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Artificial Intelligence and e-Learning will shape the future of vascular surgical

training
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2 2 Department of Vascular Surgery, Laiko General Hospital, Medical School, National & Kapodistrian University of Athens,
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In the aftermath of the COVID-19 pandemic, vascular e-Learn-
ing (Vel) has been shown to be a valuable teaching method
for vascular surgeons and trainees'*. Multiple studies have
reported a significantly positive appreciation by vascular sur-
geons and trainees for Vel tools, including webcasts, pod-
casts, practical skills tutoring, virtual simulations, and online
tests™*®. This paradigm shift remains a process in progress;
however, even as the vascular surgical society and training
institutions gently grapple with the promise and potential of
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Table 1: Definitions of technical terms & expressions used in text

Vel, artificial intelligence (Al) has announced itself as a radical
‘game-changer’ in domains of medical training, education and
practice. Medical Al is projected to grow from a US$14.6b mar-
ket in 2023 to US$102.7b in 2028.° The present-day surgeon
and trainee wonder not if, but how this development will alter
the face of vascular training and education. The original scope
of Technology Enhanced Learning (TEL) included e-Learning
(eL), mobile learning and simulation-based training (Table 1).”
The newest recruit to this teaching armamentarium is Al. This
editorial describes the distinct ways in which Al enabled Vel

can augment elLearning extraordinarily.

ADAPTIVE LEARNING

In past decades, one-size-fits-all teaching methods have been
criticized for their inefficiency. Al enhanced Vel (AlVel) pro-
poses machine learning algorithms based on big data from
past teaching activities, resulting in highly augmented adap-
tive learning. The adaptive process applies individual adjust-
ments to the delivery of teaching content based on the ac-

Technical Term or Expression | Definitions . ______________________________________|Abbreviation

Artificical Intelligence

Artificial intelligence is the simulation of human intelligence processes by Al

machines, especially computer systems.

Technology enhanced learning Technology Enhanced Learning (TEL) is the implementation of technology TEL
into teaching methods to enhance the learning process

e-Learning Learning conducted via electronic media, typically on the internet el

Neural networks A computer system modelled on the human brain and nervous system

Bayesian networks A Bayesian network is a compact, flexible and interpretable representa-
tion of a joint probability distribution

Support Vector Machine A supervised learning algorithm used to solve classification and regression SVM
problems

Large Language Model A type of artificial intelligence model that has been trained through deep LLM

learning algorithms to recognize, generate, translate, and/or summarize
vast quantities of written human language and textual data.

Dr Google

The Internet when used to seek out medical advice, often by cyberchon-

driacs to scrutinize or challenge valid medical advice

Aissistance
ing and education

The use of Artificial Intelligence to provide assistance in a setting of train-
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ceptance that learners have diverse backgrounds, learning
preferences and cognitive abilities. In the realm of conven-
tional e-learning, such refinement is limited to the incorpora-
tion of a degree of ‘program-and-platform-limited' reactivity
into online educational activities. Al supported augmentation
of eL matter can utilise Al algorithms to scrutinise learners’
active and legacy interactions with the learning platform in
real time. Leveraging this analysis, the system adjusts both the
content and presentation of e-Learning modules to provide an
individualised course targeting the desired learning outcomes
(LOs). Assessing the actual grasp of pertinent knowledge or
skills offered online can serve as a gauge for the effectiveness
of e-Learning itself. e-Learning environments ought to be
flexible enough to facilitate a range of productive activities,
recognizing this acquisition as a constructive process that can
manifest in diverse forms of learning engagement. Assistance
from automated bots in an Al assisted el environment would
further bolster the learning experience. Examples of this vary
in complexity; direct feedback to an incorrect response, incre-
mental hints towards the correct response and technical tu-
toring to address targets of improvement. The application of
Al analysis to composite learner responses and incorporation
of these findings to derive a customised user algorithm that
also subsumes influence from big data analysis will result in
unparalled adaptability of eL material. The powerful tailoring
of both the quality and quantum of ‘Alssistance’ made pos-
sible in this way will facilitate achievement of intended LOs
by each individual user in the most efficient manner possible.
Such AlVel-based adaptive learning has immense potential to
overcome the high dropout rates and low engagement previ-
ously described with e-Learning, further improving collective
outcomes.

The results of adaptive AlVel very significantly depend
on the data harvest and analysis tool (e.g. neural networks,
Bayesian networks or Support Vector Machines), as well as on
the type of e-Learning used (e.g. micro-adaptive, macro-adap-
tive, linear). Each combination of an Al tool and an e-Learning
type could alter significantly the output of the AlVel system
and either lead to positive or negative user experience.

LARGE LANGUAGE MODELS

Establishment of AlVel as a training technology is likely, as
with most new modalities, to take initial root in well-funded
academic environments. Beyond this anticipated pilot phase,
the ability of advanced Al language capabilities to offer Vel
content to diverse groups in their native languages on the
fly, without prior translation, will facilitate exponential scal-
ability of AlVel to the global market. A further benefit AlVel
could offer vascular education is the use of natural language
algorithms for the grading and assessment of open text from
content such as dissertations. Modern day Al models for such
tasks are highly sensitive to plagiarism and can distinguish dis-
crepancies of writing style to detect fraud.

At the same time, Large Language Models (LLMs) possess
an ever-expanding capacity to generate text indistinguishable
from human writing. The ability of LLMs to construct coherent
and contextually appropriate content across various domains

Hellenic Journal of Vascular and Endovascular Surgery | Volume 5 - Issue 4 - 2023

will inevitably blur the lines between genuine human-gener-
ated work and Al-generated content in all fields including vas-
cular surgery. The misrecognition of Al-authored e-Learning
materials as human-created content has real potential to sig-
nificantly exacerbate the already recognised “Dr Google” phe-
nomenon, wherein users accept unaccredited medical materi-
al as per se correct. Unpublished research by ChatAortaAl has
already identified variables that determine the results of LLMs
- these include the particular language used, the available bid
data in that language on a given subject and the phrasing of
the ‘input request’ by the user.® The Al-generated answer to a
clinical question therefore depends on the language the user
uses, the size of available big data in this language and finally
the wording of the question.

It is important to appreciate the above practical challeng-
es of accurate attribution of authorship posed by the advent
of AlVeL. The unearthing of flawed or fraudulent Al-authored
e-Learning materials will pose a further conundrum - if the
best tool for ferreting out the ‘bad apple’ AlVel output is, by
definition, another Al algorithm, will this represent a situation
of ‘marking one’s own homework’? These are fertile grounds
for technical and ethical debate.

SIMULATION AND LIVE ASSISTANCE

The use of simulation in vascular surgery is well established
and positive results have already been published.’ The use of
AlVel will substantially augment the level of detail and degree
of finesse that can be enabled during a simulated ‘pre-opera-
tive training run’ on the specific patient’s own anatomy in both
open or endovascular settings. In addition, Al can enhance
actual operative procedures by providing real-time guidance
and assistance to vascular surgeons. An example of such an
application would be Al mapping of advanced imaging and
pre-operative road-mapping of the intended operative jour-
ney in a manner similar to the use of fusion registration of CT
data during fenestrated EVARs. The ability of Al Al algorithms
to identify imminent complications based on the extent of
deviation of the actual operative steps from the preoperative
‘intended path’ within the context of individual anatomy and
anomalies will enable use of such a technological safeguard in
a way hitherto impossible during open surgery. Al augmented
reality overlays during surgery can “Alssist” accurate incisions,
define approaches to tissue too scarred for the human eye
to distinguish planes and flag up ‘rogue bites’ falling outside
predefined parameters of adequacy during an anastomosis.
The potential of such capabilities to reduce human error and
enhance overall precision is indescribable. Additionally, Al al-
gorithms can continuously analyze data from various sources
(e.g. monitors, angiograms), predicting potential complica-
tions and providing immediate recommendations, ultimate-
ly improving patient outcomes and fostering a safer surgical
environment. All the above could be of great significance to
young vascular specialists as well as to trainees.

The potential of AlVeL comes into its own further still in
the practical domain. Examples of such tutoring vary widely
in complexity; a few would be direct feedback to an incorrect
response, incremental hints towards the correct response and
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technical tutoring to address targets of improvement in learn-
ing techniques. Such haptic and iterative feedback already
exists in the endovascular simulator based domain.'® The su-
peradded value conferred by AlVel would fall into two broad
categories. The first is the ability to present a multitude of po-
tential ‘technical’ permutations derived from big data, filtered
to the learner’s choice. The user may choose to train on the
most common patterns encountered in clinical practice, or to
challenge themselves on the most complex presentations, as
just two examples of preference. The second benefit is the
unique capability of Al to provide analytical feedback in re-
sponse to each training ‘run’ to a degree of finesse and depth
that a simulator cannot accomplish and which most human
trainers could not sustain consistently. Both these unique ad-
vantages would derive from Al interpretation of prior respons-
es from the individual student and algorithms derived from
big data analysis.

IMAGE GENERATORS

Al can create graphics and animations in vascular anatomy,
vascular physiology and haemodynamics based on reality. The
accuracy level achievable by such image generators is project-
ed to improve exponentially over this decade. AlVel depic-
tions that are liberated from the inaccuracies that blight rep-
resentations created as a likeness would provide a powerful
tool for learning; they would also offer unparalleled potential
for reversing the supply-demand imbalance in many health-
care sectors globally while - paradoxically - strengthening
rather than weakening the credentialling of skill sets of ‘new’
operators. The favourable impact such training and practice
models would proffer to patient safety profiles would help re-
cruit support for AlVel from regulatory and governance bod-
ies.

CONCLUSION

The era of AlVel appears to be upon us. There is much to de-
liberate about its potentials and pitfalls. It may be more prag-
matic to engage actively with the practicalities and safeguards
of implementing AlVel, rather than permitting that process to
progress without our involvement.

119

LITERATURE

1 Patelis N, Bisdas T, Jing Z, et al. Vascular e-Learning during
the COVID-19 pandemic: the EL-COVID survey. Ann Vasc
Surg. 2021.

2 Dickinson KJ, Caldwell KE, Graviss EA, et al. Assessing
learner engagement with virtual educational events: De-
velopment of the Virtual In-Class Engagement Measure
(VIEM). Am J Surg. 2021;222(6):1044-1049.

3 Fabiani MA, Gonzalez-Urquijo M, Cassagne G, et al. Thir-
ty-three vascular residency programs among 13 coun-
tries joining forces to improve surgical education in
times of COVID-19: A survey-based assessment. Vascular.
2022;30(1):146-150.

