
to temporarily stopping the bleeding, aortic occlusion in
cases of massive blood loss helps maintain acceptable
hemodynamic targets to preserve cerebral and coro-
nary perfusion [17]. Optimization of these physiological
parameters, which are the cornerstone of trauma resus-
citation, is indeed crucial in the presence of traumatic
brain injury or multiple organ failure. All these argu-
ments therefore play in favor of REBOA use in French
trauma centers and its placement by anesthesiologist-
intensivist in the emergency room. However, one of our
main findings is that less than 50% of French trauma cen-
ters had used REBOA up until the start of our survey. We
hypothesize that the transfer of a surgical technique to
another specialty takes longer to implement. Moreover,
only half of the centers that have incorporated REBOA
into their therapeutic arsenal have declared in our study
that this procedure was performed by anesthesiologist-
intensivists. A better understanding of clinical experience
could probably help to propose guidelines for this prac-
tice in a trauma setting.

While the efficacy of REBOA for trauma has been
widely recognized compared to resuscitative thoracot-
omy or open aortic occlusion, its use in the country
appears to be limited [6,18,19]. This technique may
indeed be intimidating for physicians due to the poten-
tial for misuse, which could lead to local complications
or ischemia-reperfusion injuries. Another concern is
the possible additional delays that could be gener-
ated by the introduction of REBOA in acute bleeding
management. So, how should we analyze the specific
constraints related to REBOA in the French trauma
system? Firstly, the risk of time loss is a significant

concern when considering REBOA. Delaying hemo-
static control is obviously undesirable and could result
in a higher mortality rate [20]. Using a Bayesian anal-
ysis, a prospective randomized series indeed suggested
that lost time in the REBOA group might induce a
higher mortality rate. However, there were limitations
in this cohort, such as a low proportion of hemo-
static interventions, questioning of selection criteria
for included patients, or delays in achieving hemo-
static interventions. Anyway, this specific concern is
still unresolved, leading to possible doubts as to the
benefit of REBOA. What is certain, in contrast, is that
the REBOA procedure must be timed, and a maxi-
mum duration must be defined in the center protocol.
Following this reasoning, Brenner et al. [2] demon-
strated that aortic occlusion can be achieved within
a few minutes in most cases when physicians are
trained, whether in cardiac arrest or circulatory shock.
Secondly, the morbid consequences of mesenteric or
hepatic ischemia-reperfusion are well known in cases
of aortic occlusion, necessitating a limit on occlusion
duration to 30-40 minutes in Zone 1 and 120-180
minutes in Zone 3 [21,22]. Physicians must know
that failure to respect this timing can be lethal, even
if the bleeding source is controlled. However, a partial
occlusion was demonstrated to allow a longer use of
REBOA without major consequences [23,24]. Simple
monitoring of arterial pressure level below the balloon
on the sheath is easy, simple, and allows one to main-
tain an acceptable perfusion pressure in the mesenteric,
pelvic, and lower limb areas. In our survey, only one-
third of the trauma centers using REBOA were famil-
iar with pREBOA. Intermittent aortic occlusion was
also proposed as an alternative to pREBOA, but with
lower tolerance [25,26]. We suppose that the increase
of REBOA experience could be associated with an
increase of pREBOA use in the French centers, which
is associated with less adverse consequences related to
ischemia-reperfusion [23,24]. It is of note that, to date,
only 50% of the French teams had performed aortic
occlusion in Zone 1, which may explain why pREBOA
was less commonly used. Thirdly, concerns about isch-
emic risk for the lower limb may also act as a barrier.
A significant size of sheath is indeed necessary to be
able to insert the balloon with a catheter that often
reaches a diameter of 7Fr. Historic sheaths had large
diameters (14-12Fr), and therefore it was legitimate to
fear significant ischemia and local complications [18].
However, such complications were described as low in
most series, particularly when sheath diameters were
lower than 10Fr [14]. To date, new devices exist with
lower diameters of sheath, 7Fr or smaller. These were
previously not available in France. The reduction of
this diameter may be the key to diffusion of REBOA in
our country, simplifying its placement and decreasing
the fear of critical limb ischemia or vascular compli-
cations. Fourthly, REBOA indications are very rare,
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even in a level-1 trauma center, with a few per year
[27]. This low rate contributes to a low knowledge of
the procedure and to the fear of its complications. The
more experienced clinicians are, the less fearful they
become and the more comfortable they are, leading to
an increase in the number of REBOA placements. This
was demonstrated by our national survey where the
number of annual procedures increased with the dura-
tion of REBOA availability in the center.

