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EDITORIAL

Cutting Edge or Cutting Back? What ECST-2 Means for the Vascular Surgeon

loannis Kakisis

First Department of Vascular Surgery, University of Athens Medical School, Attikon Hospital, Athens, Greece

The Second European Carotid Surgery Trial (ECST-2) address-
es a critical question: in patients with carotid stenosis >50%
(whether asymptomatic or low-to-intermediate risk symp-
tomatic), does adding carotid revascularisation (either carot-
id endarterectomy or stenting) to optimised medical therapy
(OMT) yield better outcomes than OMT alone?* The trial was
conceived in the context that much of the evidence favour-
ing revascularisation (CEA or CAS) comes from trials several
decades old — ECST, NASCET, ACST etc. — and medical thera-
py (lipids, blood pressure control, antithrombotics, risk factor
control) has improved substantially since then.

The trial randomised 429 patients between 2012 and
2019: 215 to OMT alone, 214 to OMT + revascularisation. Both
symptomatic and asymptomatic patients were included with
a carotid stenosis 250%. Symptomatic patients had to have a
predicted 5-year risk of ipsilateral stroke of less than 20% by
the CAR score (Carotid Artery Risk score).? The primary out-
come for the 2-year, interim analysis was a hierarchical com-
posite endpoint assessed with a win ratio of (1) periprocedural
death, fatal stroke, or fatal myocardial infarction; (2) non-fatal
stroke; (3) non-fatal myocardial infarction; (4) new silent cere-
bral infarction on imaging. Analysis was by intention-to-treat.

The study showed that, at 2 years, there was no significant
benefit of adding revascularisation in patients meeting the in-
clusion criteria. The win ratio was 1.01 (95% Cl 0.60-1.70; p =
0.97), meaning nearly equal “wins” for OMT alone vs OMT +
revascularisation. No heterogeneity (no subgroup with clear
benefit) was found in the predefined subgroups (symptomatic
vs asymptomatic, degree of stenosis, etc.). Consequently, the
authors support treating patients with asymptomatic carotid
stenosis, or symptomatic carotid stenosis at low to intermedi-
ate risk (by CAR score), with optimised medical management
alone, pending further data (5-year follow-up, etc.).

Strengths of ECST-2 include that it is a contemporary trial,
offering current OMT. Given improvements in medical ther-
apy (e.g., statins, better control of hypertension, antiplatelet
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regimens) over the past decades, it’s highly valid to revisit
whether revascularisation still adds benefit in lower-risk pop-
ulations. The trial is responding to a major gap in current ev-
idence. Morover, the use of the CAR score allows stratifica-
tion by individual risk, rather than treating all patients above
a stenosis threshold equally. This constitutes a step toward
personalized medicine. The multicentre design (30 centres
across several countries) enhances generalizability, the blind-
ed adjudication of outcomes (particularly imaging outcomes)
ensures reliability, whereas the use of the hierarchical com-
posite outcome and the win ratio emphasizes clinically more
serious outcomes first. This avoids simply adding up events of
unequal clinical meaning.

The low event rates underline how good medical therapy
has become. The fact that in both arms, stroke (clinical or im-
aging) occurrences were modest shows that OMT is effective.
This underpins the trial’s utility. In addition, monitoring silent
cerebral infarction by imaging adds important nuance; many
strokes are clinically silent but may have cumulative effects.
Including these in the composite outcome improves sensitiv-
ity.

While ECST-2 provides highly informative interim data,
there are several important limitations (some acknowledged
by authors) that should temper how we apply these findings
or draw conclusions. First, the 2-year follow-up is short. The
risk of stroke in carotid stenosis tends to accumulate over
time. Some benefits of revascularisation may not fully man-
ifest until beyond 2 years. The trial is ongoing with planned
5-year follow-up. In the same context, early perioperative
risks (stroke, MI, death) might tip the balance against revascu-
larisation in the short term; whether later benefits outweigh
early harm may depend on longer follow-up. It should also be
emphasized that ECST-2 deliberately excludes patients with
high predicted risk (CAR >20%) of ipsilateral stroke. Thus, re-
sults do not apply to higher-risk patients, where benefit of re-
vascularisation may still be substantial.

Statistical issues and power represent another caveat
Because event rates are lower than historical trials anticipat-
ed, the trial may be underpowered to detect small but clin-
ically meaningful differences, especially for particular sub-
groups. Subgroup analyses are especially fragile given small
numbers. Similarly, the confidence interval of the win ratio
is wide (0.60-1.70) meaning substantial uncertainty around
effect-size. A possible moderate benefit (or harm) cannot be
ruled out.

The generalisability to revascularisation type and proce-



30 Hellenic Journal of Vascular and Endovascular Surgery | Volume 7 - Issue 2 - 2025

dural risk is also under question. ECST-2 included both carotid
endarterectomies and CAS procedures. The risks and benefits
of these two techniques might differ, especially in certain ana-
tomical subtypes or patient comorbidity profiles. Thus, results
may not generalize equally to CEA and CAS.

Risk prediction via CAR score is also questionable. The CAR
score was recalibrated, but risk prediction always carries un-
certainty; improvements in medical therapy may continue,
and baseline population characteristics (older age, comorbid-
ity, imaging features) may shift. Thus, the predictions might
drift.

Moreover, imaging markers such as plaque vulnerability
(e.g. intraplague hemorrhage, ulceration) might modulate
risk substantially; while ECST-2 plans to examine these, the
interim results do not yet allow stratification by these im-
aging features. Some patients otherwise “low risk” may be
misclassified.

While inclusion of “silent cerebral infarction” in imaging
is a strength, the clinical impact (on cognition, risk of future
symptomatic stroke, functional outcome) is still uncertain. The
weight given to silent infarcts in the composite (being lowest
in the hierarchy) reflects this. But long-term consequences
matter, especially in older patients.

ECST-2 was planned initially for a larger sample size (origi-
nally ~2000), but recruitment was smaller. This may limit sta-
tistical power. Also, during its protracted recruitment period
(2012-2019), standards of medical therapy and patient char-
acteristics may have shifted, potentially introducing heteroge-
neity across enrolment eras.

Given the strengths and the limitations, what does ECST-2’s
2-year interim analysis mean for clinicians managing carotid
stenosis? For patients with carotid stenosis 250%, but other-
wise “low risk” (as per CAR score), especially asymptomatic
or in whom symptoms are remote, ECST-2 suggests that op-
timised medical therapy may suffice without the risks of re-
vascularisation. This could spare patients the operative risks
(perioperative stroke, MI, death) and costs or morbidity of
surgery.

The trial underlines that medical management today is far
better than decades ago. High uptake of statins, better control
of BP, antiplatelets etc. These therapies matter; any decision
about intervention must assume medical therapy is aggres-
sively optimized.

Not all patients with similar degrees of stenosis are the
same. Other factors (age, sex, comorbidities, plaque morphol-
ogy, time since symptoms) affect risk. ECST-2’s use of the CAR
score and planned plaque imaging point to a more nuanced
decision-making framework. Clinicians should adopt risk
scores and imaging to identify who might get benefit from re-
vascularisation. Existing guidelines (national and internation-
al) that recommend revascularisation based largely on degree
of stenosis and symptomatic status may need revising, or at
least specifying thresholds for risk under modern therapy.
The ECST-2 findings could prompt societies to incorporate risk
scores, imaging markers, patient age, comorbidity, and oper-
ative risk more explicitly. Patients with “high stroke risk” by

CAR (220%), recently symptomatic, or with imaging features
of vulnerable plaques, may still benefit from intervention.
ECST-2 does not include those, so guidelines should still allow
revascularisation in those higher-risk categories.

While ECST-2 is important, there are several unanswered
questions and areas for further research.

The longer-term data (5-year follow-up) are crucial. Only
then can we see whether the modest early disadvantages of
revascularisation (perioperative risk) are offset by longer-term
reductions in ipsilateral stroke, and to what magnitude.

Plaque imaging (e.g. intraplaque hemorrhage, ulceration,
lipid-rich core) may identify patients with low risk by clinical
score but high risk by plaque vulnerability. It remains to be
seen whether these subgroups derive greater benefit from
revascularisation. ECST-2 includes MRI plaque substudies, but
these results are not yet mature.

More work is needed to understand how silent infarcts
contribute to long-term neurological, cognitive, or functional
impairment, and whether preventing them justifies interven-
tion. The choice of hierarchical composite endpoint is good,
but what weights do patients give to silent infarcts vs overt
stroke vs Ml etc?

Quality of life, cognitive decline, functional status—these
are not yet fully addressed, especially in those with silent or
subclinical infarcts. Also, durability of revascularisation (late
restenosis, procedural durability) matters over longer time.

Interventions (especially surgery or stenting) carry cost and
resource use. If OMT alone is non-inferior in many low-risk pa-
tients, this could shift resource allocation. Economic analyses
will be important.

Many trials are done in high-income countries, in centers
with high experience. The benefit:risk ratio may differ in low-
er-income settings, or in centers with less surgical/interven-
tional expertise.

The CAR score is helpful, but further refinement, valida-
tion, perhaps integration of imaging, biomarkers (if any) is
needed. Also, tracking secular changes in baseline risk (medi-
cal therapy improvements) is vital; what is “low risk” now may
shift in the future.

Older patients, those with limited life expectancy or co-
morbidities, may derive less benefit from revascularisation
(given procedural risks) and more from medical management.
Tailoring by life expectancy is important.

Revascularisation’s appeal lies in the idea of removing
or bypassing a stenotic lesion, potentially preventing future
strokes. But every revascularisation carries risk — surgical
morbidity/mortality; for stenting, risks may differ (embolism,
restenosis); procedural Ml risk; peripheral complications. Con-
versely, medical therapy also has cost, side effects, adherence
issues, but substantially lower immediate procedural risk.

What ECST-2 shows is that, in patients with lower predict-
ed stroke risk under OMT, the immediate procedural risks
may not be balanced by enough prevented strokes in a 2-year
span. Over time, this balance may shift, or may not; the trial
will tell. Thus, the trade-off is highly sensitive to:
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e The magnitude of baseline risk of ipsilateral stroke if
untreated (or treated just with OMT)

e The procedural risk and the center/surgeon/interven-
tionalist performance

e Patient preferences: e.g. avoidance of even small
stroke risk vs desire to avoid surgery

e Life expectancy: someone with longer life more likely
tob

ECST-2 is part of a broader trend of re-examining old as-
sumptions. Earlier trials (ECST, NASCET, ACST) established the
benefit of carotid revascularisation in symptomatic high grade
stenosis, and in some asymptomatic patients. But medical
therapy at the time was much less rigorous. Over time, regis-
tries and smaller studies have shown that stroke rates under
medical therapy have fallen in asymptomatic stenosis to ~1%
per annum or less, sometimes even 0.6% in selected cohorts.
Other ongoing trials (e.g. CREST-2, SPACE-2, ACTRIS) also aim
to clarify the balance of benefits in asymptomatic or lower
risk symptomatic carotid disease. ECST-2’s contribution is that
it gives us randomized controlled data (rather than observa-
tional) in modern medical therapy settings, for a well-defined
lower risk population. It helps define what “lower risk” may
mean in practice, and challenges the practice of automatically
revascularizing stenoses above a fixed degree (e.g. 270%) re-
gardless of other risk features.