4  Jogerst K, Chou E, Tanious A, et al. Virtual Simulation of
Intra-operative Decision-Making for Open Abdominal
Aortic Aneurysm Repair: A Mixed Methods Analysis. J
Surg Educ. 2022;79(4):1043-1054.

5 Patelis N, Rielo-Arias F, Bertoglio L, Matheiken SJ, Beard
JD. Modular e-learning for a practical skill in vascular sur-
gery. Hellenic J Vasc Endovasc Surg. 2020;2(1):31-34.

6 Artificial Intelligence in Healtcare market. 2023; https://
www.marketsandmarkets.com/Market-Reports/artifi-
cial-intelligence-healthcare-market-54679303.html?gad_
source=1&gclid=CjOKCQjwy4KgBhDOARISAEbCt6hz-
TF-t2FehalkNH8hidFIfAeBbFkigfAL_LISBYKLyqZxji3UPXb-
caApFOEALwW_wcB. Accessed 31/10/2023.

7 Patelis N, Matheiken SJ, Beard JD. The challenges of de-
veloping distance learning for surgeons. Eur J Vasc Endo-
vasc Surg. 2015;49(3):237-238.

8 Think Tank Aorta. 2023; https://www.linkedin.com/com-
pany/think-tank-aorta/. Accessed 07/12/2024.

9 Haiser A, Aydin A, Kunduzi B, Ahmed K, Dasgupta P. A Sys-
tematic Review of Simulation-Based Training in Vascular
Surgery. J Surg Res. 2022;279:409-419.

10 Hislop SJ, Hsu JH, Narins CR, et al. Simulator assessment
of innate endovascular aptitude versus empirically cor-

rect performance. J Vasc Surg. 2006;43(1):47-55.



120

Total Endovascular Arch replacement for a Non-A, Non-B Aortic Dissection

Konstantinos Tzimkas-Dakis?, Konstantinos Spanos?, George Kouvelos?, George Volakakis!, Metaxia Bareka?,
Grigorios Giamouzis?, Eleni Arnaoutoglou?, Miltiadis Matsagkas®

! Department of Vascular Surgery, Faculty of Medicine, School of Health Sciences, University of Thessaly, Larissa, Greece
2 Department of Anesthesiology, Faculty of Medicine, School of Health Sciences, University of Thessaly, Larissa, Greece
3 Department of Cardiology, Faculty of Medicine, School of Health Sciences, University of Thessaly, Larissa, Greece

Hellenic Journal of Vascular and Endovascular Surgery | Volume 5 - Issue 4 - 2023

Abstract:

Introduction: Branched Thoracic Endovascular Repair of the Aortic Arch (bTEVAR) is a feasible alternative to convention-
al open surgical repair or endovascular debranching techniques in unfit for open repair patients, allowing for complete
endovascular repair of thoracic aortic pathologies involving the aortic arch, such as Non-A, Non-B dissections.?

Case Report/Technique: We present the case of a 64-year-old male patient who was transferred to our department with
an acute Non-A, Non-B aortic dissection, extending from the innominate artery to the aortic bifurcation. Following initial
conservative management, the patient presented aortic diameter enlargement and was treated with a custom-made
arch-branch device [Bolton Medical, Inc. (Terumo Aortic, US)], incorporating three directional branches for the innomi-
nate, left carotid and left subclavian artery, respectively. Postoperative 6-month follow-up shows nice graft deployment
resulting in partial false lumen thrombosis with complete branch patency and no signs of type la endoleak or bird-peak
formation.

Conclusion: Branched TEVAR appears to be feasible and safe as a treatment alternative for aortic pathologies involving

the aortic arch, such as Non-A, Non-B dissections, while long-term postoperative surveillance is warranted.

INTRODUCTION

TEVAR has fundamentally changed the management of tho-
racic aortic syndromes, allowing for treatment of high-risk
patients, unfit for traditional surgical repair.2 Aortic lesions in-
cluding descending thoracic aortic aneurysms, chronic Type B
(Standford Classification) dissections, intramural hematomas
and penetrating aortic ulcers can be successfully treated with
endovascular solutions, largely decreasing the high mortality
and complication rates of open surgical repair, in both intact
and emergent lesions.>*

Aortic pathologies involving the aortic arch require a more
complex management, as standard TEVAR fails to provide a
suffice proximal landing zone. Non-A, non-B aortic dissections,
either limited to the aortic arch or evolving as a retrograde
dissection with an entry point at the descending thoracic aor-
ta institute complex lesions, unable to be treated with con-
ventional TEVAR. Moreover, conventional open surgical repair
as well as hybrid techniques including endovascular repair in
addition to debranching of the aortic arch have been associat-
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ed with increased morbidity and mortality, excluding high-risk
patients.>® Fenestrated and branched (fTEVAR, bTEVAR) have
been extensively used in the last decade as alternatives, al-
lowing for proximal landing zone on the ascending aorta (Zone
0), while incorporating fenestrations or directional branches
for implementation of the innominate, left carotid and left
subclavian artery.’

CASE REPORT/TECHNIQUE

We present the case of a 64-year-old male patient, with no
prior medical history or under any medication, who was
transferred to our hospital following an acute non-A, non-B
dissection. The patient presented with acute chest pain, ra-
diating to his back, and uncontrolled systolic arterial pressure
(~190mmHg). Initial management at a district hospital includ-
ed aggressive arterial pressure and pulse management at a
High Dependency Unit. The patient underwent a complete
diagnostic work-up, including a Computed Tomography Angi-
ography (CTA) of the aorta, detecting a non-A, non-B aortic
dissection, alongside a descending thoracic aortic aneurysm
(maximum diameter ~5.4cm). The dissection extended from
proximally to Zone 1 and distally to Zone 10, with the initial
entry point detected distally to the left subclavian artery (B,
1), based on the reporting standards for type B aortic dissec-
tions.® Following vital signs and clinical status stabilization, the
patient was transferred to our department for further diagnos-
tic and therapeutic management. During initial assessment,
the patient was hemodynamically stable, with palpable upper
and lower limb radial, brachial, femoral, popliteal, posterior
tibial, and dorsalis pedis arteries. Follow-up CTA revealed no
further retrograde or antegrade dissection. (Figure 1)
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Figure 1. Preoperative aortic non-A, non-B dissection (3D Re-
construction)

Periaortic hematoma extended to the level of the innominate
artery. (Figure 2) Reno-visceral arteries (celiac trunk, superior
mesenteric artery, left renal artery) arose from the true aor-
tic lumen besides the right renal artery which arose from the
false lumen, with complete patency of all renovisceral vessels
and no signs of dissection extension. Cardiothoracic evalua-
tion was negative for open surgical repair. After thorough CTA
examination and patient briefing, a total endovascular repair
via branched TEVAR was decided, utilizing a custom-made de-
vice (CMD) [Bolton Medical, (Terumo Aortic, US]. The patient
was discharged with antihypertensive and beta-blockers med-
ication until further notice following device manufacturing.
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Figure 2. Hematoma extension to Zone 0.

Footnote: Yellow arrows depicting hematoma.

Branched Endograft Characteristics

A branched thoracic CMD endograft was designed and man-
ufactured, including 3 branches, two for the incorporation of
the innominate and left carotid (LCCA) and one retrograde
branch for the left subclavian (LSA) artery. Proximal and distal
endografts diameters were 46mm and 28mm, aiming for an
approximately 25% proximal and 20% distal overlap at Zone 0
and 4, respectively. Total graft length was 270mm, while the
implemented, inner directional branches were 12mm for the
innominate and 10mm wide for the LCCA and LSA, respective-
ly. All branches were 40mm in length, while the innominate
and LCCA branches, cranially oriented, originated 60mm from
the proximal end of the CMD and the LSA branch, caudally ori-
ented, originating 125mm from the proximal end of the CMD.
(Figure 3)

Additionally, a custom-made straight-tube endograft for
bridging of the innominate artery was manufactured, with a
13-11mm, and 103mm proximal, distal diameter and length,
respectively. Total manufacturing time from CMD design to
delivery was 2 months. Bridging of the LCCA and the LSA was
scheduled to be implemented through self-expanding and
balloon-expandable covered stentgrafts (Viabahn and VBX,
Gore & Associates, Newark, 555 Paper Mill Road, USA).

270 mm

Figure 3. Custom-Made Arch Branch Device [Bolton Medical, (Terumo Aortic, US]
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Intraoperative Details/Procedure

Following general anesthesia induction, surgical cutdown of
the common carotid arteries and the right common femoral
artery was undertaken. Percutaneous vascular access of the
right brachial artery was achieved for diagnostic angiography
and the left common femoral vein for cardiac rapid ventricular
pacing during device deployment, respectively. Following vas-
cular access completion, per protocol 5000 IU of unfraction-
ated heparin were administered for an ACT of >250 seconds,
with 30-minute time interval ACT measurements and addi-
tional heparin infusions, when necessary. Prior to CMD intro-
duction, carbon dioxide flushing of the device was thorough-
ly undertaken, for air embolization protection.® A diagnostic
angiography catheter was introduced via the right brachial
artery, to the ascending aorta, later retracted during endog-
raft deployment. The device was introduced, oriented, and
deployed under rapid ventricular cardiac pacing of ~180 beats
per minute (bpm) for approximately 30 seconds, eliminating
aortic pulse pressure, for precise stentgraft deployment. Fol-
lowing successful device deployment, catheterization of the
LCCA branch was initially achieved, and a VBX 11*¥*59mm bal-
loon-expandable covered stentgraft with a Viabahn 8*50mm
self-expanding covered stentgraft were implanted, with a
complete sealing of the branch. The innominate artery branch
was later catheterized through the right CCA, introduction and
deployment of the custom-made straight-tube 13-11*103mm
endograft was successfully undertaken. Finally, through the
right common femoral artery, the LSA branch and conse-
quently the LSA were catheterized, a 11*100mm Viabahn
self-expanding covered stentgraft was deployed successfully.
Final angiogram confirmed precise CMD deployment from the
coronary arteries, and complete branch patency, with no signs
of endoleak. (Figure 4)
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Figure 4. Intraoperative confirmation angiography

Following standard arterial suture closing, the patient was
extubated with no signs of cerebral events and was trans-
ferred to the Vascular Surgery Ward under close monitoring.
Total radiation time exposure and contrast media administra-
tion was 8.570 cGy/cm? and 120mls, respectively. No blood or
blood products were transfused.