Although our study provides interesting and com-
prehensive results at a national level, it has several
limitations. Firstly, numerical surveys are subject to
a declarative bias. However, we clearly stated in our
methodological instructions that the responses should
strictly reflect the situation and practices in the cen-
ters. Secondly, our survey was conducted before the
publication of two major trials, presenting a risk of
changes in practices [6,20]. Thirdly, the number of
annual REBOA placements was low and varied from
year to year. Therefore, our analysis, which focuses on
2022, may not fully represent the usage of REBOA in
France. Fourthly, the UK-REBOA study [20] reported
a potential negative impact associated with misuse of
REBOA, which may slow down the development of
this procedure. Data collection for the present survey
was, however, achieved before the publication of this
work, allowing us to affirm it had a minor impact on
our analysis.

To conclude, our survey revealed that the utiliza-
tion of REBOA in French trauma centers prior to 2023
was modest, with less than half of the level-1 cen-
ters employing this technique. The annual number of
placements in these centers remains low, highlighting
the need for written and multidisciplinary protocols
in each facility. These protocols should include clinical
indications for REBOA placement, material, and pro-
cedural rules, as well as the timing of aortic occlusions
and the modalities of balloon deflation. Interestingly,
only half of the centers declared that placements were
performed by anesthesiologist-intensivists, despite
their primary role in patient admission. However, a
large majority of centers expressed interest in receiv-
ing practical and/or theoretical training in REBOA use.
Divergent conclusions from several studies, the low
number of indications, and technical complexity have
so far been obstacles to the development of REBOA
in our country. The emergence of a national academic
program and the determination of a consensual and
safe place for REBOA may facilitate its adoption in
expert centers.
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Education

EndoVascular resuscitation and Trauma Management — Specialists in Training (EVTM-ST) is a group
within the EVTM Society and EVTM Council who represent the interests of trainees, especially with

regards to training, education, research and exchange programmes.

One of the main EVTM-ST events is the monthly multidisciplinary international case discussions on
Zoom. An appreciated concept with focus on allowing the participating trainees to discuss a presented
EVTM case, with only one consultant present for guidance. Participants are from all around the world,
from various disciplines and with different levels of experience. We have great discussions, exchange

of knowledge and hear about different local experiences that everyone can learn from.

If you are interested in joining the EVTM-ST case discussions,

please email: david.mcgreevy@regionorebrolan.se



Coming Meetings

24th European Congress of Trauma and Emergency Surgery, 13-15th April 2025, Aachen, Germany

47th Annual CX Symposium, 23-25th April, 2025, London, UK
https://www.cxsymposium.com/

SSVS Swedish Vascular Meeting, 7-9th May 2025, Goteborg
https://ssvs.nu/event/ssvs-nationella-mote-2025-goteborg/

AAST Annual Meeting, 10-13th September 2025, Boston, MA, USA
https://www.aast.org/annual-meeting/2025-annual-meeting

ESVS Annual Meeting, 23-26th September 2025, Turkey
https://esvs.org/events/annual-meeting/annual-meeting-2025/

VEITH Symposium, 18-22nd November 2025, New York, USA
https://www.veithsymposium.org/

EVTM workshop dates, 11-12th September 2025
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EndoVascular resuscitation and Trauma Management

(EVTM)