In conclusion, the ECST-2 2-year interim results are a land-
mark in carotid stenosis management. They suggest that for
many patients with moderate carotid stenosis and low-to-in-
termediate stroke risk, optimised medical therapy alone may
perform as well over 2 years as adding carotid revascularisa-
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tion, considering the risks, costs, and invasiveness of surgery
or stenting. Nonetheless, these are interim observations.
Longer follow-up, richer imaging subgroup data, better un-
derstanding of silent infarcts, and refinement of risk stratifi-
cation tools are needed before wholesale changes in practice
are made. What the trial does immediately is sharpen our
awareness that: not all carotid stenosis is equal, that medi-
cal treatment today is far more powerful than a few decades
ago, and that patient-selection matters critically. Already, in
low-risk patients, a more conservative approach seems justi-
fied. As with all such pivotal trials, the devil is in the details
— patient selection, operator skill, timing, comorbidity — but
ECST-2 moves the field forward by providing modern evidence
calibrating when carotid revascularization is truly likely to add
value beyond best medical care.
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Abstract:

Introduction: Oncologic surgery maybe a challenge, especially when the tumour lies in the proximity of major vascular
structures. This study aims to compare main outcomes between a a planned vascular surgeon (VS) consultation/partici-
pation versus an emergency VS participation among patients undergoing oncologic surgery.

Methods: This is a retrospective study conducted in a university department of general surgery. All included patients
underwent an oncologic surgery within a 6-year period (January 2019-December 2024). Main early outcomes were
compared between two groups: Group A (planned VS consultation/participation) versus Group B (emergency VS partici-
pation). Main early outcomes included 30-day mortality, intraoparative blood loss, days of ICU stay, days of hospital stay,
major cardiac events and major limb events (ischemia or amputation)

Results: A total of 93 patients were included (Group A = 41 versus Group B=53). Demographics were similar between
the two groups. Gynaecological tumours and colon/rectal tumours resection were the most frequent types of surgery in
Group B. Although Group B presented with 9.6% 30-day mortality compared to null mortality in Group A, this was not
statistically significant. Group B was associated with a higher blood loss (6.3 blood units vs 2.2 blood units, p=0.01) and
a longer hospital stay (9.8 days vs 6.6 days, p=0.02).

Conclusions: Planned VS consultation/participation to oncologic surgery seems to yield favourable early outcomes com-
pared to emergency VS consultation. This must be verified considering late outcomes as well. This also raises concerns
regarding a more extensive vascular training for all oncologic surgeons.

Key-words: oncologic surgery, vascular injury, vascular consultation, vascular participation, comparative study, early

outcomes

INTRODUCTION

latrogenic vascular injuries have been increased in the last
decades, especially with the increase of endovascular proce-
dures.>? Reconstructing any vascular injury can be challenging
for surgeons who do not routinely perform vascular recon-
struction.™? Vascular surgeons are therefore called to assist
other surgical specialties when an injury occurs or preopera-
tively to plan an oncologic procedure when the tumour lies in
the proximity of large vessels.? As surgical oncologists, urolo-
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gists, and colorectal surgeons increasingly resect anatomically
complex tumours with curative intent, vascular surgeons are
called to reconstruct the associated vascular anatomy, hop-
ing to improve the quality and safety of RO resections, where
margins of the resected specimen are microscopically free of
cancer cells, through a multidisciplinary approach.*®

Although the role of a vascular surgeon in the treatment
of iatrogenic injuries has been addressed by several studies,
there is limited data on a direct comparison of outcomes be-
tween a planned and an emergency vascular surgeon consul-
tation. Therefore, aim of this study was to compare outcomes
between a planned vascular surgeon consultation/ participa-
tion and an emergency call when a vascular injury occurs dur-
ing an oncologic procedure.

METHODS

This was a retrospective study including patients that were
treated with oncologic surgery in our university department.
All patients were treated within a 6-year period (January
2019-December 2024). This was a comparative study that
compared major outcomes between two Groups of patients:
Group A (a planned vascular surgeon [VS] consultation or par-
ticipation to the procedure was scheduled) versus Group B
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(emergency VS participation to the procedure due to vascu-
lar injury). Major outcomes included 30-day mortality, cardiac
adverse events (myocardial infarction, acute heart failure or
major arrhythmia), limb events (acute limb ischemia or emer-
gency limb revascularization or amputation), mean blood loss,
mean ICU (intensive care unit) stay, mean hospital stay.

All main demographics were recorded including mean age,
gender, main comorbidities, type of cancer, type of oncologic
surgery, type of vascular injury and repair when occurred.

Statistical analysis was conducted using the StatsDirect
Statistical software (Version 2.8.0, StatsDirect Ltd, Cambridge,
UK). P values were calculated for evaluating statistical signifi-
cance, with a P of less than 0.05 indicating a statistically signif-
icant difference. All variables and outcomes were compared
between the two Groups using the x? Fischer test for non-nu-
merical parameters and Mann-Whitney test for numerical pa-
rameters.

RESULTS

In total, 93 patients were analyzed in this retrospective study.
Group A (planned VS consultation/participation) included 41
patients and Group B (emergency VS participation) included
52 patients. Mean age for all patients was 62 (46-78) years of
age and 54.8% were of male gender.

Basic demographics did not differ between the two groups.
(Table 1)

Fig 1. Intra-abdominal teratoma covering the entire abdomi-
nal cavity (planned vascular surgeon participation).
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The most common cancer types addressed in Group A
were Sarcoma (36.5%) and Pancreas cancer (24.4%). The most
common cancer types in Group B were gynecological tumours
(36.5%) and colon/sigmoid cancer (19.2%). Sarcomas were
more frequent in Group A than Group B, and gynecological
tumours were more frequent in Group B than in Group A. (Fig-
ures 1-7)

Regarding the location of vascular injury, iliac arteries and
iliac veins were more frequently injured in Group B compared
to Group A. (p = 0.0001)

Regarding the type of vascular injury, ruptures/lacerations
(p = 0.0001) and retroperitoneal hematomas (p=0.008) were
more frequent in Group B compared to Group A. The other
types of injury were similar between the two groups.

Regarding the type of treatment, conservative treatment
(p=0.004), suturing (p=0.0002) and ligation (p=0.002) were more
frequent in Group B, while other types such as bypass grafting or
patch placement were similar between the two groups.

Regarding the main outcomes, 30-day mortality was sim-
ilar between the two groups (Group A: 0% vs Group B: 9.6%,
p>0.05). However, blood loss was higher in Group B (6.3 blood
units vs 2.2 blood units, p=0.01) as well as mean hospital stay
was higher in Group B (9.8 days vs 6.6 days, p=0.02). Other
outcomes such as cardiac events, limb events, DVT/PE (deep
venous thrombosis/pulmonary embolism) or ICU stay were
similar.

Fig 2. Resection of recurrent retroperitoneal sarcoma — emer-
gency rupture of the inferior vena cava (IVC) and the right
common iliac vein (CIV). Emergency vascular surgeon partic-
ipation — Suturing of the IVC and right CIV (between the ar-
rows).
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Fig 3. Resection of right renal carcinoma with extensive throm-  Fig 5. Extensive dissection of the carotid bifurcation due to

bosis of the right renal vein extending to the inferior venacava recurrent tumour of the tongue - The white circle points out

(IVC). Nephrectomy and suturing of the IVC after removal of the tumour, the white arrow shows the internal carotid artery

the kidney (arrow - planned vascular surgeon participation). and the black arrow shows the vagus nerve (planned vascular
surgeon participation).
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Fig. 4. Extensive resection of a sarcoma located in the right up-
per femoral area — Arrow shows the superficial femoral artery
(planned vascular surgeon participation).

Fig 6. Synthetic aorto-hepatic bypass graft due to hepatic ar-
tery transection during a hepatic carcinoma resection. (emer-
gency vascular surgeon participation)
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Fig 7. (A) Abdominal aortic pseudoaneurysm formation right after resection of retroperitoneal sarcoma. (B) Emergency vascular
surgeon consultation leading to patch placement at the abdominal aorta.

DISCUSSION

In this retrospective study we reported that planned VS con-
sultation/participation to oncologic procedures is associated
with better early outcomes compared to emergency VS con-
sultation/participation due to a vascular injury.

Regarding the type of procedure associated with vascular
injury, we found that gynaecological procedures were more
associated with emergency VS consultations compared to sar-
comas where a planned VS consultation was more frequently
requested. According to a former cohort study, general sur-
gery procedures were the most frequent procedures associat-
ed with iatrogenic vascular trauma followed by the cardiology
endovascular procedures.! Dancyc et al. reported that 46%
of intraoperative consultations referred to surgical oncology
compared to other specialties such as orthopedics or urolo-
gy.® This concurs with the present study. However, in a recent
cohort study, only 9.6% of all procedures that requested VS
consultation referred to surgical oncology, with spinal surgery
being the most frequent.” In another study by Tomita et al.,
more than 60% of the cases requested a VS consultation and
they were for vascular exposure and avoidance of bleeding,
whereas only 14.4% of cases were due to bleeding and a 19%
required a vascular reconstruction.?

The most frequent type of vascular injury in this study
was rupture or laceration and retroperitoneal hematomas in
Group B compared to Group A. This could be justified also as
iliac arteries and iliac veins were more frequently injured in
Group B. Therefore, we found that the most frequent treat-
ments included conservative treatment in case of hemato-
mas and ligation or suturing in case of ruptures/lacerations in
Group B compared to Group A.