Figure 5. Postoperative 6-month arch-branch device configuration.
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The patient received single antiplatelet therapy (Acetyl-
salicylic Acid, 100mg, OD) upon ward transfer, and dual an-
tiplatelet therapy (Clopidogrel, 75mg OD) was administered
on the 1% postoperative day. , and , The patient underwent a
complete CTA scan the 2™ post-operative day, showing suc-
cessful device implementation, total branch patency and no
signs of endoleak or bird-peak formation. Postoperative re-
covery was uneventful and the patient was discharged on the
4t post-operative day. During follow-up, the patient has been
well, with adequate blood-pressure and cardiac rhythm med-
ication control. The 6-month postoperative CTA scan showed
patency of all supra-aortic vessels and their branches resulting
in partial false lumen thrombosis, due to distal entry points,
with gradual aortic remodeling, with a maximum diameter of
5.2cm (Figure 5)

DISCUSSION

Non-A, non-B dissections are high-risk manifestations of TAD,
often not amendable to standard TEVAR, nonetheless associ-
ated with intramural hematomas and retrograde dissections.™
Excluding cases requiring urgent open thoracic aortic repair
through open conventional surgical total arch reconstruction
or hybrid solutions involving arch debranching, complex end-
ovascular repair of such lesions has proven to be feasible, with
acceptable outcomes, including all-cause and aorta-related
mortality, as well as complication and reintervention rates.’

Open surgical repair of thoracic aortic dissections involving
the arch requires, total arch reconstruction with open sternot-
omy, cardiopulmonary bypass, and hypothermic circulatory
arrest in most cases, and it is still recommended by guidelines
as the gold standard. Such interventions have been tradition-
ally associated to high morbidity and complication rates and
prolonged ICU stay, rendering them restrictive for high-risk
patients.> Multidisciplinary evaluation is mandatory in all TAD
cases, with complete patient vital sign, laboratory values and
aorta CTA assessment, as open surgical repair could be the
only available solution.

Branched and fenestrated thoracic aortic repair of TAD in-
volving the arch and its branches requires diligent planning
and sizing, and specific pre-, intra- and postoperative proto-
cols for successful implementation in high-risk patients unfit
for traditional repair.’* Main entry point coverage with total
endovascular incorporation of supra-aortic target vessels are
essential parts for first management. Moreover, these techni-
cal characteristics are crucial for future aortic remodeling. In
clinically stable patients or in chronic aortic dissection, with
uncomplicated TAD, custom-made devices allow for design
of “tailor-made” endografts, with no compromise regarding
technical and clinical success. Fenestrated arch devices have
been studied, albeit data is still scarce regarding branched
devices.” Emergent endovascular approaches, including the
hybrid procedures, chimney technique or in situ fenestrations,
although extremely valuable, present high risk of gutter en-
doleaks, cerebral events and scarce long-term outcomes.*>*

Careful preoperative CTA scan evaluation is of outmost im-
portance prior to CMD design and production. Branched-TE-
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VAR for arch lesions requires most of the time proximal seal
at Zone 0. Misaligned deployment of an arch branch device
could lead to catastrophic events, from coverage of the os-
tiums of coronary arteries, to misalignment of branches or
fenestrations in regard to the ostiums of the supra-aortic ves-
sels.’* An important factor for successful deployment is the
diameter of the ascending aorta. While data is limited, an
oversize of approximately 20% on the proximal landing zone,
in addition to most arch branch devices manufactured with a
proximal stentgraft diameter of 45-50mm, restricts the use of
arch branch devices in patients with ascending aorta diameter
less than 40mm. Also, minimal tapering of the proximal land-
ing zone is important in satisfactory proximal sealing of the
endograft. Another important factor is aortic angulation at the
sealing zone, with aortic angulations over 60° associated with
higher risk of type la endoleaks.***

Cerebral event protection has been and remains crucial
during endovascular arch repair, especially when proximal
seal occurs in Zone 0. Endovascular solutions involving the
chimney technique, as well as hybrid arch reconstruction
(applying the frozen elephant trunk technique) have been as-
sociated with risk of stroke over 10 and 16%, respectfully.®”
Reports on total endovascular aortic arch repair suggest con-
siderable stroke rates as high as 14%, further highlighting the
need for vigilant measures of cerebral protection.'® Careful
CMD flushing using carbon dioxide prior to introduction and
deployment, rapid ventricular pacing, as well as meticulous
sheath and wire flushing and exchange contribute towards
successful subsequent CMD deployment and limitation of
cerebral events.”* Data on short-term outcomes of branched
total endovascular arch repair are associated with high tech-
nical success rates over 95% and no mortality during the initial
30-day postoperative period.”

CONCLUSION

Branched stentgraft device is a feasible procedure for total-
ly endovascular repair of aortic lesions involving the arch.
Longer follow up is needed to prove its durability and efficacy.
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Emerging evidence in the diagnosis and management of carotid near-

occlusion
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Abstract:

Carotid near-occlusion (CNO) is a form of carotid disease with severe internal carotid artery (ICA) stenosis and a signifi-
cantly reduced lumen diameter distal to the stenosis. CNO is characterised as either having distal complete, thread-like,
lumen collapse or not and is referred to as CNO with or without full collapse, respectively. Diagnosis has been tradition-
ally performed with Digital Subtraction Angiography (DSA) using four angiographic criteria. However, the delayed phase
of multiphase Computed Tomography Angiography (CTA) has largely replaced DSA and it is currently the CNO imaging of
choice. Ultrasonography may also help in detecting low flow velocity. CNO has been under-reported in clinical practice
and its optimal treatment is still debated, while contradicting evidence has been reported concerning the association
between CNO and significant risk of stroke. The most recent 2023 ESVS guidelines suggested that intervention is not
recommended for symptomatic CNO patients, unless as part of a randomised controlled trial, while for recurrent symp-
toms, intervention may be considered only after multidisciplinary team review. However, this recommendation was
mainly based on a post-hoc analysis of pooled data from NASCET and ECST trials, performed in the 1990s. Recent studies
have also provided various results, which are partly attributed to the lack of clear CNO definition, heterogeneous cohorts
and inadequate discrimination between CNO with and without full collapse. Our review presents an overview of the
current evidence for the diagnosis and treatment of patients with CNO.

Keywords: carotid, near-occlusion, diagnosis, management

INTRODUCTION

Carotid near-occlusion (CNO) is part of the spectrum of severe
carotid stenosis, where the internal carotid artery (ICA) distal
to the stenosis appears diminutive, in contrast to more com-
mon ICA stenosis, which does not result in diameter decrease
of the distal ICA'. CNO is characterized as either having com-
plete distal, thread-like, lumen collapse or not and is referred
as CNO with or without full collapse, respectively?. CNO was
initially reported by Lippman et al. in 1970° and has since been
reported using a variety of nomenclature.

Despite being recognized as rare, CNO is more prevalent
among symptomatic patients with 250% ICA stenosis’. The Eu-
ropean Carotid Surgery Trial (ECST) and the North American
Symptomatic Endarterectomy Trial (NASCET) post-hoc anal-
yses demonstrated that individuals with symptomatic CNO
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would not benefit from surgery and that their risk of recurrent
stroke might be lower than that of patients with severe ICA
without near-occlusion. However, these trials were conducted
in the 1990s and it is debatable whether their results are still
valid today. Although recent evidence has linked symptomatic
CNO to an elevated risk of ipsilateral hemisphere stroke, large
prospective studies to ascertain the exact risk of recurrent
stroke among these patients are currently lacking®. Even the
most recent prospective Randomised Clinical Trials (RCTs),
such as the International Carotid Stenting Study (ICSS) and the
Carotid Revascularization Endarterectomy vs Stenting Trial
(CREST) did not recruit patients with symptomatic CNO*. As a
result, there is lack of evidence to support or reject revascu-
larization in patients with CNO, and the optimal management
is still debatable. Our study aimed to perform an overview of
the current evidence for the diagnosis and treatment of pa-
tients with CNO.

OTHER TERMS FOR CNO

Various terms have been used to describe CNO, such as near
total occlusion, pseudo-occlusion, string sign, slim sign, criti-
cal stenosis, small or narrow distal ICA, pre-occlusive steno-
sis, subtotal stenosis, subtotal occlusion, functional occlusion,
sub-occlusion, 99% stenosis, hairline residual lumen and in-
complete occlusion®. Due to similarities with other ICA pathol-
ogies causing distal lumen collapse, some authors proposed
the term “atheromatous pseudo-occlusion” to separate CNO
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from other non- atherosclerotic entities, such as dissection,
hypoplasia or post-radiation lesions®. In line with this, the use
of “string sign” should be also discouraged, as it was originally
defined for describing dissection’.

EPIDEMIOLOGY AND NATURAL HISTORY

CNO has been reported with a prevalence of less than 10%
among patients with significant ICA stenosis® and approx-
imately 3% among symptomatic patients?. A total of 40%
of these patients will present with ICA occlusion within 12
months. More specifically, progression from discovery to to-
tal occlusion with best medical therapy (BMT) has been esti-
mated at 16 per 100 person-years®. However, our knowledge
of exact CNO's natural history is limited. Previous studies de-
scribed rates of progression to occlusion between 26-37% per
year’, In a recent study, almost a third of patients with CNO
progressed to complete occlusion at 24 months follow- up.
The proportion of symptomatic progression to complete oc-
clusion was 17.5% of the patients who presented with ipsilat-
eral symptoms®°. This can be attributed to collateral brain net-
work and effective autoregulation of the cerebral circulation
that adapts for the chronically diminished blood flow™.

PATHOPHYSIOLOGY OF STROKE IN CNO PATIENTS

Although not clearly investigated, the pathophysiological
mechanism of stroke among CNO patients could be attributed
to ICA progression to occlusion. However, a recent study failed
to identify fully collapsed symptomatic near-occlusions which
progressed to occlusion’. Hemodynamic and embolic mech-
anisms have also been investigated. Progression of ICA near
occlusion to complete occlusion may lead to decreased perfu-
sion of the ipsilateral hemisphere blood supply from the ICA,
depending its perfusion from collaterals, which in turn may
stimulate blood stagnation, increased risk of thrombus for-
mation and eventually to embolization to intracranial collat-
erals'. Interestingly, some near-occlusions can represent re-
canalized thrombotic occlusions with risk for embolic events.