Hands-on Workshop

Orebro University Hospital, Sweden 11— 12 September 2025

EndoVascular Resuscitation
and Trauma Management

Local team: Tal Horer, David McGreevy, Kristofer Nilsson, Artai Pirouzram, Rami Hammadi, Anna Stene,
Johan Josefsson, Jonas Berlin, Ida Liljeholm, TBA

Target: Surgeons, Vascular, IR, ED, Intensivists, Trauma, Civilians and Military with
interest in trauma/bleeding/resuscitation, emergency & pre-hospital teams

Date: 11-12/9/25
Workshop Directors: Tal Horer and David McGreevy

Workshop Registration: lotta@mkon.se or Hilda@mkon.se

Cost (cover expenses only): S00Eu. 400Eu for EVTM Society members
Place: Facility for experimental studies and surgical training, Orebro University Hospital.
Partners: See partner list on EVTM symposium site via www.jevtm.com

The aim of this one-day workshop is to train, stimulate discussion, mutual learning and
sharing of experiences while practicing EndoVascular resuscitation and Trauma Management
(EVTM) using a multidisciplinary team approach with emphasis on local resources. “No ego,
just good science, care and collaboration” is the main motion of the event. We are all here to
share, learn and develop, for our patients.

Tal Horer, Orebro University Hospital, tal.horer@regionorebrolan.se
+46196024632 (direct) / +46702383495 /+46196021111 (switchboard)
More info at www.jevtm.com/workshop and social media #EVTM
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The workshop is built on an individual, professional level and we will together explore
different methods for resuscitation, bleeding control, hemostasis, trauma management and bail-
outs. Some methods are used clinically world-wide, while some are under development and
have been used on selected patients. This workshop concentrates on basic and advanced aspects
of open and endovascular bleeding control techniques. We will combine open hemostasis and
endo aspects with vascular access, angiography, embolization, endografts, shunts and other
endo/hybrid solutions for the unstable patient. Hemodynamic instability with a focus on trauma,
non-trauma, bleeders and non-bleeders. From ruptures to gastrointestinal and gynecological
bleeders with a wide range of hemodynamic instabilities in focus. We will explore how methods
used by some disciplines can be used by others.

We will focus on clinical data and lessons learned from more than 20 years use of these methods
in clinical practice.

e Vascular access:
o Different methods (blind, doppler, ultrasound, fluoroscopy and cut down)
o Its use in hemodynamic unstable patients

e Aortic Balloon Occlusion (REBOA) basic and advanced methods and SAAP

e Basic/advanced angiography principles and practical tips

e Damage control EVTM and bailout methods — open, endo and hybrid

e Maintaining and closing a vascular access

e Basic and advanced postoperative considerations

e Up-to-date research and clinical experience

e C(Cases/discussions

e Knowledge of basic/advanced material and new technologies on the market

e Endografts, embolization material on the market, and what to use and when

e Open and endo/hybrid hemostasis. From junctional bleeding to rAAA

¢ Intensive training on live tissue

e [CU and post-operative aspects (such as IAH and ACS and its treatment)

e Basics for building an “EVTM service”; tools needed

e Advanced experimental methods in resuscitation using REBOA and ECMO with CPR

on live tissue models.
e  When should we choose open surgery and stop playing with endo?

The workshop is individually tailored during the practical parts (advanced and basic as needed).
Participants will get basic training and knowledge of vascular access, angiography, endografts,
embolization and REBOA placement and other basic catheters and hybrid tools as part of the
EVTM concept. This will be combined with open techniques and bleeding control maneuvers.
The workshop has been certificated by the EACCME and acknowledged by collaboration with

Tal Hérer, Orebro University Hospital, tal.horer@regionorebrolan.se
+46196024632 (direct) / +46702383495 /+46196021111 (switchboard)

More info at www.jevtm.com/workshop and social media #EVTM
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societies such as the European Society for Trauma and Acute Care Surgery, the European
Vascular Society and others.