Regarding early outcomes, we found similar 30-day mor-
tality between groups although emergency VS consultation/
participation was associated with 9.6% mortality compared
to null deaths after planned VS participation. This concurs
with Blackwood et al. who found a 7.2% 30-day morality in
their cohort.® However, we found more blood loss and a larger
hospital stay associated with emergency VS interference. This

concurs with the study by Bobadilla-Rosado et al. where the
authors found almost twice the loss of bleeding during a ret-
roperitoneal oncologic resection when a VS was requested in
an emergency setting. Additionally, the authors have associat-
ed the emergency VS interference with low long-term survival
t00." This raises the question if an oncologic surgeon should
receive a training in vascular surgery as well. Raj et al. have
highlighted in their study that there is a visible ‘gap’ in skills
training of an oncologic surgeon that could be filled with pro-
ficiency in vascular surgery.’°

A scientific approach and international collaboration are
needed, so that we can better identify which patients should
be operated, what problems to anticipate and could be avoid-
ed with better planning, and which solutions improve patient
outcome.' Degano et al. have conducted a systematic review
evaluating vascular complications during oncologic ovarian
surgery and reported almost 2.7% pooled rate of vascular
injury during such type of surgery.’* Ovarian cancer surgery
is characterized by a comparatively low risk of vascular com-
plications, as it involves an intraperitoneal pathology, with
nearly all surgical interventions occurring at the peritoneal-in-
traperitoneal interface. There are some exceptions: debulking
of lymphadenopathy in advanced ovarian cancer and recur-
rences, often retroperitoneal, usually in patients who have
undergone surgery or other treatments, leading to higher sur-
gical complication risks or any type of pelvic and para-aortic
lymph node dissection. Therefore, the authors proposed a risk
classification system that classified the patients into low, me-
dium and high risk for vascular complications.®® High-risk pa-
tients have experienced major vascular complications, display
significant imaging anomalies, and have undergone multiple
previous surgeries. There is a high probability of necessitating
lymphadenectomy or advanced abdominal retroperitoneal
surgery, with a body-mass-index below 16 or exceeding 30,
alongside severe coagulation abnormalities alterations. A vas-
cular surgeon should be present or immediately available, and
advanced vascular surgical instruments should be on hand.
We believe that such cases of increased risk for vascular com-
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plications should be discussed preoperatively before every
type of oncologic surgery, and a vascular surgeon should be
present and help dissecting major vascular structures.

There are several limitations in this study. First, this is a ret-
rospective study associated by certain bias of data collection.
Second, this study underestimates the overall contribution of
vascular surgical expertise to the operative management of
primarily non-vascular patients. Third, any vascular surgical
participation in the management of iatrogenic injuries occur-
ring outside the operating room such as in the angiography
suite or cardiac catheter laboratory was not included. Final-
ly, no late outcomes were reported. The advantage regarding
later outcomes should be verified by studies with longer fol-
low-up.

To conclusion, vascular surgeons are essential supporting
staff to all surgical specialists, and a diverse vascular-oriented
skill set in open training coupled with broad anatomic knowl-
edge is necessary for all oncologic surgeons. The emergency
intraoperative VS consultation/participation to an oncologic
operation seems to be associated with more blood loss and
longer hospital stay compared to planned VS consultation/
participation, although early mortality seems similar.
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Beyond the point of no return - the contemporary role of major limb
amputation in the treatment of extremity arteriovenous malformations
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Abstract:

Introduction: Extremity arteriovenous malformations (AVM) are rare, congenital, fast-flow vascular anomalies char-
acterized by abnormal shunts between arteries and veins. Despite advances in endovascular and surgical techniques,
many lesions remain refractory to treatment, causing severe pain, bleeding, ulceration, and functional loss. In selected
advanced cases, limb amputation remains a legitimate, life-saving, and function-restoring option.

Methods: A narrative review of the literature (MEDLINE, 2000-2025) was conducted to analyze the epidemiology,
pathophysiology, management strategies, and particularly the indications and outcomes of amputation in patients with
extremity AVM. Only verified peer-reviewed studies were included.

Results: Endovascular embolization and combined surgical excision are the mainstays of treatment, but often fail to
achieve durable cure in diffuse, high-flow lesions. Recurrence rates may exceed 80% at five years, particularly in lower
limb AVM. Major limb amputation is required in up to 22% of patients with Schobinger stage IlI-IV disease, most com-
monly for uncontrollable pain, bleeding, infection, or tissue necrosis. When appropriately indicated, amputation pro-
vides rapid pain relief, resolution of hemorrhage and infection, and significant improvement in quality of life. Early pros-
thetic rehabilitation and psychological support are critical for favorable functional recovery. Preoperative embolization,
meticulous operative planning, and multidisciplinary postoperative care can minimize complications and recurrence at
the stump.

Conclusion: Although a last resort, major limb amputation retains an essential role in the management of advanced or
refractory extremity AVM, offering life-saving and function-restoring potential, when limb salvage is no longer achieva-
ble.

Key words: arteriovenous malformation, vascular malformation, amputation, quality of life, multidisciplinary approach

INTRODUCTION

Arteriovenous malformations (AVM) are congenital, complex
vascular anomalies belonging to the isolated, fast-flow sub-
group in the International Society for the Study of Vascular
Anomalies (ISSVA) classification.! These lesions are charac-
terized by direct, high-flow communications between arter-
ies and veins, bypassing the capillary bed, and are inherently
complex and heterogeneous.”* While AVM may arise in any
anatomical location, the brain, spine, and extremities are most
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commonly affected.®>* Extremity AVM, though less frequent
than intracranial lesions, pose significant clinical challenges,
due to their potential for progressive growth and expansion,
functional impairment, and life-threatening complications.*®

The aim of this narrative review was to critically evaluate
the contemporary role of major limb amputation in the man-
agement of extremity arteriovenous malformations (AVM). By
synthesizing current evidence from peer-reviewed literature,
this paper sought to clarify the clinical indications, timing,
technical considerations, and outcomes associated with am-
putation in extremity AVM. Particular emphasis was placed
on postoperative quality of life, functional recovery, and the
multidisciplinary strategies that optimize patient-centered
care.

METHODS

A comprehensive narrative review of the literature was con-
ducted to evaluate the management of extremity AVM, with
particular focus on the role and outcomes of limb amputation.
Aextensive, electronic search of the PubMed, Scopus, and Web
of Science databases was performed for studies published be-
tween January 2000 and September 2025. The search strategy
used various combinations of the following keywords: “arte-
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n u

riovenous malformation”, “extremity”, “limb”, “amputation”,
“embolization”, “surgical excision”, “outcome”, and “quality of
life”. The last search was run on 09 October 2025. Only articles
published in English and indexed in peer-reviewed journals
were included. Eligible publications comprised clinical stud-
ies, case series, case reports, and review articles reporting on
diagnosis, management, and outcomes of extremity AVM in
adults or mixed-age populations. Studies focusing exclusively
on cerebral, spinal, or visceral AVM were excluded. Reference
lists of relevant papers were also screened to identify addi-
tional sources. Data were extracted and synthesized narra-
tively, emphasizing the epidemiology, pathophysiology, treat-
ment strategies, and long-term results of amputation, with
cross-referencing to original reports whenever possible. The
review adheres to the principles of transparency and repro-
ducibility in narrative reviews, though no formal meta-analy-
sis or quantitative synthesis was performed, due to the heter-
ogeneity among the available studies.

RESULTS - DISCUSSION

Epidemiology

The prevalence of extremity AVM is difficult to ascertain pre-
cisely due to underdiagnosis, misclassification, overlapping
terminology in older series, and variable detection methods,
but estimates suggest that extremity AVM represent around
20-30% of all AVM, with an overall prevalence of approxi-
mately 1 in 100,000 individuals in the general population.®’
Extremity AVM are usually located in the lower limbs, most
commonly in the thigh and knee regions, followed by the low-
er leg and foot.? Upper limb AVM are more commonly found
in the hand than in the arm, accounting for around 10% of
extremity cases.®

Pathophysiology

The formation of AVM is attributed to defective vascular mor-
phogenesis during early embryogenesis, typically between
the 4th and 10th week of gestation.?’ In these lesions, failure
of capillary network development results in persistent arte-
riovenous shunts, which are hemodynamically abnormal and
prone to progressive enlargement.?’ Histologically and angio-
graphically, AVM consist of hypertrophic and tortuous feeding
arteries, a central nidus composed of dysplastic vessels, and
dilated, thin-walled draining veins.? The low-resistance, high-
flow shunting inherent to AVM leads to venous hypertension,
tissue congestion, distal ischemia due to steal phenomena,
and progressive local tissue destruction.”® Over time, these
processes may manifest as pain, edema, ulceration, hemor-
rhage, and, in extensive lesions, high-output cardiac failure.”®

Unlike many vascular tumors, AVM do not involute, and
are distinguished by their capacity for continuous growth,
which may be triggered by external or physiological factors,
such as trauma, infection, thrombosis, surgery, or hormo-
nal changes during puberty or pregnancy.”? Such stimuli can
transform a previously quiescent lesion into a rapidly enlarg-
ing, symptomatic, or even life-threatening vascular anomaly.”®
This characteristic growth behavior underpins the need for

vigilant monitoring and timely intervention, and explain why
therapeutic strategies typically aim at durable symptom con-
trol rather than guaranteed cure.?

Clinical presentation

Clinically, extremity AVM may remain quiescent for long peri-
ods or present with a clinical spectrum of extremity that rang-
es from subtle skin changes to severe deformity and function-
al impairment.? Early-stage lesions may manifest as localized
warmth, pink skin blush, or minimal swelling, often remaining
asymptomatic for years.’® As lesions progress, patients may
present with palpable thrills, pulsatile masses, audible bruits,
and dilated superficial veins.’*!! Advanced disease is char-
acterized by pain, ulceration, bleeding, tissue necrosis, and
progressive deformity, whereas high-output cardiac failure
can occur due to extensive arteriovenous shunting.'®!! The
Schobinger staging system?? remains the most widely adopted
clinical framework to communicate disease severity, guide fol-
low-up, and determine timing of intervention:

e Stage | (quiescence): pink-blush skin, warm area

e Stage Il (expansion): pulsatile mass, thrill, bruit, dilat-
ed veins

e Stage lll (destruction): pain, ulceration, bleeding, tis-
sue necrosis

e Stage IV (decompensation): high-output heart failure

Importantly, stage correlates with risk: many lesions re-
main in stages |-l for extended periods, but a substantial
proportion progress to destructive (stage Ill) disease requir-
ing active intervention.'? Functional impairment in extremity
AVM may include reduced range of motion, weakness, and
difficulty performing daily tasks, particularly when lesions in-
volve the hand or wrist.'>!! Steal phenomena can exacerbate
distal ischemia, and large AVM may cause limb hypertrophy
or deformity.’®*! Chronic pain, recurrent bleeding, and repeat-
ed infections are common and significantly impact quality of
life.1' Figure 1 depicts the ex vivo examination of a hand with
an extensive, destructive, Schobinger stage Ill arteriovenous
malformation, showing major digital deformity, extensive
skin and soft tissue breakdown, multiple ulcerative lesions,
dystrophic nails, and exposed phalanx bones. The patient had
presented at our emergency department with spontaneous,
major, life-threatening hemorrhage, and underwent an emer-
gent mid-forearm amputation.

Diagnosis

Accurate diagnosis of extremity AVM relies on a combination
of clinical assessment and imaging.>*?> Colored Duplex ultra-
sonography is often the first-line imaging modality, providing
information on flow velocity, direction, resistance, and shunt-
ing, as well as serving as a tool for surveillance.’*'* Magnet-
ic resonance imaging and magnetic resonance angiography
are essential for delineating the lesion extent, soft tissue and
bone involvement, and relationships to neurovascular struc-
tures.’”'* Computed tomography angiography is particularly
useful when skeletal involvement must be assessed.'* Despite
advances in noninvasive imaging, digital subtraction angiogra-
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Figure 1. Ex vivo examination of an amputated hand with an
extensive, destructive, Schobinger stage Ill arteriovenous mal-
formation, showing major digital deformity, extensive skin and
soft tissue breakdown, multiple ulcerative lesions, dystrophic
nails, and exposed phalanx bones.

phy remains the gold standard for detailed mapping of nidus
architecture and feeding/draining vessels, particularly when
endovascular intervention is being considered.'>*> Biopsy of
suspected AVM is contraindicated due to the risk of significant
hemorrhage.**

Differential diagnosis should consider low-flow vascular
malformations, hemangiomas, pseudoaneurysms, angiosar-
comas, or non-vascular soft tissue lesions such as abscesses
or tumors.? Correct classification using ISSVA criteria is critical
to avoid mislabeling and to guide appropriate management.?