THE CORRELATION OF HIGH RISK OF ISCHEMIC STROKE
AMONG CNO PATIENTS IS STILL UNDER INVESTIGATION

Contradicting evidence has been reported concerning the
association between CNO and significant risk of stroke. Since
there was a comparatively low long-term risk of stroke in the
medical arm, carotid endarterectomy (CEA) did not signifi-
cantly improve outcomes among patients with CNO without
full collapse in the NASCET and ECST trials. While these trials
reported a relatively low risk of recurrent stroke in the medical
arm, a recent study indicated a significant risk of recurrence
across patients with CNO™. A possible explanation is the dis-
parity in timing of intervention. These trials frequently includ-
ed near-occlusion patients with a significant delay (> 4 weeks)
after the last incident. Another explanation is that the higher
risk in recent studies may be due to risk difference between
CNOs with and without full collapse. The authors noted that a
large number of high-risk CNO patients with full collapse were
initially misdiagnosed as occlusions in routine practice imag-
ing, but were correctly identified by the experts. In addition,
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a large number of the high-risk near-occlusions, which were
later deemed technically untreatable, had a significant risk of
stroke when intervention was attempted®.

In line with the above, another recent study found in-
creased risk of recurrent ipsilateral ischemic stroke in the ear-
ly days following the presenting episode in CNO patients. The
stroke rate among patients with CNO with full collapse was
18%, whereas the respective risk in patients without full col-
lapse was low®. We believe that the reason of the difference in
the rate of stroke recurrence among the various studies, is the
unclear distinction between outcomes of CNO patients with
and without full collapse. This is independent of the progres-
sion to complete occlusion, as also pointed by a recent study’.

Similarly, other studies showed increased risk of recurrent
stroke with a cumulative annual incidence of ipsilateral is-
chemic stroke of 14% and ipsilateral transient ischemic attack
(TIA) of 24% in the group of patients who received medical
treatment®. This was also confirmed by our previous system-
atic review on the topic. We found that BMT was presented
with almost three-fold higher stroke IR per 100 person-years
compared to carotid endarterectomy or stenting®®. However,
it should be highlighted that the suggested BMT is improved
significantly over the past 20 years, thus we cannot exclude
lower stroke risk in the future studies’” medical treatment
arms.

DIAGNOSIS

CNO with full collapse can be recognised as a thread-like ap-
pearance of distal ICA, which responds to reduction in flow®,
whereas less severe flow reduction leads to a “normal-ap-
pearing” but small distal artery (near-occlusion without full
collapse) (1). Although seems clear, CNO can be misdiagnosed
to conventional stenosis with suboptimal imaging and inter-
pretation®.

Digital Subtraction Angiography (DSA) is the gold standard

DSA has been the gold standard for the diagnosis of CNO.
Four angiographic criteria were suggested by Fox et al.™: (l)
reduction in ICA diameter compared with the ipsilateral ex-
ternal carotid artery (ECA), (ll) obviously reduced diameter
of the ICA compared with the opposite ICA, (lll) intracranial
collaterals seen as a cross-filling of contralateral vessels or ip-
silateral contrast dilution and (IV) delayed cranial arrival of ICA
contrast compared with that of the ECA. Two of the 4 criteria
are required for diagnosis. However, the clinician should not
overestimate CNO without full collapse, because the relatively
small size of a distal ICA with a larger contralateral ICA can be
an anatomic variation. Other variations that should be noted
is diversity in ICA size depending on circle of Willis variations,
or a single ICA supplying both anterior cerebral arteries>'*.
It is also important to differentiate CNO from long distal ICA
tapering of dissection, as the later do not show a prominent
ICA bulb stenosis or true ICA hypoplasia which shows a tiny
bony carotid canal>*!. Differentiating CNO from occlusion is
also very important. Delayed angiography may be useful to
detect delayed contrast through a severely collapsed artery.
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Differentiating CNO with and without full collapse is also of
paramount importance and it is based mainly on the “thread-
like” distal ICA lumen>*?,

Diagnosis with ultrasonography

Ultrasound can be also important for the diagnosis of CNO.
The main characteristic is the presence or absence of blood
flow. CNO with full collapse can be seen as a very tight ste-
nosis with a minimal flow channel, slow flow velocities and
a grossly pathologic flow profile or dampened, pseudo-ve-
nous flow with low pulsatility. The best stenosis PSV threshold
for “low velocity” is likely slightly above 125 cm/s. However,
when it comes to CNO without full collapse, differential diag-
nosis from conventional high grade ICA stenosis is difficult, as
both have high flow velocities. In that case, Power Doppler,
contrast-enhanced sonography and/or transoral sonography
to also assess distal artery patency at the level of the pharynx
may be useful adjuncts >'***, However, given the difficulty in
diagnosis CNO with ultrasound in the every-day practice, its
diagnostic accuracy is still limited.

Diagnosis with Computed Tomography Angiography (CTA)
CTA is probably the most important and useful tool for the
diagnosis of CNO. Bartlett et. al.'® proposed CTA-specific diam-
eter-measurement criteria for the diagnosis of CNO: 1) steno-
sis diameter of <1.3 mm, 2) ipsilateral distal ICA diameter of
<3.5 mm, 3) ipsilateral distal ICA/contralateral distal ICA ratio
of <0.87 and 4) ipsilateral distal ICA/ipsilateral ECA of <1.27.
Interestingly, a recent validation study included patients with
CNO, severe ICA stenosis and ICA occlusion and compared the
diagnostic accuracy of CTA with DSA among many studies®’.
The most accurate criteria were i) distal ICA diameter less than
or equal to the ipsilateral ECA, ii) ICA to ECA comparison of di-
ameter reduction and iii) the ratio of the distal internal carotid
artery (ICA) diameter to that of the contralateral distal ICA <
0.87".

Magnetic Resonance Angiography (MRA) for the diagnosis
of CNO

MRA is not very popular for the diagnosis of CNO. Slow-flow
signal is below the visibility threshold in TOF MRA, while the
flow gap is almost identical in CNO with and without full col-
lapse. However, when found, segmental flow gaps may sug-
gest vessel patency, because occlusions are more likely to
show full length signal absence®!*.

Recommendation for diagnosis of CNO

CTA is suggested for current CNO diagnosis. Delayed phase
of multiphase CTA imaging is mandatory, mainly as a rou-
tine postcontrast head CTA looking for a late, slow-flowing
collapsed ICA lumen at the skull base or carotid canal. Oth-
er relative measurements necessitate a comparison, but this
comparison may occasionally be deceptive since, for example,
bilateral CNO affects ICA ratio and ECA sizes. Ultrasonography,
although not definite, may also help in detecting low flow ve-
locity.
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PRACTICE GUIDELINES FOR THE MANAGEMENT OF CNO

Recent guidelines have commented for the management
of patients with CNO. Among them, the 2017 Clinical Prac-
tice Guidelines of the European Society for Vascular Surgery
(ESVS)®, suggested that “carotid endarterectomy or carotid
stenting are not recommended in symptomatic patients with
a chronic internal carotid near-occlusion, unless associated
with recurrent ipsilateral symptoms (despite optimal medical
therapy) and following multidisciplinary team review”. More-
over, the 2021 Society for Vascular Surgery (SVS) Guidelines
did not discriminate treatment between high grade and CNO
patients'®. Even recently, the 2023 ESVS guidelines stated that
“for symptomatic patients with carotid near occlusion and dis-
tal vessel collapse, carotid endarterectomy and carotid stent-
ing are not recommended, unless as part of a randomised
controlled trial” and that “for patients with carotid near occlu-
sion and distal vessel collapse with recurrent carotid territory
symptoms (despite best medical therapy), carotid endarterec-
tomy or carotid artery stenting may be considered only after
multidisciplinary team review”?.

CRITIQUE ON THE RECENT PRACTICE GUIDELINES FOR
THE MANAGEMENT OF CNO

It is evident that recent guidelines suggested a rather conserv-
ative treatment of patients with CNO. However, this recom-
mendation is mainly based on a post hoc reanalysis of pooled
data from NASCET and ECST. This data, although coming from
RCTs, are probably outdated for the following reasons. BMT
included only aspirin therapy in varying doses and antihy-
pertensive treatment, whereas now medical therapy has im-
proved significantly. An intention-to-treat analysis was used
in NASCET, which might have underestimated the benefit of
CEA in CNO patients, due to the high crossover rate during
follow-up in the BMT group. The lower stroke risk in the BMT
group may have been attributed to the lower prevalence of
some risk factors, such as older age, diabetes, ischaemic heart
disease and hyperlipidaemia in ECST. Timing is also very im-
portant. Only 35-45% of the patients were randomized with-
in the first month, in which the benefit of intervention is the
largest. Moreover, it is likely that large number of patients
with chronic CNO were also included in these trials, and such
patients may benefit more from BMT, compared to the pa-
tients with an acute CNO8. What is more, 94% of CNO patients
included in these trial did not have full collapse?!. Far less, pa-
tients with CNO were excluded from recent RCTs such as the
CREST and the ICSS. It is therefore important to update our
current knowledge with new prospective RCTs, incorporating
patients with CNO with and without full collapse.

RECENT EVIDENCE AND CONTROVERSIES

Despite the fact that recent guidelines pointed to BMT for pa-
tients with CNO, current non-randomized studies are present-
ing with various results. A recent meta-analysis showed that
BMT was not superior to CEA or CAS with respect to 30-day
or 1-year stroke or death prevention®. The authors found that
the risk of stroke or death within 30 days after intervention
was very low (1.8% after CEA and 2.2% after CAS), that the
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BMT group was not optimized in terms of antiplatelet, statin
and antihypertensive treatment and that it is still room for im-
provement of BMT in future studies.

A recent multicentre registry study showed that the risk
of early recurrent stroke may be higher in BMT with sympto-
matic CNO*. This, along with the good results with CAS or CEA
in CNO patients?** might indicate that BMT is not a better
choice, compared to intervention. A study by Antonopoulos
et al.’ also found low stroke rates after intervention, at 1.52%
after CEA and 1.80% after CAS, compared to 8.39% after BMT.
Terada et.al.?* also found good results after CAS, indicating
that it may be a good alternative to CEA, given its low risk,
high success rate and feasibility. However, it should be high-
lighted that CAS is best to be performed by an experienced
team and with minimum wire manipulations®.