08:00 meeting in the training center (“Technical house” near the CAMPUS USO)-
instructions by mail till participants.

Introduction on EVTM and agenda of the day - Tal Horer and David McGreevy

08:30-09:00 Breakfast with the industry.

Hands-on animal lab including:

Every station is led by a highly experienced instructor with one-to-one training on live tissue as well as group

scenario discussions (lunch and coffee will be served in the lab). Changing stations according to interest is
encouraged. Dedicated stations per discipline/area according to the groups.

Practical training points in the animal lab:

1. Material usage in bleeding patients, general considerations and management scenarios
2. Open techniques for bleeding control/hemostasis and combinations with endo/hybrid.
3. Vascular access

e Basic principles/advanced e Puncture methods
methods e Seldinger technique
e Cut-down techniques e The failing access — alternatives
¢ Endoshunts and shunts e Venous access and ultrasound
e Hybrid procedures e Basic and advanced methods
4. Upgrading/introducers/guide wires
5. REBOA
e Material and REBOA kit e Ongoing bleeding practice
e Deflation and re-positioning e CPR procedures and pending arrest
e Intermittent/partial inflation
(MAP as target —
iREBOA/pREBOA)

Balloon in alternate locations (Iliac, Subclavian, Brachiocephalic trunk/Zone 1 neck)
Hybrid procedures for hemostasis — junctional bleedings, balloons/xchange
Aortography and angiography considerations (type, volume, etc.)

. Endografts/embolization advanced as needed — what, when, how

10 Junctional bleedings- solutions

11. Bailouts in endovascular and hybrid surgery

© 0 N o

Tal Horer, Orebro University Hospital, tal.horer@regionorebrolan.se
+46196024632 (direct) / +46702383495 /+46196021111 (switchboard)

More info at www.jevtm.com/workshop and social media #EVTM
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All training aspects will be modified to the participants’ level and interest.
15:00 End of workshop and evaluation/feedback; Diploma

Email us for interest and follow www.jevtm.com and social media for details

REGISTRATION: lotta@mkon.se or Hilda@mkon.se

General information: tal.horer@regionorebrolan.se

“No ego, just good science, clinical care and collaboration”

Tal Horer, Orebro University Hospital, tal.horer@regionorebrolan.se
+46196024632 (direct) / +46702383495 /+46196021111 (switchboard)
More info at www.jevtm.com/workshop and social media #EVTM
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small vasculature e.g. in the Gl tract

Angio-Seal

%
SURE
from ACCESS PUSHING BOUNDARIES
to CLOSURE
www.terumo-europe.com i E RU M 0
Not all products are available for sale in all countries. This information is provided only in respect to markets where these products | NTE R\/ENTlD NAL

are approved or cleared. All products are not cleared or approved in the U.S.A. by the Food and Drug Administration.
Please contact your Terumo local sales representative for more information. SNSIENMS



The pREBOA-PRO™ Catheter: D | FROME.

Now in Limited Market Release in Europe The REBOA Company”

e The first and only FDA-cleared and
CE-marked catheter for True Partial REBOA

 Equipped with central aortic pressure
monitoring technology

e 4x more occlusion time than complete

. REBOA'23, buying time to treat, transport, & vt

\ '\ "\ triage :

"« 10,000+ total REBOA uses* in 450+ hospitals 151

globally

e 700+ total REBOA publications®

i 1. Centers of Excellence data. Internal data on file. Available upon request. 2.
Ho et al., (2023) J Trauma Acute Care Surg. 3. Individual patient tolerance to /
occlusion may vary based on a variety of factors including age, health, status, z
injury pattern and severity, previous ischemic insult, etc. Surgical judgment is ™
necessary when determining duration of occlusion for each patient. 4. Applies pREBOA-P RO
to all complete and partial REBOA uses. 5. Applies to all publications about Tlme tO Treat Transport & Triage
) )

E 5 complete and partial REBOA.
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