Treatment strategies

Various treatment modalities exist for extremity AVMs.*® Con-
servative management, including compression therapy, anal-
gesia, and close observation, is reserved for small, quiescent,
or asymptomatic lesions (Schobinger stage 1).1*%® Interven-
tional therapy is indicated in rapidly progressive lesions, those
causing pain, bleeding, ulceration, functional impairment, or
systemic complications such as high-output cardiac failure!®'’.
Given the tendency of AVM to grow and recur, early and ag-
gressive treatment is generally recommended, once clinical
progression is established, even in younger patients, before
the point of no return is reached.®*®* However, the treatment
itself is a major challenge, due to the high rate of failure and
recurrence.®® Thus, the primary and rational goal of therapy
is symptom amelioration, preservation of function, and pre-
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vention of irreversible tissue damage, rather than guaranteed
angiographic cure.™ Multiple series emphasize that outcomes
are best when interventional radiology, vascular surgery, or-
thopedics, plastic surgery and physical rehabilitation special-
ists collaborate within a vascular anomalies multidisciplinary
team.”

Endovascular embolization

Endovascular embolization remains the cornerstone of AVM
therapy.'” The target is the nidus, which may be approached
transarterially, transvenously, or via direct percutaneous
puncture.>'’” Embolic agents include absolute ethanol, cy-
anoacrylate adhesives (NBCA), non-adhesive liquid embolic
such as Onyx, coils, newer polymer-based agents such as PHIL
and Squid, and detachable balloons.>'” The choice of agent
is lesion-dependent and considers factors including nidus
size, venous outflow anatomy, the need to preserve distal
perfusion, and the vascular team’s experience.’®'®'® Ethanol
achieves permanent endothelial destruction, but carries a risk
of systemic toxicity, and requires careful dosing with anesthet-
ic support.’® Non-adhesive copolymers allow controlled pene-
tration of the nidus, and are preferred in lesions with complex
flow patterns or difficult architecture.?®

Success varies, and reported series indicate that recur-
rence remains a challenge.*!*31¢ Even technically successful
embolization often achieves temporary symptom control,
particularly in diffuse lower extremity lesions.**' Recurrence
rates are high within the first year, and up to 98% of diffuse
AVM may re-expand within five years without subsequent
intervention.’* While upper extremity AVMs often respond
well, lower limb lesions frequently recur, sometimes requir-
ing amputation, despite a technically successful embolization.
This highlights the importance of careful angiographic evalua-
tion, nidus-directed technique, and staged procedures.”

Surgical excision

Surgical resection is the most definitive approach when com-
plete excision with negative margins is feasible.>** In practice,
many extremity AVM are diffuse, infiltrating critical structures,
or associated with bone involvement, which makes surgery
technically challenging, and functionally risky.”?* Even with
maximum resection, recurrence rates of 8-9% are reported,
particularly in diffuse lesions. Surgery alone carries high risks
of blood loss, neurovascular injury, and postoperative morbid-
ity.? Multidisciplinary approach and a staged hybrid strategy,
combining embolization followed by surgery within 72 hours
optimize outcomes by reducing intraoperative bleeding and
improving the likelihood of complete resection.'*'” Recon-
struction using local flaps, skin grafts, or free tissue transfer is
often necessary to restore both function and form.?

Sclerotherapy with sodium tetradecyl sulfate has also
been used for low-flow AVM.?? Pharmacologic agents, particu-
larly mTOR inhibitors, like sirolimus, have emerged as adjuncts
for unresectable or recurrent AVM, offering symptom reduc-
tion and lesion stabilization in selected cases, although their
efficacy remains under investigation.?
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The role of limb amputation

Major limb amputation remains a legitime, last-resort option
for advanced, multifocal, diffuse or functionally devastated
extremity AVM (Schobinger stage IlI-1V).% Indications include
intractable pain, progressive tissue necrosis, non-healing ul-
cers, recurrent infections, hemorrhage, ischemia, severe de-
formity, and, rarely, refractory high-output cardiac failure.®%2
Moreover, it is the ultimate treatment option for cases refrac-
tory to multiple embolization/surgical attempts, or the only
practical solution when the limb has become severely hyper-
trophic or deformed and can no longer be considered as func-
tional.®#?® Finally, amputation is urgent and can be life-saving,
when there is major hemorrhage or progressive high-output
cardiac failure, unresponsive to other treatments.®?* The level
of amputation depends greatly on the extent of the AVM, dis-
tal tissue viability and functional assessment.?®

It is estimated that up to 22% of AVM patients with ad-
vanced Stage Il or IV disease may end up needing major am-
putation, and some studies have shown that even patients
with technically successful embolization can undergo am-
putation within the following years, due to recurrence, par-
ticularly in lower extremity AVMs.??42> According to a large
retrospective review of 993 patients with extremity AVM, the
median interval from first intervention to amputation was ap-
proximately 10 years.?* Contemporary series emphasize that
amputation is reserved only for cases in which less-radical
strategies cannot safely or reasonably control symptoms and
complications.” From an ethical perspective, the decision to
amputate should be viewed not as therapeutic failure, but as
a legitimate endpoint of disease management when limb sal-
vage no longer serves the patient’s best interest.®*? Prolonged
attempts at salvage in the face of progressive pain, infection,
or bleeding can lead to cumulative morbidity, delayed reha-
bilitation, and psychological exhaustion.® Thus, a timely and
well-executed amputation in appropriate cases may restore
dignity, autonomy, and quality of life, and provide superior
long-term outcomes compared to repeated unsuccessful limb
salvage procedures.?

Amputation carries distinct perioperative and longer-term
risks in the AVM population.?® Intraoperative hemorrhage
is the principal technical hazard, because vascular malfor-
mations often have large, low-resistance channels and thin-
walled dilated veins, that will not respond to standard vascular
control measures.?**® Preoperative planning, pre-amputation
angiographic mapping, use of tourniquet, and selective em-
bolization of feeding or outflow vessels can reduce bleeding
risk, if time and resources allow; some teams perform pre-op-
erative staged embolization (or proximal ligation) within 24-
72 hours before surgery, specifically to lower intraoperative
blood loss.'”182227 |n emergent scenarios, such as uncontrol-
lable hemorrhage, tourniquet application, rapid proximal con-
trol, and decisive amputation are often required to save life.?®

Post-amputation problems include delayed wound healing
or stump breakdown (particularly where prior radiation or re-
peated interventions have compromised local tissues), persis-
tent or recurrent AVM at the margin if nidus elements remain,

and the usual long-term challenges of phantom limb pain and
prosthetic rehabilitation.®?%?® Thus, informed consent, preop-
erative psychological counselling and psychological support
are essential components of care.” Patients should be fully
apprised of the risks, benefits, and alternatives to amputation,
and a plan for early prosthetic fitting and rehabilitation should
be in place whenever feasible to accelerate functional recov-
ery and to improve quality of life.?”?*%° Therefore, a multidis-
ciplinary, evidence-based, and patient-centered approach is
ideal for sharing the burden of this difficult decision-making
process.'’

Postoperative amputation outcomes are described in small
series and case reports, but are generally favorable when am-
putation is appropriately indicated, and when postoperative
rehabilitation is well supported.??® Studies have shown that
most patients experience relief from pain, resolution of re-
current bleeding or infection, and improved quality of life.?*%
Early prosthetic rehabilitation results in good ambulation, and
is associated with better functional recovery and independ-
ence, and eventual return to daily activities.?® This is even
more favorable in patients receiving timely prosthetic reha-
bilitation, especially after distal limb amputations (transtibial
or transradial).?

Regarding quality of life, most studies report improved
quality of life and functionality post-amputation, particularly
when coupled with prosthetic rehabilitation and psychological
support.?3! In a multicenter series, patients undergoing am-
putation for advanced lower limb AVM reported mean pain
scores reduced by more than 70%, with 85% achieving satis-
factory prosthetic use and significant improvement in quality
of life at one year.?? Similarly, another study found that most
patients who underwent below-knee amputation achieved full
mobility and independence, while those with more proximal
amputations required adaptive aids but still expressed high
satisfaction.® Thus, multidisciplinary care with psychological
support is essential for optimal long-term outcomes."’ Finally,
systematic long-term follow-up is necessary both to monitor
for stump complications, and to provide ongoing prosthetic
adjustments, psychological evaluation, and pain management,
including treatment for phantom limb pain when it arises.”’

Future directions

Despite advances in imaging, embolic agents, hybrid proce-
dures, and adjunctive pharmacologic therapy, substantial gaps
in the literature remain. Most published data derive from ret-
rospective single-center studies with heterogeneous outcome
definitions. Prospective multi-institutional registries with
standardized imaging, staging, outcome metrics, and long-
term follow-up are needed to identify predictors of durable
response, refine treatment algorithms, and better define the
role of amputation in contemporary practice. Additionally,
molecular and genetic research may clarify the pathophysiol-
ogy of AVM and guide the development of targeted therapies.

CONCLUSION

Extremity AVM are rare, biologically active lesions with a po-
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tential for progressive local destruction and systemic compli-
cations. Management requires a nuanced, multidisciplinary
approach. Endovascular nidus-directed embolization, staged
or combined with surgical excision, remains central to treat-
ment, with the primary goal of symptom control and functional
preservation. Amputation retains a critical, last-resort role for
lesions that are refractory to other modalities or life-threaten-
ing, providing substantial relief, functional recovery, and im-
proved quality of life, when performed in a controlled, multi-
disciplinary setting. In all cases, candid patient counselling,
comprehensive preoperative planning (including angiographic
mapping and consideration of preoperative embolization),
perioperative hemodynamic support, and structured postop-
erative rehabilitation and psychosocial support are essential
to optimize outcomes. Future prospective multi-institutional
research with standardized definitions and long follow-up is
needed to refine indications and to improve prognostication
so that the right therapy can be chosen at the right time.
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Abstract:

The challenges that a modern vascular surgeon must face in Greece have been well established. These challenges refer
not only to proper education and training as well as the future professional perspectives. This review written by medical
students aims to concentrate data and information on this issue and produce useful conclusions for the future vascular

surgeons.

INTRODUCTION

The purpose of this review is to succinctly present the oppor-
tunities and the existing training programs in the specialty of
vascular surgery, as they are formed in the cradle of the vast
technological revolution and scientific progress we witness in
the present, all from the perspective of graduate students.