POINTS OF INTEREST WHEN ASSESSING CNO

Although it seems paradoxical, there is still discrepancy be-
tween guidelines and many recent studies concerning the op-
timal management of patients with CNO. A key point when
assessing CNO is the lumen full collapse. A study has found
that the 90-day recurrent stroke risk could reach up to 43%
in patients with symptomatic CNO with full collapse and 0%
for patients without full collapse’. Unfortunately, many stud-
ies have not separated these two entities (with or without
full collapse) as it seems that the possibility of near occlusion
without full collapse has not been fully acknowledged®.

Another interesting point relies on the technique itself.
The use of shunt during CEA for CNO is an important factor.
The distal ICA may be too thin for proper shunt insertion and it
should be probably avoided. In that case, systolic blood pres-
sure should be maintained at increased levels to provide bet-
ter collateral perfusion. In some other cases, severe concen-
tric or eccentric calcification might hamper stent implantation
during CAS and this should be included in the preoperative
planning to avoid unnecessary embolic risk?.

An important issue is also the post-operative management
of CNO patients. As pre-operative intracranial perfusion is es-
pecially poor among those patients, reperfusion injury is more
likely after a successful blood flow restoration to the brain,
compared to conventional high grade ICA stenosis. Monitor-
ing with strict blood pressure control is mandatory post-oper-
atively in order to prevent brain oedema and possible intrac-
erebral hemorrhage?.

CONCLUSIONS

CNO is a frequently overlooked and easily misdiagnosed con-
dition and its treatment strategy still remains debatable. This
is partly attributed to the lack of a clear CNO definition, which
may have led to heterogeneous cohorts and results among
the various reports. Another relevant unsolved issue is the
proper identification of CNO, as there is no easily applicable
diagnostic modality with high diagnostic accuracy. Moreover,
the exact mechanism, hemodynamic, embolic, by which the
presence of full collapse may lead to an increased risk for ip-
silateral stoke is still not well understood. The potential bene-
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fit of intervention in CNO patients is also not clearly depicted
from the literature. As a result, identification of high-risk CNO
patients that may require intervention is of paramount impor-
tance. Future RCTs should be designed to proper addressed
these issues®.
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Abstract:

Objective: Acute carotid stent thrombosis (ACST) is a rare complication of carotid artery stenting (CAS), occurring within
30 days after CAS and can lead to devastating, even lethal consequences. The purpose of this study is to review the current
literature on ACST and investigate the potential causative factors and the available therapeutic strategies.

Methods: A search of multiple electronic health databases was conducted. A total of 37 cases reporting acute ACST were
retrieved.

Results: There were 33 male and 4 female patients [mean age 68.54 years (SD £7.98 y)]. 21.62% (8 cases) referred to
asymptomatic carotid stenosis. The left internal carotid artery (ICA) was the predominant site of carotid stenosis (24/37
cases, 64.86%). In 13(35.1%) of cases ACST occurred intra-procedurally, in 10 (27%) within the first 24 hours, in 13 (35.1%)
within the first week after CAS. In 1 (2.7%) case there was late thrombosis 3 weeks after CAS. Inadequate antiplatelet
therapy, thrombotic predisposition, or antiplatelet resistance, were described as possible causes in 42.3% of cases. The
most common technical intraprocedural anatomic causes leading to ACST were ICA dissection, overlapping stents, plaque
protrusion along the stent, and thrombosis of embolic protection devices (EPDs). Treatment varied according to the time
of carotid stent thrombosis, the cause, and the patient's neurologic status. Antiplatelet therapy in combination with an-
tithrombotic agents (heparin, warfarin, argatroban), intravenous infusion of platelet glycoprotein lib/Illa inhibitors (GPIs),
thrombolysis, mechanical thrombectomy, thromboaspiration with thrombolysis, open surgery and re-angioplasty were re-
ported as therapeutic strategies. In the majority of cases clinical improvement with resolution of neurological symptoms or
residual neurological deficit was observed. Two deaths (5.4%) were reported.

Conclusion: Although, there is no consensus regarding the management of ACST, thrombolysis, mechanical thrombectomy,
thromboaspiration with thrombolysis, open surgery and re-angioplasty have all been used with promising results. The criti-
cal points for preventing the devastating outcome are immediate recognition of the thrombosis and rapid revascularization

of the damaged tissue.

Keywords: Carotid stent; acute thrombosis; stroke; revascularization

INTRODUCTION

Acute carotid stent thrombosis is a rare complication of ca-
rotid artery stenting (CAS), the prevalence of which varies
between 0.5% to 0.8%." It is a devastating complication that
can lead to a stroke and death and occurs within 30 days after
CAS.™ This serious complication requires early diagnosis and
prompt restoration of cerebral perfusion via internal carotid
artery (ICA) recanalization to limit ischemic brain damage.®
There are several case reports in the literature, but no large
series and there are no specific guidelines regarding the ideal
strategy for treating ACST. The purpose of this study is to re-
view the current literature on this devastating complication
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occurring after CAS to investigate potential etiological factors
and to explore available therapeutic strategies and outcomes
of treated patients.

METHODS

A multiple search of electronic health databases, including
MEDLINE/PUBMED and EMBASE, was performed for all arti-
cles published up to June 2022 on carotid stent thrombosis
after CAS. Only cases with ACST were included in our study.
ACST was defined as those thromboses occurring in the first
hours or days after the procedure. Late thromboses (> 30days
after CAS) were excluded from the study.

Search strategy

Studies were identified by searching electronic databases and
scanning bibliographic references of articles. The National Li-
brary of Medicine’s Medline database was searched using the
PubMed interface and SCOPUS from through June 2022. No
language constraints were used. Keywords were selected us-
ing medical subject headings (MeSH) for PubMed and MeSH/
Emtree for Scopus. The keywords “acute”, “carotid stent”,
and “thrombosis”, were used. Databases were searched with

an unrestricted search strategy, applying exploded MeSH
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and keywords combined with the Boolean operator AND to
retrieve relevant reports. A second-level search included a
manual screen of the reference lists of the articles identified
through the electronic search.

Age and sex, degree and location of stenosis, incidence,
perioperative antiplatelet medication, cause of ACST, type of
treatment, and outcome were retrieved and analyzed.

RESULTS

The search identified 277 records in total after applying the
inclusion criteria. All studies were reviewed and a total of 25
studies, describing the outcome of 37 patients with ACST,
met the inclusion criteria.»*¢211131530 The included studies
were case reports and small series. In the present study, 33
out of 37 patients were male with a mean age of 68.54 years
(SD £7.98, min 44, max 82 y), and only 21.62% (8 cases) were
treated with CAS for asymptomatic carotid stenosis. In the ma-
jority of cases (89.19%) mono or dual antiplatelet therapy was
used pre-procedurally. The left internal carotid artery (LICA)
was the predominant site of carotid stenosis (24/37 cases,
64,86%). In 13 (35.1%) cases ACST occurred intra-procedural-
ly, while in 10 (27%) patients, stent thrombosis occured within
the first 24 hours. The remaining 13 (35.1%) cases reported

Table 1: Cases with acute carotid stent thrombosis.
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ACST within the first week after CAS. In 1(2.7%) case there was
a thrombosis 3 weeks after CAS. Overall, two deaths (5.4%)
were reported.

Etiology

The cause of thrombosis was not defined in 11 out of the 37
cases (Table 1).

Inadequate antiplatelet therapy, thrombotic predispo-
sition or antiplatelet resistance were described as possible
causes in 11(42.3%) of cases (table 1). Three cases of hyper-
coagulation (3/26, 11.1%) were described due to malignancy
152227 and one more was attributed to atrial fibrillation by Se-
tacci et al.*

Technical intraprocedural anatomical causes which led to
ACST were identified as follows: ICA dissection in 2 cases?,
plaque protrusion across the stent in one patient?, overlap-
ping stents in 3 cases (due to malposition in two of them and
a long common carotid stenosis in one case)?, percutaneous
transluminal angioplasty (PTA) failure in 3 reports!*?% and
embolic protection devices (EPD) complications in 5 patients
116,24 (4 cases of EPD thrombosis and 1 case of ICA dissection).
A combination of the abovementioned causes was reported
in 4 cases (Table 1).

Year Site of Stenosis “ P;s:;‘;::;::;‘ Cause of :f,st; ((;:)cording to
antithrombotic drugs
1 Tong® 2000 44/M LICA/70% A Intraprocedurally ND ND
2  Chaturvedi? 2001 63/F LICA/sever S 12 hours ASA ND
3 Chaturvedi? 2001 57/M LICA/ND S 3 days NONE ND
4 Hamann® 2002 76/M RICA/70% S 4 days ASA and heparin Antiplatelet therapy ceased
5 Owens'® 2003 65/M LICA/70% S Intraprocedurally ND ND
6 Bush’ 2003 68/M RICA /90% S 15 minutes DAPT ND
7 Steiner Boker® 2004 64/F RICA/85% S Intraprocedurally DAPT Hypercoagulation
8  Setacci® 2005 82/M LICA/80% S 2 days DAPT ND
9 Setacci’! 2005 78/M LICA/85% S 4 days DAPT DAPT therapy ceased,
thrombocythemia
10 Setacci** 2005 72/M LICA/80% S 2 hours ASA and heparin AF, multiple cardiac embolism
11 Masuo® 2006 71/M  LICA/severe S 3 days DAPT and heparin lacking periproced. antithrombotic
medication
12 Buhk?* 2006 78/M LICA/80% S 3 weeks DAPT - heparine  Antiplatelet therapy ceased, bladder
cancer
13 Seo” 2008 63/M LICA/85% A Intraprocedurally DAPT postdilatation filling stent defect
14 lancu! 2010 65/M LICA/80% S Intraprocedurally DAPT postdilatation carotid dissection
15 lancu! 2010 70/M RICA/80% S Intraprocedurally DAPT Balloon burst
16 DhallY’ 2010 62/M LICA/90% S Intraprocedurally DAPT ND
17 Choi® 2012 69/M RICA/83% S 9 days DAPT ND
18 Choi* 2012 68/M LICA/72% S 4 days DAPT DAPT resistance
19 Kanemaru® 2013 77/M RICA/ 90% A 6 days DAPT and cilostazol Hypercoagulation/ bladder cancer
20 Markatis*® 2012 67/M LICA/95% S 2 days CLO DAPT Discontinuation
21 Kim* 2013 75/M LICA 90% S Intraprocedurally DAPT EPD thrombosis
22 Kim* 2013 73/M ND A Intraprocedurally DAPT EPD thrombosis
23 Kim** 2013 51/M ND S Intraprocedurally DAPT EPD thrombosis
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Site of Stenosis
/Grade