We are a group of sixth year medical students of the Na-
tional and Kapodistrian University of Athens, very intrigued
and interested in the specialty of vascular surgery, who had
the luck and privilege to complete a three moth elective
course in the Vascular Unit of the 1%t Department of Prepara-
tory Surgery in “Hippoctateion” General Hospital of Athens.
As a result, the interest was born to study the existing litera-
ture concerning the curriculum of the specialty in the pioneer
countries in medicine, the distribution of vascular surgeons
worldwide, their work satisfaction and, last but not least, the
remodeling of the specialty the preceding years through the
effect of technology and the future it creates for a vascular
surgeon. We strongly believe that our research will be of par-
amount importance for our personal choice of specialty and
enlighten the most suitable professional and educational road
for each one.

BASIC TRAINING IN USA AND EUROPE
To present the training programs provided to a new doctor
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who opts for the residency of vascular surgery, we have to
take a quick look back to its past in the United States. Before
the period of 1960-1982 there was not specific training in vas-
cular surgery, and the relevant procedures were a part of the
cardiothoracic and general surgery. A better touch with vas-
cular surgery practices was possible through apprenticeships
with early pioneers. It was not until 1977 that the American
Board of Surgery agreed to the creation of the subspecialty of
vascular surgery and 1982 that the first officially qualified sur-
geons existed. Additionally, in the following period of 1983-
2006, the credentials of a vascular surgeon required a one
year dedicated vascular training, after the completion of an
accredited general surgery residency (5-1 pathway), or after
an accredited cardiothoracic surgery program, if the number
of the vascular cases was deemed adequate. In the following
years, an additional year was added, primarily for research
(5-2). By that time, general and vascular surgery did not have
distinct boundaries, despite the fellowship. General surgery
thought to prepare surgeons for simple vascular operations,
whereas the fellowship prepared for more complex ones. Still
the public was unable to distinguish between a general and a
vascular surgeon. The great imbalance between general and
vascular training in addition to the rapidly increasing endovas-
cular landscape, led to the creation of the specialty of vascu-
lar surgery in 2006 and novel educational programs. Currently,
there are two programs, leading to dual board certification,
the Independent Vascular Surgery Fellowship, consisting of 5
years of general surgery and 2 years of vascular surgery fel-
lowship (5-2, duration 7 years) and the Early Specialization
Program, consisting of the combination 4-2 (duration 6 years)
accordingly. Lastly, the Integrated Vascular Residency program
exists with a combination of 0-5 (5 years duration) according-
ly, leading to vascular certification alone®.

On the other side of the Atlantic, specialty training in vas-
cular surgery in Europe varies significantly by country, but it
has been increasingly standardized under the influence of the
European Union of Medical Specialists (UEMS) and the Euro-
pean Board of Vascular Surgery (EBVS). The duration is usu-
ally 5-6 years, depending on the country, with a core surgical
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training of 1-2 years and a dedicated vascular surgery training
of 3-4 years?.

Specifically, in Greece, the total duration of residency
training in vascular surgery is seven years, comprising two
years in general surgery, followed by five years dedicated to
the core specialty. There are seven university-affiliated hos-
pitals, along with several other accredited institutions nation-
wide, which experience significant demand for residency po-
sitions, due to the high standards of healthcare and education
provided. Trainees receive comprehensive exposure to both
open surgical and endovascular techniques. Moreover, vas-
cular surgeons have access to a wide range of postgraduate
programs, many of which are specifically tailored to vascular
surgery. These programs encompass advanced training in end-
ovascular techniques, management and treatment of vascular
surgery emergencies, vascular access for patients with end-
stage renal disease, the application of vascular ultrasound in
diagnosis and clinical management, as well as thrombosis and
antithrombotic therapy. The academic career can be further
enriched through additional postgraduate education (fellow-
ship) or the pursuit of a doctoral degree (PhD), either within
Greece or internationally?.

WORK SATISFACTION

When analyzing the general opportunities of a medical spe-
cialty, one must take into close consideration the degree of
work satisfaction the physicians have. Unfortunately, accord-
ing to a U.S. study including 14 surgical specialties, vascular
surgeons have the second highest burnout incidence and the
lowest degree of career satisfaction. At this day and age, burn-
out is a work-related syndrome increasingly affecting physi-
cians and their ability to treat their patients. It has been linked
to medical errors, decreased patient satisfaction and lower ca-
reer longevity. The Society of Vascular Surgery Wellness Task
Force conducted a survey which included 872 active vascular
surgeons, using the Maslach Burnout Inventory. The percent-
ages were concerning, with 41% of them experiencing at least
one symptom of burnout, 37% having symptoms of depres-
sion last month, and 8% having considered suicide in the last
12 months. The survey showed that the factors significant-
ly associated with burnout symptoms were the clinic work
hours, the on-call frequency, the electronic medical record
and documentation requirements, the work-home conflict
and, last, the work-related physical pain®. Another survey was
conducted relating to the physical pain of vascular surgeons6.
Of the 263 total participants, 87% operate 3 or more times
per week and 4 or more hours per day, while 48.4 % wear led
garments daily. Pain was present in 74.7% of surgeons before
beginning an operation, in 92.3% during an operation, and in
96.8% at completion. Professional satisfaction among vascu-
lar surgeons was linked to lower pain levels. Surgeons who
reported being satisfied with their profession experienced
less pain both before and two days after performing surgery.
Despite the previous discouraging data, undoubtedly, the
progress of the technology and the revolution of the artificial
intelligence with the databases created, will aid the vascular
surgeon both in the operating room, with less energy consum-

ing instruments, and out, with less time-consuming documen-
tation procedures.*?

Comparative Distribution of Vascular Surgeons Across Five
High-Income Countries

Substantial international heterogeneity exists in the density
and distribution of vascular surgeons, reflecting differences
in national workforce planning, postgraduate training out-
put, and models of vascular care delivery. An analysis of five
high-income countries—Greece, France, Germany, the United
Kingdom, and the United States—highlights marked dispari-
ties in vascular surgeon availability.

Greece exhibits the highest workforce density, with
3.11 vascular surgeons per 100,000 inhabitants and a pa-
tient-to-surgeon ratio of approximately 1:32,150'. Germany
also demonstrates relatively high capacity, with 1.89 surgeons
per 100,000 and one surgeon serving every ~52,869 individ-
uals?. The United States reports 1.14 vascular surgeons per
100,000 population, corresponding to a ratio of approximate-
ly 1:88,0723.

In contrast, France and the United Kingdom maintain con-
siderably lower vascular surgeon densities. France records
0.73 surgeons per 100,000, with each vascular surgeon re-
sponsible for approximately 137,712 individuals®. The United
Kingdom follows closely with 0.77 surgeons per 100,000 and a
surgeon-to-population ratio of 1:129,345°.

A consideration arising from the observed disparities in
vascular surgeon density pertains to the career decision-mak-
ing process of medical students and junior doctors. In coun-
tries where the ratio of vascular surgeons per 100,000 pop-
ulation is disproportionately high—such as Greece—there
may be growing concern among medical trainees regarding
future job market saturation, limited operative exposure dur-
ing training, and constrained long-term career prospects. The
perception of an oversupplied specialty can deter new grad-
uates from selecting vascular surgery as a preferred career
path, regardless of interest or aptitude. This phenomenon
may be further compounded by institutional bottlenecks in
academic advancement or public sector employment. Conse-
quently, highly qualified candidates may increasingly explore
residency or fellowship opportunities abroad, particularly in
health systems where the demand for vascular specialists is
greater and long-term workforce planning is more balanced.
Such migration trends could lead to a paradoxical scenario in
which an initially oversupplied domestic workforce drives tal-
ent out of the country, further complicating national reten-
tion and training policies. Addressing these issues requires not
only regulation of training entry points but also alignment of
national workforce planning with actual procedural and popu-
lation needs. (Table 1)

Over the past 15 years, vascular surgery worldwide has un-
dergone a marked shift toward minimally invasive and endo-
vascular management. For example, U.S. Medicare data show
open abdominal aortic aneurysm (AAA) repairs fell by 76%
from 2003 to 2013 while EVAR volumes nearly doubled™. In-
novations such as fenestrated and branched stent grafts have
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Table 1. International Comparison of Vascular Surgeon Density and Coverage Ratios

Country Number of Vascular Surgeons
Greece® 326

France® 472

Germany’ 1,574

United Kingdom?° 518

United States?® 3,908

expanded endovascular treatment to complex aortic and pe-
ripheral lesions, aided by advanced imaging (CT/MR angiogra-
phy, duplex ultrasound) and hybrid operating rooms. Vascular
residency slots in the U.S. grew from 161 to 202 between 2012
and 2022 and integrated Syear programs more than doubled
from 41 to 84 positions, reflecting emphasis on endovascular
skills'2. In Greece, vascular surgery was established as an inde-
pendent specialty in 1989 and early incorporated endovascular
training. Greek vascular surgeons now perform all aortic and
peripheral endovascular procedure. The 2009 financial crisis
strained Greece’s health budget, however, highlighting the high
cost of new endovascular devices and challenging widespread
adoption of all new technologies. Overall, the past decade has
seen endovascular and percutaneous approaches become the
main choice for many vascular conditions, with open surgery
reserved increasingly for anatomically complex cases'*3,

Looking ahead, the field of vascular surgery is expected to
undergo further sub-specialization, driven by advances in tech-
nology, increasing disease complexity, and evolving healthcare
demands. Academic and tertiary care centers are increasingly
organizing clinical services around specific pathologies or pa-
tient populations. For example, dedicated limb-salvage clinics
for patients with chronic limb threatening ischemia, particular-
ly in the context of diabetes—are now recommended by the
Global Vascular Guidelines as part of a multidisciplinary strate-
gy to improve limb preservation rates and reduce amputation
risk®. In parallel, specialized fellowships and focused training
pathways in areas such as complex aortic pathology, advanced
peripheral arterial disease, venous disorders, and hemodialysis
vascular access are emerging in both North America and parts
of Europe®. These trends reflect a broader shift toward preci-
sion care and technical specialization.

At the same time, the role of classic open vascular sur-
gery is becoming more concentrated within the high-volume
centers. In the United States, for instance, vascular surgery
trainees now perform a limited number of open abdomi-
nal aortic aneurysm (AAA) repairs, typically between five
to ten over the course of their residency, a consequence of
the increasing preference for endovascular aneurysm repair
(EVAR)'. Nevertheless, data from major academic hospitals
indicate that approximately one-third of AAA cases are still
managed with open repair, particularly in anatomically com-
plex or younger patients, with some centers reporting 20 to
30 open AAA procedures annually?. As leading experts have
emphasized, “open aortic surgery is still necessary in a large
number of patients,” underscoring the importance of preserv-
ing open surgical skills®®. In Greece, as in many other coun-

Surgeons per 100,000 Population

Population per Surgeon

3.11 ~32,150
0.73 ~137,712
1.89 ~52,869
0.77 ~129,345
1.14 ~88,072

tries, it is anticipated that complex open procedures will be
increasingly centralized in specialized referral centers, while
interventional and endovascular subspecialties continue to
expand and evolve. The future direction of vascular surgery
is anticipated to follow two main trends: a steady advance-
ment of minimally invasive, image-assisted procedures, and
the continued necessity for open surgical capabilities in par-
ticular cases and specialized institutions, according to both
worldwide guidelines and the specific requirements of region-
al healthcare systems.

USE OF MODERN TECHNOLOGIES IN VASCULAR SURGERY

At the beginning of the 20th century, Carrel and Leriche de-
veloped the technique of vascular anastomoses, marking the
birth of vascular surgery as a distinct specialty. The next revolu-
tionary shift came in the 1990s with the development of endo-
vascular interventions, while today, numerous new techniques
complement and improve the field of vascular surgery. Below,
we will analyze the main technologies used today, such as hy-
brid operating rooms, intraoperative angiography (C-Arm), 3D
fusion imaging, artificial intelligence, robotic surgery and the
application of regenerative medicine in vascular surgery.®

A) Hybrid Operating Rooms

In the past two decades, there has been a significant shift
from open surgeries to percutaneous interventions. However,
neither the classic operating room nor the conventional an-
giography suite alone, allow the simultaneous performance
of both approaches. Hybrid operating rooms offer a solution
by combining a standard operating theater with a fixed, high-
end angiography system, enabling the integration of open and
endovascular techniques simultaneously, in a sterile environ-
ment. This approach reduces overall operative time, the need
for follow-up procedures, and the risk of infection. Neverthe-
less, establishing a hybrid OR requires significant financial in-
vestment and appropriately trained surgeons to make optimal
use of this technology.

B) Intraoperative Angiography

Modern angiography systems (C-Arm) provide high-definition
fluoroscopic guidance in real-time during endovascular pro-
cedures, allowing precise placement of stents, catheters, and
other devices while reducing complications. In a study of 155
procedures, it was found that in 27 or 17% of cases, compli-
cations were detected that could be corrected. These includ-
ed technical errors in suturing, platelet and atherosclerotic
debris accumulation, or unrecognized lesions in the runoff.



46 Hellenic Journal of Vascular and Endovascular Surgery | Volume 7 - Issue 2 - 2025

These findings justify the routine use of intraoperative angi-
ography as a complementary technique in vascular surgery.?

C) 3D Fusion Imaging

3D Fusion Imaging technology allows the integration of pre-
operative imaging data (CT, MRI) with intraoperative imaging,
providing the surgeon with a “navigation map” of the patient’s
vascular anatomy. Initially, a 3D model is created from the pre-
operative imaging (usually a CT scan). This model is then used
to plan the surgery, placing specific markers and storing C-arm
angles for intraoperative guidance. During the procedure, a
cone-beam CT is performed, and the 3D model is aligned with
the patient’s anatomy on the table, for real-time navigation.
Fusion imaging has been shown in various studies to reduce
radiation dose, contrast usage, and procedure time. In the fu-
ture, fusion models may account for vessel deformation caused
by rigid wires and devices, and user-dependent steps may be-
come more automated. In its current form, fusion imaging has
already proven to be an essential component in the planning
and success of complex endovascular interventions.?

D) Artificial Intelligence in Vascular Surgery

Artificial intelligence (Al) is emerging as a transformative tool
in vascular surgery, offering the ability to analyze vast amounts
of clinical and imaging data, recognize patterns, and predict
outcomes in ways that surpass human capabilities. Al tech-
nologies, including machine learning, natural language pro-
cessing, artificial neural networks, and computer vision, are
being explored to assist vascular surgeons in diagnostic im-
aging interpretation, risk stratification, perioperative manage-
ment, and outcome prediction. By integrating Al into clinical
workflows, vascular surgeons can reduce cognitive load, op-
timize decision-making, and improve patient-centered care.
Although most Al applications in vascular surgery remain in
the translational research phase, early studies demonstrate
their potential in enhancing non-invasive diagnostics, such
as the detection of peripheral arterial disease, and providing
real-time support during complex procedures. As the field
evolves, addressing technical challenges, data quality, algo-
rithm bias, and ethical considerations will be critical to ensure
safe and effective Al integration into vascular practice.?

E) Robotic Vascular Surgery

With the assistance of Al, robotic surgery represents a high-
ly promising new trend, both for vascular and other surgical
procedures. It allows the precise manipulation of micro-in-
struments with sub-millimeter accuracy, reduces radiation
exposure for the surgeon, provides enhanced visualization
through 3D, high-resolution images of the operative field,
and improves ergonomics by enabling the surgeon to operate
from a comfortable seated position. However, the absence of
haptic feedback may lead to longer operative times, extended
learning curves, and an increased risk of surgical errors. Fur-
thermore, robotic systems can apply forces that exceed tissue
tolerances, potentially creating a hazardous environment in
the absence of haptic feedback.?

F) Regenerative Medicine and Tissue Engineering

Perhaps the most innovative and promising trend in vascular
surgery is the application of regenerative medicine and tissue
engineering. Research in this field focuses on finding ways to
repair or replace damaged blood vessels using the patient’s
own cells. This may involve creating new vessels in the labo-
ratory or stimulating the body’s natural regenerative mecha-
nisms to rebuild tissue on its own. Although these techniques
are still in their early stages of development, they offer ex-
citing prospects for creating more durable and biocompatible
grafts, overcoming the limitations of synthetic materials.?®

In conclusion, recent years have seen the emergence of
numerous promising new technologies that offer fresh per-
spectives for surgery as we know it. These technologies en-
able greater precision, shorter operative times, fewer com-
plications, and a more personalized approach to medicine —
whether through tissue regeneration using the patient’s own
body or via precise micro-adjustments tailored to each pa-
tient’s specific needs. However, all these advancements come
at a cost, both in terms of financial investment and the need
for specialized surgical training. In our country, unfortunate-
ly, the public sector often lacks the resources to acquire such
advanced technologies, while in the private sector; access is
frequently limited to patients of higher socioeconomic status,
creating disparities in healthcare provision.

PERSPECTIVES OF A VASCULAR SURGEON IN GREECE

Vascular surgery, a highly specialized and demanding field,
requires extensive training, technical expertise, and the abil-
ity to manage complex and often life-threatening conditions.
Despite these requirements, remuneration for vascular sur-
geons in Greece remains disproportionately low. Specialists
employed in public hospitals typically earn between €1,200
and €1,800 per month, a figure that fails to correspond with
the responsibilities and intensity of their clinical duties. In
stark contrast, vascular surgeons in other European countries,
such as the United Kingdom and Germany, earn significantly
higher salaries—averaging approximately £99,700 (€116,000)
annually in the UK and exceeding €7,300 per month in Ger-
many. This pronounced wage disparity contributes to growing
professional dissatisfaction and is a key factor behind the emi-
gration of Greek medical professionals seeking more favorable
working conditions abroad. Ultimately, such economic imbal-
ances not only devalue the profession but also pose a serious
threat to the long-term viability and quality of vascular surgi-
cal care within the Greek healthcare system.

Despite the current economic limitations, vascular sur-
geons in Greece possess considerable potential to contribute
meaningfully to both national and international healthcare.
Greek medical education is rigorous, and surgical training—
particularly in vascular surgery—is known for its high stand-
ards and emphasis on clinical excellence. Furthermore, Greek
surgeons often demonstrate exceptional adaptability and
skill, having gained experience in resource-constrained set-
tings that demand efficiency and innovation. With access to
improved infrastructure, research opportunities, and finan-
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cial support, vascular surgeons in Greece could play a pivotal
role in advancing minimally invasive techniques, developing
public health strategies for vascular disease prevention, and
participating more actively in European collaborative studies.
Investing in this specialty not only strengthens the healthcare
system but also helps retain talented professionals who are
currently compelled to seek better prospects abroad.?*?’

CONCLUSION

Vascular surgery stands at the crossroads of tradition and in-
novation—rooted in the legacy of open procedures and rapid-
ly evolving through minimally invasive technologies and sub-
specialized approaches. As demonstrated in this review, the
field continues to transform in response to emerging challeng-
es, technological progress, and shifting patient demographics.
While disparities in training structures, workforce distribution,
and compensation—particularly in Greece—pose substantial
obstacles, they also illuminate opportunities for reform and
advancement. Greek vascular surgeons, despite facing sys-
temic limitations, are uniquely positioned to contribute to the
global vascular community through their adaptability, strong
clinical foundation, and potential for innovation. Addressing
structural weaknesses in training, remuneration, and infra-
structure will not only enhance local care delivery but also
help to retain medical talent and align Greek vascular surgery
with international standards. Ultimately, the future of the spe-
cialty relies on a balance between embracing technological
breakthroughs and safeguarding the fundamental principles
of surgical excellence, access, and equity.
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Single-stage open surgical management of symptomatic abdominal aortic
aneurysm and colorectal carcinoma using nais technique: a case report
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Abstract:

Background: The occurrence of simultaneous malignant diseases and abdominal aortic aneurysm (AAA) is reported to
be around 5.4-6.7%. Surgical intervention for abdominal cancer can elevate the risk of AAA rupture and infection. Here,
we present a case report detailing a single-stage open surgical approach for the treatment of a symptomatic abdominal
aortic aneurysm and an advanced colorectal carcinoma using the NAIS technique.

Case Report: A 71-year-old patient with a 7cm symptomatic infrarenal AAA and ileus due to advanced colorectal car-
cinoma was evaluated. The patient also had comorbid conditions, including arterial hypertension, chronic obstructive
pulmonary disease, and diabetes mellitus. A CT scan was performed, and due to the unsuitable anatomy of the AAA for
endovascular repair, a synchronous open approach was chosen. The first stage involved a total colectomy with ileo-rectal
anastomosis. Subsequently, AAA resection and aorto-biiliac bypass with the NAIS technique were performed, utilizing
bilateral femoral veins as graft material. The patient was discharged on the 8th postoperative day. Follow-up CT scans at
the first, second, and fourth year showed no residual tumor formation and a patent graft.

Conclusion: Simultaneous open repair of AAA and concurrent malignant diseases demands meticulous attention to
detail, considering the higher cumulative morbidity and mortality associated with single-stage operations. Managing
patients with this dual pathology poses a significant surgical challenge, particularly in the absence of a clear consensus

in the existing literature.