Age/
sex

S/A

Year
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Preprocedural

s Cause of ACST (according to

Authors)

antithrombotic drugs

24 Munich'® 2014 70/M LICA/90% S Intraprocedurally DAPT EPD thrombosis

25 Kokli*® 2015 73/M LICA/95% S 24 hours ASA DAPT resistance

26 Moulakakis?’ 2017 67/M RICA/90% S 1 hour DAPT Dissection from EPD, 360° RICA
kinking

27 Moulakakis”’ 2017 74/M LICA/ 80% S 2 hours Nadroparin calcium overlapping stents, malignancy

28 Moulakakis’’ 2017 73/F LCCA/80% S 3 days DAPT overlapping stents, malignancy

29 Moulakakis?’ 2017 66/M LICA/80% S 4 days DAPT overlapping stents

30 Cvjetko” 2017 68/F RICA/70% ND 90 minutes DAPT ND

31 Cvjetko” 2017 80/M LICA/70% A 4 days DAPT ND

32 Moulakakis' 2018 66/M RICA/90% S Intraprocedurally ASA Plague protrusion across the stent

33 Moulakakis' 2018 72/M  RICA/severe A 1 hour ND ND

34 Hu® 2018 79/M LICA occlusion A Intraprocedurally DAPT Stent not fully adhered to vessel

35 Kahyaoglu® 2018 66/M LICA/70% S 3 hours DAPT DAPT Discontinuation

36 Toljan* 2019 55/M LICA occlusion A 2 hours DAPT CYP2C19 & MDR1

37 Wei wei*® 2021 69/M LICA/90% S 5 days DAPT CYP2C19 heterozygote

F- female, M- male, ND- not determined, ASA- aspirin, CLO- clop
or ticlopidine), A-asymptomatic, S- symptomatic, LICA- left intern
id endarterectomy, EPD- embolic protection device

Therapeutic Management

Antiplatelet therapy in combination with antithrombotic
agents

Eight patients were treated with antiplatelet therapy (single or
dual) in combination with antithrombotic agents (low molec-
ular weight heparin, warfarin, argatroban) or intravenous (IV)
infusion of GPIs.21>2>2627 Data on the use of GPIs are relatively
limited, and fatal intracranial hemorrhage has been reported
as a complication®. Abciximab was used alone or in combina-
tion with other thrombolytic agents and showed efficacy in
dissolving an in-stent thrombus ( IV bolus dosage of 0.25mg/
kg and a 0.125mg/kg intra-arterially, followed by IV infusion of
0.125mg/kg/min for further 12 hours).5”#

In the majority of cases, resolution of neurological symp-
toms or residual paresis was observed. In one case treated
with aspirin alone, death occurred (Table 2).?

Thrombolysis + Re-Angioplasty

In 12 patients thrombolysis was performed which was un-
successful in 4 of them and further treatment was needed.
Thrombolysis in patients with acute ischemic stroke attribut-
ed to ICA occlusion can be infused either intra-arterially or
IV. Several thrombolytic agents such as streptokinase, uroki-
nase, tenecteplase, or rtPA have been used for the treatment
of acute ACST intra-arterially with complete, partial, or even
unsuccessful clot resolution.?”:10111213 A clinical improvement
and a patent stent in the majority of cases were described
(Table 2). Studies have recorded the beneficial effect of IV
thrombolysis®°, however, an increase in death and intracrani-
al bleeding were also documented.® In one case treated with
urokinase, a death occurred (Table 2).2

idogrel, , DAPT: Dual antiplatelet therapy(ASA and clopidogrel
al carotid artery, RICA- right internal carotid artery, CEA- carot-

3 cases were treated with re-angioplasty or stenting. Ow-
ens et al reported thrombolysis and repeat angioplasty, lead-
ing to ICA thrombosis and rupture.’® Masuo et al described
an intraprocedural ACST treated with redo in stent PTA using
an EPD, followed by intravenous heparin infusion for 7 days
with a residual mild hemiparesis.* Finally, Hu et al reported
intraprocedural in stent thrombosis treated with microcathe-
ter infusion of rt-PA and re-angioplasty.?°

Mechanical thrombectomy or thromboaspiration with or
without thrombolysis

8 patients underwent mechanical thrombectomy with or
without thrombolysis. The Penumbra system showed promis-
ing results with complete recanalization and neurological im-
provement in 3 patients (Table 2).>* Thromboaspiration com-
bined with thrombolysis or anticoagulants (abciximab) has
shown clinical improvement and stent recanalization.!%17.2830 |t
offers an alternative, however EPD occlusion has been report-
ed.’™* Dhall et al have reported complete patency restoration
with the use of a thromboaspiration catheter before EPD with-
drawal.’” Mechanical thrombectomy and stenting were asso-
ciated with higher recanalization rates and improved function-
al status when compared to intra-arterial thrombolysis.*?

Open Surgical Exploration

12 patients underwent surgical exploration (Table 2), due to
described major neurological deterioration.>!318212329 Strat-
egies such as carotid thromboendarterectomy and stent ex-
plantation, open surgical thrombectomy without stent remov-
al, primary or patch closure, use of shunt or not, and even
bypass from superficial temporal artery to middle cerebral
artery (STA-MCA) were reported.
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Table 2: Cases with acute carotid stent thrombosis. F- female, M- male, ND- not determined, ASA- aspirin, CLO- clopidogrel, ,

|__[First Author | Stroke severity and symptoms [ Treatment __________________Joutcome |

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
25
26

27

28
29
30

Tong®

Chaturvedi?
Chaturvedi?

Hamann®
Owens'®
Bush’

Steiner-Boker®
Setacci’!

Setacci?!
Setacci?!
Masuo®

Buhk??

Seo”

lancu®!

lancu®
Dhall*’
Choi*
Choi*
Kanemaru®®
Markatis™
Kim?

Kim?**

Kim?

Munich'®
Koklu?®

Moulakakis?’
Moulakakis?’

Moulakakis?’
Moulakakis?’

Cvjetko”

None

None
Right hemiplegia

Hemiparesis, left hemianopsia

Right upper extremity
weakness

Unconscious, hypotension,
seizures

Mild left facial paresis &
dysarthria

Crescendo TIAs

Decreased level of
consciouness

Left hemiplegia

Right hemiparesis, motor
aphasia

Aphasia, right hemiparesis

None

Hemodynamic instability,
contralateral hemiplegia,
unconsciousness

Unconsciousness

Seizures, hemodynamic
instability

Hemiparesis, dysarthria, left
facial palsy

Hemiparesis, dysarthria, right
facial palsy

None
Right paresis, numbness
None

Global aphasia

Hemiparesis, impaired
mentality

ND
Right hemiplegia, dysarthria

Left hemiparesis
Aphasia, right hemiparesis

Right arm paresis

Aphasia, right hemiparesis
Contralateral hemiplegia,
aphasia

Abciximab IV bolus

750000IU urokinase
ASA

70mg rt-PA & heparin

Thrombolysis, repeat angioplasty/ICA
thrombosis & rupture- stent removal

Mechanical thrombectomy & iv abciximab

Intracarotid 5mg rt-PA - intraarterial & iv for
12 hours abciximab

Endarterectomy and Stent removal
Endarterectomy and Stent removal

Surgical thrombectomy without stent
removal

In-stent PTA & EPD& iv heparin for 7 days

Antiplatelet therapy & heparin

IV tirofiban
Bolus streptokinase

Intrathrombus tenecteplase & balloon
angioplasty

Urokinase, abciximab, thromboaspiration

STA-MCA anastomosis

Iv rt-PA, intra-arterial thrombolysis, STA-
MCA anastomosis

ASA & CLO& cilostazol & warfarin &
argatroban

Heparin, endarterectomy, stent removal,
thrombectomy, primary closure
Mechanical thrombectomy (Penumbra
system)

Mechanical thrombectomy (Penumbra
system)

Mechanical thrombectomy (Penumbra
system)

Unsuccessful intraarterial verapamil &
abciximab, thrombus aspiration
Unfractionated heparin & ticlodipine

Thrombus aspiration, surgical exploration,
eversion CEA with stent removal

Intrathrombus urokinase & stenting

Tinzaparin

ASA, CLO nadroparin

Endarterectomy, stent removal, primary
closure

Resolution of neurological symptoms
/stent patent

Death
Death

Resolution of neurological symptoms/
stent patent

Motor deficits

Resolution of neurological symptoms
/stent patent

Neurological improvement/ stent
patent

Neurological improvement

Gradual improvement from the
stroke

Good recovery/ stent patent

Mild right hemiparesis

Minor hemiparesis & slight aphasia/
thrombus resolution, stent patent

No neurological deficit/ stent patent
No neurological deficit/ stent patent

No neurological deficit/ normal
intrastent velocities

Clinical improvement/ stent
recanalization

Left hemiparesis & dysarthria
Right hemiparesis

Thrombus resolution

Minor numbness of three digits on
the right hand

Complete recanalization

Complete recanalization/ neurological
improvement

Complete recanalization/ neurological
improvement

Good recovery/residual 25-30%
stenosis

Residual paresis

Clinical improvement, residual arm
paresis

Clinical improvement, residual arm
paresis

Residual arm paresis/30 months post-
op no paresis

Mild speech impairment

Rankin 1
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|__[First Author | stroke severity and symptoms | Treatment __________________Joutcome |

31 Cvjetko* TIAs

32 Moulakakis® Left hemiparesis

33 Moulakakis* Hemodynamic instability

34 Hu? None

the stent

35 Kahyaoglu® Motor aphasia, right

hemiplegia rt-PA
. Global aphasia, right
30 ’
36 Toljan hemiparesis eptifibatide
37 Weiwei®* Right limb weakness, right

facial paralysis, hemianalgesia

Endarterectomy, stent removal, Fogarty
thrombectomy

Endarterectomy & stent removal
Unsuccessful intraarterial thrombolysis &

actilyse, endarterectomy & stent removal
rt-PA through microcatheter, redilatation of

CLO, unfractionated heparin iv, intaarterial

Thrombus aspiration, alteplase, iv

Thrombus aspiration & tirofiban

Rankin 3
Good recovery

No neurological deficit

No neurological deficits/ stent patent

Left arm weakness/ stent
recanalization

Good recovery/ stent patent

Rankin 1

DAPT: Dual antiplatelet therapy(ASA and clopidogrel), A-asymptomatic, S- symptomatic, LICA- left internal carotid artery, RICA-
right internal carotid artery, CEA- carotid endarterectomy, EPD- embolic protection device