INTRODUCTION

Concurrent presentation of an abdominal aortic aneurysm (AAA)
and colorectal carcinoma is rare, with an observed prevalence
between 0.5% and 4% among individuals with AAA.* The simul-
taneous management of both pathologies poses substantial
surgical challenges—particularly with respect to determining
the optimal sequence of interventions and appropriate vascular
reconstruction strategies. We present the case of a septuage-
narian male who arrived with an acute abdomen secondary to
a symptomatic infrarenal AAA and concurrent ileus attributable
to advanced colorectal cancer. Given the aneurysm’s unfavorable
vascular anatomy, endovascular repair was contraindicated, ne-
cessitating an open, synchronous surgical approach. In such con-
taminated operative fields, achieving vascular control requires
careful consideration of diverse revascularization options: aortic
ligation with extra-anatomic bypass, in situ cryopreserved allo-
grafts, antibiotic-impregnated prostheses, or the neoaortoiliac
system (NAIS) reconstruction utilizing autologous femoral veins
(FVs)—first described by Clagett et al. in 19932. Herein, we report
a single-stage open operation employing NAIS for simultaneous
AAA repair and resection of advanced colorectal malignancy.
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CASE DISCUSSION

A 71-year-old man presented to the emergency department
following one week of lower back and abdominal pain, which
had dramatically worsened over the previous three days.
He reported intermittent lower back discomfort during the
preceding year but had not undergone any diagnostic eval-
uation. His medical history included arterial hypertension,
chronic obstructive pulmonary disease, and type Il diabetes
mellitus. On examination, he exhibited signs of peritonitis;
laboratory studies showed leukocytosis (20,000/mm?3). Con-
trast-enhanced computed tomography identified a 7 cm in-
frarenal AAA and evidence of ileus secondary to advanced
colorectal carcinoma. Endovascular exclusion was deemed
unfeasible due to anatomical constraints, prompting selection
of a synchronous open operative strategy.

Under general anesthesia, bilateral femoral veins were
harvested to construct a bifurcated venous conduit. Through
a midline laparotomy, proximal aortic control was achieved,
followed by aneurysmotomy and proximal anastomosis of the
NAIS graft to the infrarenal aortic segment. Distal anastomo-
ses were performed on both common iliac arteries. Following
extensive peritoneal lavage, an omental flap was mobilized to
envelop the graft. Subsequent oncological resection entailed
a total colectomy with anterior rectal excision. The patient
was transferred to the intensive care unit postoperatively and
discharged on 8™ postoperative day. Adjuvant chemotherapy
consisted of five cycles of capecitabine. Serial surveillance via
CT imaging at 1%, 2", 3 and 4" years post-procedure demon-
strated no evidence of residual malignancy and confirmed
graft patency.
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Surgical Technique

Under general anesthesia, the patient was placed in a supine
position. Initial dissection focused on the bilateral femoral tri-
angle for femoral vein (FV) harvesting. Great care was taken
to preserve the deep femoral vein and its major tributaries.
Approximately 25 cm of FV was harvested from each side to
construct a bifurcated autologous conduit.

Following femoral vein harvesting, a midline laparotomy
was performed. Extensive adhesiolysis was required due to tu-
mor-related ileus. The infrarenal abdominal aorta and bilateral
common iliac arteries were mobilized and controlled proximal-
ly and distally. After systemic heparinization, aortic clamping
was achieved, and aneurysmotomy was performed. A proximal
anastomosis between the aortic neck and the NAIS conduit was
constructed using 4-0 polypropylene in a continuous fashion.

The autologous FV graft was configured in a pantaloon
shape to create a bifurcated conduit, with distal anastomoses
performed to each common iliac artery. Following comple-
tion of the vascular reconstruction, the aneurysmal sac was
reapproximated over the graft, and the conduit was wrapped
with an omental flap to enhance graft protection and reduce
infectious risk.

Colorectal resection proceeded with oncologic principles.
A total colectomy and anterior rectal resection were per-
formed en bloc. Given the extent of the disease and the con-
tamination risk, a terminal ileostomy was created. Extensive
peritoneal lavage concluded the abdominal procedure, and
the abdominal wall was closed in layers.

DISCUSSION

The coexistence of an AAA and colorectal carcinoma poses
a multifaceted surgical dilemma. While staged interventions
may reduce operative complexity, they also carry risks of an-
eurysm rupture in the interim or progression of malignancy.
Conversely, synchronous repair confers the advantage of sin-
gle-anesthetic exposure but raises concerns over increased
morbidity, particularly in contaminated fields.

Historically, staged approaches have dominated manage-
ment paradigms. However, contemporary evidence supports
select use of one-stage procedures in appropriate patients. In
our case, anatomical constraints precluded endovascular an-
eurysm repair (EVAR), and oncologic urgency rendered staged
intervention inadvisable.

In situ reconstruction with autologous femoral vein—pi-
oneered by Clagett et al.—offers durable outcomes even in
contaminated fields, with reduced infection risk compared to
prosthetic materials 3. The NAIS technique is particularly valu-
able in infected or potentially septic scenarios where pros-
thetic use would be contraindicated.*® While technically de-
manding and time-intensive, NAIS reconstruction eliminates
the need for synthetic grafts, has demonstrated long-term
patency, and exhibits lower reinfection rates>®2,

Our patient’s outcome supports the viability of a synchro-
nous open approach in selected high-risk individuals®. Despite
the inherent complexity, careful planning, multidisciplinary
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coordination, and meticulous surgical technique facilitated a
favorable recovery’®®. Long-term follow-up has confirmed
both oncologic remission and vascular graft durability.

CONCLUSION

This case highlights the feasibility and effectiveness of a syn-
chronous, single-stage surgical approach to managing concur-
rent abdominal aortic aneurysm and colorectal carcinoma us-
ing neoaortoiliac system (NAIS) reconstruction. In anatomical-
ly or oncologically complex cases where endovascular repair
is not an option and delayed treatment poses significant risk,
autologous in situ reconstruction offers a viable alternative.
The use of femoral vein grafts minimizes the risk of graft infec-
tion in contaminated surgical fields and achieves satisfactory
vascular and oncologic outcomes. This case supports the se-
lective application of NAIS in multidisciplinary surgical man-
agement strategies for complex coexisting pathologies.
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Abstract:

The EndoVascular Aneurysm Sealing (EVAS) System had been introduced as an alternative solution for the treatment of
abdominal aortic aneurysms (AAAs). Unlike endovascular aneurysm repair (EVAR), EVAS with the Nellix device (Endologix,
Irvine, Calif, USA) was based on sealing the aneurysm’s lumen, by means of two polymer-filled endobags, with the AAA
being excluded by two stent grafts. In spite of promising early-term results, late surveillance of the patients treated with
EVAS, bore testament to a large number of type la endoleaks and sac enlargement, mainly due to device migration, a fact
that obliged the company to withdraw Nellix on May 10, 2022. We present a case of a seventy-six-year-old male, who
developed an asymptomatic type la endoleak and sac enlargement because of migration of a Nellix endograft placed for
a AAA eight years ago at another institution. The patient was considered fit for surgery and had conversion to open repair
with transrenal aortic cross-clamping, explantation of the device, common femoral artery endarterectomy, bilaterally, and
placement of an aortobifemoral graft on the grounds of significant iliac occlusive disease, which caused moderate intermit-
tent claudication symptoms and precluded intra-abdominal reconstruction. Postoperative course was uneventful and our
patient was discharged on the sixth postoperative day. On one-month and one-year follow-up there were no complications,
the graft was patent and our patient enjoyed resolution of his claudication symptoms. Due to the high percentage of Nellix
device failure, the severity of its complications (e.g. increased risk of rupture) and the large number of patients who under-
went the procedure until EVAS withdrawal, holistically informing and surveilling these patients is crucial to achieve in-time

diagnosis and proper treatment.

Key Words: Case Report, Narrative Review, EVAS, Nellix, Type la Endoleak, Aortobifemoral bypass, Open Conversion.

CASE

A 76 year-old male with a history of 5.6 cm AAA, had an EVAS
procedure (Nellix system, Endologix, Irvine, Calif, USA) eight
years ago at another institution. He was referred to our out-
patient clinic due to aneurysm’s sac enlargement, as shown
on Computed Tomography Angiography (CTA) scanning during
follow-up. He had also moderately severe intermittent clau-
dication (IC) symptoms, affecting both legs, with the right leg
being mostly affected. Past medical history included arterial
hypertension, dyslipidemia, diabetes mellitus type II, insom-
nia and smoking (stopped seven years ago). Medications
included ramipril 2.5 mg, hydrochlorothiazide 12.5 mg and
monoxidine 0.2 mg once daily, metformin 850 mg twice daily,
cilostazol 200 mg twice daily and zolpidem 10mg, clopidogrel
75mg and omeprazole 20mg once daily.
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On physical examination, palpation of epigastrium, re-
vealed a non-tender, pulsatile mass, which represented the
aneurysm. The only palpable artery of the lower extremities
was the left femoral artery and his ABI was abnormal, espe-
cially on the right lower extremity, where the symptoms of
IC were more intense (Figure 1). Auscultation also revealed

- .
L |
ABI=0.7 ABI=0.75

Figure 1: On patient physical examination, there was a pulsa-
tile abdominal mass (aneurysm) and the only palpable artery
of the lower extremities was the left femoral artery.
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a systolic bruit over the left carotid artery. The rest of cardi-
ovascular (ejection fraction, cardiac contractility and stress
response), pulmonary (auscultation, spirometry), renal (uri-
nalysis, creatinine) and remaining laboratory examination and
testing was normal.
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Imaging

The pre-operative CTA depicted the Nellix (Endologix, Irvine,
Calif) device, which appeared displaced and migrated result-
ing in a type la endoleak (Figure 2a, 2b), more accurately cor-
responding to Is2 endoleak, according to van den Ham classi-

Figure 2: This figure shows results of computed tomography
angiography (CTA) scanning (a) Three-dimensional and (b) CT
reconstruction, depicting the type la endoleak. (c) Axial plane
section of the CTA Scan, showing the aneurysm sac expansion
to 6.8 cm. (d & e) CTA reconstruction of the lower extremity
runoff revealed severe atherosclerotic lesions of the iliac and
femoral axes.
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fication, causing a juxtarenal bulging aneurysm neck dilatation
and expansion of the aneurysmatic sac to the maximum diam-
eter of 6.8 cm (Figure 2c).

The CTA also revealed extensive atherosclerotic lesions
with severe stenosis (>90%) of the common and external iliac
arteries bilaterally and occlusion of the left internal iliac, right
common femoral and superficial femoral arteries bilaterally
(Figure 2d, 2e).

As part of the preoperative evaluation and in correlation
with the finding of the physical examination, a carotid duplex
doppler ultrasound was performed, which revealed approxi-
mately 50% stenosis of the common carotid arteries, extend-
ing into the internal carotid arteries bilaterally.

Surgical Treatment

The patient was considered fit for open surgery and explanta-
tion of the device, which is the treatment of choice according
to the most recent guidelines (Figure 3). The presence of se-
vere common femoral atherosclerotic lesions required femo-
ral endarterectomy bilaterally to ensure adequate runoff to
the deep femoral arteries bilaterally, while to overcome the
bilateral iliac artery occlusive disease, we had to perform aor-
tobifemoral by-pass grafting. Moreover, we had to consider
reperfusing the right internal iliac artery (RIIA) to preserve ad-
equate supply to the pelvis.