DISCUSSION

Acute carotid stent thrombosis remains a rare complication
of CAS, occurring during or after less than 1% of procedures.*
According to the available literature, 37 cases reporting acute
carotid stent thrombosis in the early period (<30 days) have
been recognized. Many factors have been implicated as re-
sponsible for ACST. Our study showed that the predominant
factors for carotid stent thrombosis are inadequate antiplate-
let therapy, thrombotic predisposition, and the antiplatelet
resistance.® Furthermore, technical intraprocedural anatomi-
cal causes predisposing to carotid stent thrombosis are local
vessel dissection or intimal injury leading to platelet adhesion
and thus thrombus formation'*?*, plaque protrusion promot-
ing thrombosis, kinking and even coiling of the distal part of
ICA?, vasospasm, stent underexpansion which impairs stent’s
thombogenicity itself?®, overlapping carotid stents?” and EPD
occlusion.*?®24 |t is supported that EPD occlusion and carotid
stent thrombosis are sequential events as they have been at-
tributed to similar mechanisms.**62

Our study showed heterogeneity in the type of treatment
used, the severity of the patient’s neurological condition, and
the extent of brain damage. In the majority of cases, clinical
improvement was observed with a resolution of neurological
symptoms or residual neurological deficit. Two deaths (5.4%)
were reported. However, this rate might be underestimated
by the fact that ACST cases with a fatal outcome may have
been avoided for publication. Thrombolysis, mechanical
thrombectomy, thromboaspiration with thrombolysis, open
surgical therapy, and re-angioplasty have all been used, de-
pending on the time of thrombosis, cause, and neurological
status of the patient, with promising results. The main goal of
ACST treatment is to promptly remove the source of throm-
bus to limit ischemia time, reperfusion injury, and potential
post-procedure related intracranial hemorrhage.

Emergent removal of the thrombosed stent is indicated in
ACST patients with immediate neurological deterioration, es-
pecially when the in-stent thrombosis is not associated with
intracranial carotid branch thrombosis. The emergency opera-
tion has the risk of clot dislocation due to surgical maneuvers

and therefore demands extended site exposure and careful
preparation to protect distal cerebral embolization.*

Several studies have documented the beneficial effect of
intra-arterial thrombolysis.?®”**3 |t can be used rapidly es-
pecially when ACST occurs intraprocedurally. Although local
intra-arterial thrombolysis might have a high recanalization
rate, however, intraluminal manipulation of wires and cath-
eters combined with thrombus lysis can cause clot fragmen-
tation and therefore distal cerebral occlusion. The residual
thrombus within the stent predisposes to restenosis or even
re-thrombosis of the stent. Intra-arterial thrombolysis with
redo PTA or stenting may be another alternative for treating
ACST.*¥2 |t should be emphasized that redo PTA or stenting it-
self carries a risk of damaging the stent’s stability. In addition,
one study showed that overlapping carotid stents predispose
to thrombosis.*

A combination of methods such as mechanical thrombec-
tomy with thrombus aspiration may be used according to ASA/
AHA guidelines in patients with large segment occlusion who
have not responded to intravenous thrombolysis and should
be performed only by certified experts.®! According to litera-
ture data, mechanical thrombectomy and stenting may be as-
sociated with higher recanalization rates and improved func-
tional status when compared to intra-arterial thrombolysis*.

In the most comprehensive review up to date in which
26 cases of early carotid stent thrombosis were presented an
algorithm for the management has been proposed.! This al-
gorithm distinguishes whether the complication occurred in-
tra- or post-procedurally. In the latter case, an imaging study
initially such as carotid duplex examination, followed by digi-
tal substraction angiography or computed tomographic angi-
ography in suspicion of distal extension of carotid thrombosis
is recommended to evaluate the level of thrombosis. Once
confirmed, then percutaneous mechanical thrombectomy,
thromboaspiration and thrombolysis or thrombolysis with or
without llb/llla receptor inhibitors are suggested. Then, if par-
tial or residual intrastent thrombosis with no distal cerebral
extension is documented surgical exploration can be used.
If carotid stent thrombosis occurs intraprocedurally immedi-
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ate treatment with percutaneous mechanical thrombectomy,
thromboaspiration and thrombolysis or thrombolysis with or
without Ilb/Illa receptor inhibitors should be initiated. If the
thrombus is refractory, surgical exploration should be con-
sidered. Tirofiban has been suggested mainly due to its short
platelet-bound half-life and long plasma half-life predisposing
to lower hemorrhagic risk®.

In conclusion, acute carotid stent thrombosis is a rare com-
plication of CAS with potentially devastating even lethal out-
comes. Although, there is no consensus on its management,
thrombolysis, mechanical thrombectomy, thromboaspiration
with thrombolysis, open surgical treatment, and re-angio-
plasty have all been used, depending on the stent thrombosis
time and cause with promising results. The critical points in
preventing a catastrophic outcome are immediate recognition
of thrombosis and rapid revascularization of the damaged tis-
sue.
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Emergency management of life-threatening iatrogenic femoral artery injuries

- report of four cases
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Abstract:

latrogenic vascular injuries (IVIs) have increased in the last decades due to the increase in endovascular interventions. The
common femoral artery (CFA) is a very common location of IVI. Although many cases are treated conservatively or with
minimally invasive techniques, management of life-threatening IVIs may be quite challenging. This report aims to present
four uncommon cases with life-threatening iatrogenic CFA injuries that were treated with open surgery and discuss on the

proper management.

INTRODUCTION

latrogenic vascular injuries (IVIs) have increased in number
during the last decades, with an estimated incidence of more
than one third of all vascular trauma cases.® Due to the in-
crease of endovascular procedures for the treatment of coro-
nary artery disease (CAD) and peripheral artery disease (PAD),
percutaneous arterial puncture and sheath introduction has
become a very common practice.’? There are several options
considering the access vessel for performing such endovascu-
lar procedures although the common femoral artery (CFA) re-
mains very popular, especially for more complex procedures.?
The occurrence of iatrogenic complications after CFA puncture
including haemorrhage, pseudoaneurysm (PSA) formation or
acute thrombosis depends on several factors such as length
of operation, type of the sheath, antithrombotic treatment,
obesity, performance of puncture under ultrasonographic
guidance or not, adequate compression, the presence of PAD
and others.>*

When the injury is small or stable, more conservative
treatments such as compression or ultrasound-guided throm-
bin injection (UGTI) have been applied with success.” How-
ever, when the injury is life-threatening and the patient be-
comes unstable, an emergency repair is indicated.? In many
cases, establishing control of the bleeding and repairing the
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injury may be challenging, especially when the hematoma is
of massive size. This report aims to present four unusual cases
with a life-threatening IVI post catheterization of the CFA, and
discuss on proper management.

CASE 1

A 55-year-old female patient with a history of PAD and re-
sistant arterial hypertension (under triple antihypertensive
treatment; bilateral renal artery stenosis; and an older oc-
cluded right renal artery stent) was scheduled by our neph-
rology department to undergo endovascular repair of the left
renal artery stenosis as well as repair of the significant iliac
artery disease. No vascular surgeon was previously informed
to evaluate the patient. The patient was referred directly to a
radiology department in another hospital where she under-
went an angioplasty and stenting of the left renal artery and
kissing stenting of the common iliac arteries (in total 4 new
stents) (see Figure 1A). The procedure was performed percu-
taneously via femoral access (6Fr sheaths) and the patient was
transferred back to our nephrology department with pressure
bandages placed bilaterally. Within the following hours, the
patient presented a huge right-sided hematoma expanding
from the upper femoral area towards the right abdominal wall
up to the right hypochondrium (Figure 1B). There was a sig-
nificant drop of haemoglobin and the patient quickly became
unstable. She lost consciousness and was intubated. Vaso-
constriction treatment and blood transfusions were initiated
promptly.

The patient underwent an emergency surgery. Due to the
cephalad expansion of the bleeding, an oblique retroperito-
neal approach was not feasible, and therefore a middle ab-
dominal incision was selected. During the dissection of the
abdominal wall, a massive bleeding originated from the right
extraperitoneal area that was initially managed with gauge
packing. After entering the abdominal cavity, the right ex-
ternal iliac artery was dissected below the level of the stent
and clamped. Immediately, the patient was stabilized by the
anaesthesiologists. Thereafter, a large femoral incision was
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Fig 1. (A) Angiography showing the occluded right renal artery stent (arrow) and the newly placed stents (left renal artery and
kissing stents); (B) Picture of the giant ruptured hematoma ranging from the right femoral region up to the right hypochondri-
um; (C) Intraoperative image showing the middle abdominal incision (arrow) and the two rupture points in the right

made, and the femoral bifurcation was dissected. Two rup-
ture points were identified in the CFA and sutured with Pro-
len 5-0. (Figure 1C) All wounds were closed, and drains were
placed both under and over the inguinal ligament. The patient
was extubated and transferred to intensive care unit (ICU) for
close monitoring. The patient was discharged a week after in
optimal condition.

CASE 2
A 52-year-old female patient with obesity (BMI>30kg/m2),

PAD and chronic renal disease (under peritoneal dialysis) un-
derwent a scheduled open mechanical mitral valve replace-
ment due to severe regurgitation in our cardiac surgery de-
partment. Intraoperatively, a triple-lumen 8Fr arterial sheath
was placed into the left CFA to monitor arterial pressure. Post-
operatively, the sheath was removed under coumarin treat-
ment for the valve (INR > 2.5). Possibly due to full anticoagu-
lation and suboptimal pressure appliance, a huge expanding
hematoma presented in the upper left femoral area that led
to significant haemoglobin drop, severe pain and incipient
skin necrosis (Figure 2A). The patient underwent a computed
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angiography (CTA) illustrating a 17cmX14cm hematoma and
an extravasation from the left CFA (Figure 2B). Before being
transferred to operation room, the patient started becoming
hemodynamically unstable and vasoconstriction treatement
was initiated. As there was no expansion of the hematoma
above the inguinal ligament, an oblique retroperitoneal ap-
proach was selected for proximal control. A second incision
was made below the hematoma and superficial femoral artery
was also dissected for distal control. Then, a third incision was
made over the hematoma. A large amount of blood as well
as thrombus were drained. During dissection of the femoral
vessels, a longitudinal rupture (almost 1.5cm in length) of the
common femoral vein (CFV) was identified that was sutured
with Prolen 5-0. At the same level, a small rupture site of the
CFA was also detected that was also sutured with Prolen 5-0.
(Figure 2C) All wounds were closed, and 4 drains were placed

[CSEU %
Fig 2. (A) Image of the giant left femoral hematoma causing impeding skin necrosis. (B) Images showing the extravasation from
the left common femoral artery (arrow) and the maximum diameter of the hematoma; (C) Intraoperative image showing the
extraperitoneal incision (arrow) and the two rupture points in the left common femoral artery (white circle) and the left com-
mon femoral vein (black circle).
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overall. The patient was extubated and transferred to ICU for
close monitoring. She was discharged after 5 days from the
hospital in optimal condition.