During the procedure, because of the juxtarenal pathology
described above, the aorta had to be crossed-clamped trans-
renally. The aortotomy revealed the Nellix device, blatantly
dysfunctional, with shrinkage of its endobags, likely as a result
of polymer dissolution (Figure 4). The extraction of the device
proved easy, while difficulties potentially can be present, es-
pecially at its distal portion, where the bare-stent graft limbs
can form adhesions with the vessel’s wall causing intimal flaps
when manipulations are inept.

After meticulous dissection and endarterectomy of the
common femoral arteries bilaterally, a bifurcated 24x12 mm
PTFE aortobifemoral graft (Gore Medical, Flagstaff, AZ, USA)
was used and anastomosed end-to-end to the aorta proximal-
ly (Figure 5) and side-to-end to the common femoral arteries
distally. The initial plan of graft to RIIA by-pass procedure in-
tending its revascularization, was abandoned intra-operative-
ly, because of adequate back-flow to the common iliac and the
right internal iliac arteries.

Recommendation 2

Explantation of failing Endovascular Aneurysm Sealing Nellix
prostheses (Endologix) is recommended as the preferred
treatment in surgically fit patients.

Class
1 | &
Figure 3: ESVS AAA Guidelines Update concerning the treat-

ment of patients with failed Nellix device, published on March
2023, reproduced with permission from Elsevier.

Level References

| Consensus

Figure 4: Intraoperative picture of the Nellix device inside the
aneurysm lumen. The device endobags are clearly shrank pro-
viding inadequate sealing.

Figure 5: Proximal end-to-end anastomosis between the bifur-
cated PTFE (24mm x 12mm) graft (Goretex) and the juxtarenal
abdominal aorta.

Post-Operatively, One-Month & One-Year Follow-Up

Postoperatively, a transient acute kidney injury, with eleva-
tion of creatinine levels (from 0.8 mg/dL pre-operatively to
1.8 mg/dL) due to the transrenal cross-clamping occurred and
gradually resolved, reaching normal on 6" postoperative day,
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when the patient was discharged uneventful.

On the one month follow up, all wounds had healed, the
graft was clinically patent with the patient having a full com-
plement of lower extremity pulses, enjoying relief from his
claudication symptoms. On one-year follow up the patient
had an ABI =1 and ABI _.=1.1, clearly improved from his last
measurement and compatible with his clinical status.

DISCUSSION

The EndoVascular Aneurysm Sealing System (EVAS, Endologix
Inc, Irvine, CA, USA) , was introduced as an alternative, to the
conventional EVAR , method of endovascular exclusion of an
aneurysm sac, sealing its lumen by polymer-filled polyure-
thane endobags.

IFU

Its initial instructions for use (2013)? were similar to the most
EVAR devices;

e Aortic proximal neck diameter between 18 mm and
32 mm

e Minimum aortic proximal neck length of 10mm
e Aortic neck angulation <60°

e Common iliac arteries diameter between 8 mm and
35 mm.

e Blood lumen diameter of the aortic sac <70 mm.

Although, after the increase of late incidents of Nellix mi-
grations, endoleaks (mainly type la) and sac enlargements,
the company attempted a modification of the IFU (October
18t, 2016)%3:

e Reducing the limit of the maximum proximal aortic
neck diameter to 28 mm (trying to prevent type la en-
doleaks and device migrations),

e Restricting the blood lumen’s diameter (8-35mm)
measurement, outside the distal zone (aiming the re-
duction of type Ib endoleaks) and

e Inserting a maximum aortic aneurysm diameter to
maximum aortic blood lumen diameter ratio <1.4

Complications of the EVAS System

The Nellix device was introduced as having a unique mecha-
nism for reducing the incidence of endolealks, especially type
Il %7 (whose prevalence may reach 25% of all endoleaks in
some cases®), by restricting back-flow from the IMA, lumbar
and renal accessory arteries via direct sealing. EVAS was ini-
tially associated with high technical success rates (98-100%)*
and low 30-day® and one-year® complication rates. However,
significant adverse effect rates were observed during mid- and
late-term surveillance (usually an average of two years after
the intervention)'%!12,

The most common Nellix complication, that subsequently
provoked device failure and aneurysm sac growth, was stent-
graft migration, frequently coexisting with limb separation
(>5mm)*>*4, The Society for Vascular Surgery (SVS) has defined
stent migration as stent movement of >10mm, or any stent
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displacement leading to symptoms (endoleaks, sac enlarge-
ment, etc)®. The most important factor that either causes
or allow and intensify especially proximal migration (which
is the most often), is the lack of proximal active fixation site
to the aortic wall (absence of struts, anchors, barbs, hooks
or crowns). Therefore, stability and adhesion of the device to
the proximal aortic neck relies only on the polymer-filled en-
dobag sealing®. As a consequence, alterations of either the
aortic anatomy or the device itself could result in sealing defi-
cits, thus, caudal translocation, endobag separation (>5mm),
endoleaks (mainly type la) and late aneurysm sac growth. In
regard to the polymer/endobag complex, in many cases of
open surgical conversion, degradation of PEG and endobag
shrinking had been noticed. This dissolution decreases the
area of sealing surface and the immobilization of the stent-
grafts (especially to the proximal aortic neck, where the pau-
city of fixation coexists), allowing for caudal migration?® of the
device and resulting to endoleak type la and sac growth. It has
been reported that not only stent-graft migration can cause
the growth of the AAA (due to inadequate sealing and leakage
of the blood circulation inside the sac), but it could also be a
result of progression of the aneurysmatic disease at the first
place. These measurements brought out possible expansion
concerning the whole aneurysm, or partially, away from the
maximum cross-sectional area and accompanied by changes
in shape or volume, without noticed differences in maximum
diameter. Another potential cause of this fact is the existence
of aneurysmatic regions that underlie different radial force
and pressure, which the landing zones exert (e.g. because
of polymer dissolution or endobag weakness). This disunion
indicates a closer and more detail examination of the AAA
anatomy and characteristics, during the follow-up screening
and imaging. Histologically, it has been reported that, in some
cases, elastolysis existed, likely because of a triggered biolog-
ical response and interaction between the endobags and the
aortic wall’.

As aforementioned, the most frequent event that follows
the device's proximal migration is type la endoleak. The diag-
nosis of this complication may be challenging, even in CT or
DSA, mainly due to the increased density and opacity of the
endobags, making it difficult to be spotted. The only detail that
implies the presence of a type la endoleak is an arcuate and
slightly linear area, enhanced by the flow of contrast, between
the device's endobags and the aortic wall?’. Van den Ham et
al. proposed a comprehensive classification of the type la en-
doleaks following EVAS failure'®, depending on the site and the
extend of the contrast medium inside the aortic sac:

e Isl: The slit or gutter leakage is observed at the neck,
not reaching the aneurysm sac.

e Is2: The endoleak reaches and fills partially or totally
the aneurysm sac.

e Is3: The flow is present between the endobags.

e Is4:Thereis no visible source of endoleak and it is sim-
ilar to type V post-EVAR endoleak (endotension).

Endovascular Treatment of EVAS Complications
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The initial treatment choices to deal with type la endoleaks
and graft migration were both endovascular and open surgical
(Open Conversion - OC), until the withdrawal of the device,
when the first one was abandoned. Endovascular methods
were preferred and indicated for unfit for OC patients®, those
with low life expectancy and in some urgent cases®. Due to
EVAS peculiar anatomy, EVAR or FEVAR stent-graft extensions
would not match for proximal sealing reinforcement. A com-
mon solution to overcome this problem, was the endovascu-
lar use of a Nellix extension device, placed in the top of the
initial one, while the bare-stent distal limbs were inserted,
deployed and stabilized into the main proximal ones (Nellix in
Nellix Application - NiNa)?*?2, In case of inadequate aortic neck
length, the Nellix proximal extension required the use of chim-
ney technique (for the Superior Mesenteric Artery and the Re-
nal Arteries) to provide sufficient blood supply to the superi-
or mesenteric and renal arteries?**?*, In persistent cases of
type la endoleaks, due to the presence of slits or gutters, coil
or butyl-cyanoacrylate embolization® could potentially stop
the leakage and the sac enlargement. In general, Is1 and Is2
endoleaks with correct location of the Nellix endograft, were
usually treated with embolization (coils and onyx glue), while
for 1s3 and Is2 with caudal migration of Nellix stent-grafts,
NiNa proximal extension with or without the use of chimney
stent-grafts or open surgical conversion were preferred.

Even though endovascular techniques temporarily showed
a decent block sealing of the endoleak, long-term surveillance
proved a significantly low percentage of success, presenting
recurrence of the endoleak and further sac growth. NiNa tech-
nique proved ineffective due to the unsolved stent-graft mi-
gration problem. Even if the proximal extension achieves tran-
sient sealing and endoleak reduction or exclusion, the initial
Nellix device is not stabilized, hence the migration continues
until the complications reappear.

EVAS Withdrawal and Open Device Explantation

On account of Nellix’s disappointing late results, the company
decided its withdrawal on May 10™, 2022. Insecurity of Nellix
usage preexisted, since 2019 AAA Guidelines, when its appli-
cation was not recommended in clinical practice (IlIC). During
an update (March 2023) on guidelines concerning EVAS, ESVS
recommends the close surveillance of patients treated with
Nellix and in case of device failure, the explantation of the
prosthesis in fit for surgery patients (1A)%°.

Open surgical conversion and explantation of the Nellix
device is the current treatment of choice in fit patients. During
surgery, there are advantages, like the tractable removal of the
device’s proximal part (due to lack of active fixation) and often
the existence of a suitable area for cross-clamping (depend-
ing on the neck’s anatomy and length) and some points that
could potentially cause serious complications. For example,
in most cases, due to the features of the device’s distal limbs
(which are bare stents, deprived of endobags or graft cover-
age) and the late onset of the complications, adhesions can be
formed, between the stents and the iliac attachment sites. As
a result, abrupt or clumsy manipulation could cause vascular
damage and later thrombosis or iliac dissection. Mortola et al

concluded that constant and stable pulling of the stent-graft
limb permits proper removal without harming the artery. Ad-
hesions formation and fibrosis on the aortic wall could also
coexist at the endobag attachment sites. Generally, due to an
unregulated inflammatory response of the surrounding tis-
sues??, the device explantation and aneurysm isolation may
be challenging. At any rate, the whole procedure of Nellix ex-
traction should be under great care and mild manipulation.

CONCLUSION

In summary, Nellix failure may result in severe complications,
such as sac enlargement and aneurysm rupture. The patients
treated with EVAS should be closely informed and supervised
to prevent imminent device failure and endoleaks. In case the
failure is confirmed, fit patients should be treated with open
conversion and extraction of the device. Concerning our case,
patients with juxtarenal aneurysms due to Nellix failure and
concomitant peripheral arterial occlusive disease have to be
treated with caution to avoid unforeseen circumstances, like
ischemic complications of the kidneys or the lower extremi-
ties. In any case, the necessity of timely diagnosis of the fail-
ure and the open conversion with explantation of the device
in fit patients is crucial for their safety.
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