CASE 3

A 58-year-old male patient with a history of CAD underwent
a scheduled percutaneous coronary intervention (PCl) in the
interventional cardiology department of our institution. The
procedure was conducted via a left CFA access and pressure
bandages were placed after the removal of the sheath. How-
ever, the patient within the following hours presented an large
expanding hematoma of the left femoral area, with the femo-
ral circumference being almost twice the size of the contralat-
eral limb. (Figure 3) The patient quickly became hemodynami-
cally unstable, and he received 4 blood units due to significant
haemoglobin drop. Without delay, the patient was transferred
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to the operating room and underwent emergency surgery.
Due to the size of the hematoma, an oblique extraperitoneal
approach was again selected for proximal control. After con-
trolling the external iliac artery, a femoral incision was made.
Again, two rupture points were identified, one in the left CFV
and one in the left CFA. Both ruptures were sutured with Pro-
len 5-0. The patient was stabilized and transferred to ICU for
close monitoring. He was discharged within a week in optimal
condition.

CASE4

A 72-year-old patient with history of cardiac valve disease
and obesity was scheduled for a transcatheter aortic valve
implantation (TAVI). The procedure was conducted percuta-

145

neously via a left CFA access in the interventional cardiology
department of our institution. After the removal of the sheath
(16Fr), the cardiologists placed a percutaneous closing device
twice without success. The patient quickly became unstable
due to haemorrhage through the puncture site. A cut-down
dissection was performed immediately within the angio-suite
and clamps were placed in the left CFA to stop the bleeding.
(Figure 4A) The patient then was transferred to the operating
room (in another floor) and underwent an emergency surgery.
The femoral bifurcation was dissected, and a severe injury of
the entire CFA was detected. Therefore, the CFA was substitut-
ed with an interposition 7mm PTFE graft. (Figure 4B) The pa-
tient was stabilized and transferred to ICU for close monitor-
ing. There were no signs of ischemia in the limb. The patient
was discharged after one week in optimal condition.

: v £
Fig 4. (A) Image showing a femoral incision and the vascular clamps placed in the left common femoral artery within the an-
gio-suite; (B) An interposition 7mm PTFE graft placed after excision of a severely injured common femoral artery.
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DISCUSSION

Arterial interventions are associated with an overall minor
complication rate of less than 10%, and major complications
requiring transfusion or surgical intervention occur at a rate of
less than 1%.* However, injury of the femoral artery is a com-
plication with an incidence reaching up to 3.5% after trans-
femoral procedures in interventional cardiology and haemodi-
alysis units.® Most arterial injuries present as a pulsatile mass,
and they may have a palpable thrill or an audible murmur. The
diagnosis is confirmed with ultrasound imaging as first-line
option.™* The ultrasound can identify the point of extravasa-
tion, the amount of thrombus, the blood flow velocity pattern
and all the associations with adjacent structures. However, a
further angiographic imaging may be necessary for the follow-
ing reasons: a) when ultrasound is inconclusive; b) there are
signs of ischemia; c) the injury is extended to the retroperito-
neal area; d) an endovascular repair is planned.’

When the patient becomes unstable like in our cases, the
indication for emergency repair is set without the need for di-
agnostic imaging.* An injury of the CFA can cause major bleed-
ing, PSA formation, thrombosis or distal embolization, local
pain, neuropathy or local skin necrosis.® Risk factors include
large-sized catheters, false technique, obesity, haemodialy-
sis, hypertension, anticoagulation and PAD, concurring with
our cases.® Patients treated for CAD or valve disease usual-
ly receive large doses of antiplatelets or anticoagulants that
increase the risk for bleeding as well. Furthermore, patients
with chronic renal disease may have also some degree of co-
agulopathy.’

Life-threatening IVIs of the femoral artery are rare in gen-
eral, but they can be devastating.® In a recent study evaluating
life-threatening IVIs, however, groin was the most common
location (42%).2 Considering each specialty, IVIs were detect-
ed in the groin in 66% of interventional radiology cases and
in 33% of thoracic surgery cases, concurring with our report.®
Additionally, transfemoral access is associated with higher
mortality compared to transradial access for endovascular re-
pair of PAD or carotid disease.’ It seems that death if occurs,
it is not attributable to the injury itself in all cases. Howev-
er, almost half of the injuries are considered avoidable with
possible causes including false communication, doctor’s delay,
technical false, false patient selection or indication.®° In our
cases, the use of ultrasonographic guidance, a more careful
pressure appliance, or the use of a closing device could have
prevented major bleeding in some of the patients. In addition,
a vascular surgeon was not informed preoperatively in all the
cases and that may have impacted the outcome significantly.
We have found in an earlier study that a standardized preop-
erative evaluation by a vascular surgeon was associated with
a lower mortality risk among patients undergoing TAVI.X® Even
after the injury, delay in obtaining vascular surgery assistance
may lead to unnecessary blood loss or additional vascular
damage.’

Non-surgical treatment remains the primary management
for femoral IVIs when the patients are asymptomatic and the
diameter of the PSA is < 2cm. Indications for open surgery in-
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clude hemodynamic instability of the patient, rapid expansion
of a hematoma/PSA, mycotic infection of a PSA, compromised
soft tissue viability, failure of more conservative strategies,
concomitant distal ischemia and neurological deficit due to
local pressure.>> Conservative management may be also
preferred in patients with many comorbidities and significant
anaesthetic risk. This management must include restoration of
the patient’s haemostatic function, lowering blood pressure,
possible transfusions and absolute bed rest. Of course, fre-
guent haemoglobin measurements and close clinical assess-
ment are essential so that the plan may be changed promptly
to surgical treatment if necessary.>?> The success rate of con-
servative treatment is significantly lower compared to surgery
although the complications rate is higher after surgical repair.®
When comparing conservative strategies, it seems that UGTI
has superior results compared to ultrasound-guided compres-
sion.> UGTI may be associated with rare complications such
as peripheral embolization, anaphylactic reaction to thrombin
and skin infection. Some data indicate that sac area and neck
length/width is associated with the success of UGTI.®

When intervention is indicated, open surgery is usually re-
served for rupture or expanding PSAs. Although endovascular
treatments (covered stent placement or coil embolization) are
currently used in many cases, their efficacy and safety have
been shown only in small studies.® AlImost half of femoral IVIs
are treated with simple suture of the vessel like in our cas-
es.” When the damage is more extent, a more complex repair
may be needed such as end-to-end anastomosis, patch place-
ment, bypass or interposition grafting. Vascular injuries have a
better prognosis when treated quickly after injury. In cases of
large hematomas with possible retroperitoneal expansion, a
proximal external iliac artery dissection and control should be
used whereas in cases with obvious bleeding below the ingui-
nal ligament, dissection of the CFA only may be adequate for
controlling the bleeding. In some cases, a concomitant venous
injury may be present that can cause major bleeding despite
the proximal arterial control concurring with our report.* In
these cases, the attempt to obtain vascular control with force-
ful use of clamps may result in additional injuries compared to
achieving haemostasis with compression. Digital compression
or the use of swabs may be a more appropriate strategy for
venous injuries.

In conclusion, the majority of IVIs in the femoral area are
avoidable and a standardized preoperative evaluation by a
vascular surgeon may prevent them. They should be treated
with open repair promptly when they are expanding, ruptured
or complicated. Especially in cases of rapid retroperitoneal ex-
pansion of a hematoma or giant-sized PSAs, a proximal control
above the inguinal ligament should limit the blood loss. Cau-
tion should be taken as a concomitant major venous injury
may be present and increase the amount of blood lost.
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Multiple skip incisions technique for two-staged basilic vein transposition: a
good alternative to the standard single long incision

Pavlos Georgiou, Christos Pitros, Andreas Tsimpoukis, Spyros Papadoulas

Vascular Surgery Department, Patras University Hospital, Patras-Greece

Figure: The basilic vein was transected and transposed to an antero-lateral subcutaneous channel after three skip incision to
harvest the vein (arrow). Finally, the venous parts were re-anastomosed (arrowhead).

A 58-year-old-male on hemodialysis underwent a two-staged
tunneled basilic vein transposition with three skip incisions.
Initially, preoperative color-duplex mapping was performed
and a standard brachio-basilic arteriovenous fistula with the
median cubital vein was accomplished. Six weeks later, after
the arterialization of the basilic vein, the second stage took

Author for correspondence:
Spyros Papadoulas, MD, MSc, PhD

Vascular Surgery Department, Patras University Hospital,
26504, Rio, Patras, Greece

E-mail: spyros.papadoulas@gmail.com

doi: 10.59037/xfhsga57

ISSN 2732-7175 / 2023 Hellenic Society of Vascular and
Endovascular Surgery Published by Rotonda Publications
All rights reserved. https://www.heljves.com

place after skin marking of basilic vein’s location by ultra-
sound. Under local anesthesia, the basilic vein and the cubital
vein were dissected free from the arterial anastomosis up to
the confluence with the axillary vein, using hook/right-angle
retractors to dissect the vein under the skin. The vein was
transected peripherally, tunneled subcutaneously in a new
lateral route, after a small skin incision in the mid-upper arm,
and re-anastomosed. The incisions were closed in a standard

fashion. The access is still functional during the last six years.

Multiple skip incisions compared to a single long incision
have a better cosmetic result and cause less tissue damage. A
single incision offers easier vein dissection, needs less opera-
tive time but leaves back a longer scar. Multiple skip incisions
technique would have the theoretical advantage of reduced
postoperative pain, oedema and surgical site infection/dehis-



149 Hellenic Journal of Vascular and Endovascular Surgery | Volume 5 - Issue 4 - 2023

cence rates. This is supported in some reports! but in others,
although these complications were encountered infrequently,
the difference did not reach statistical significance.?
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