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EDITORIAL

Selective Graft Preservation in Peripheral Vascular Graft Infections: Sound

Practice or Risky Compromise?

Constantine N. Antonopoulos

1%t Department of Vascular Surgery, “Attikon” University Hospital, National and Kapodistrian University of Athens, Greece

One of the most demanding complications in vascular surgery
is the peripheral vascular graft infection (PVGI). Even as periop-
erative care, antimicrobial regimens, and prosthetic technolo-
gies have advanced, infection of a lower-limb graft remains
a potentially catastrophic event. It threatens not only limb
viability but also patient survival, often entailing prolonged
hospitalization, repeated operations, and major psycholog-
ical and economic consequences. Over time, the field has
evolved from the dogma of graft excision toward a nuanced,
evidence-based, patient-specific strategy combining infection
control, graft preservation, and biological or engineered re-
construction. The modern surgeon faces not a binary choice
of removal versus salvage but a sophisticated spectrum of
possibilities—each dependent on infection extent, microbial
virulence, host resilience, and available materials.

Despite its apparent rarity, PVGI remains one of the most
devastating vascular complications. Reported incidence rang-
es between 0.5 % and 6 % depending on anatomic location
and patient risk profile. According to the ESVS 2020 guide-
lines, infrainguinal reconstructions carry the highest risk,
particularly when prosthetic material is placed in the groin or
subcutaneous plane.

A recent multicenter retrospective series—one of the
most recent real-world datasets—reported an 8 % infection
rate among 196 prosthetic bypasses, with mortality of 17-30
% and major amputation rate of approximately 27 %. Such fig-
ures reaffirm that PVGI, although infrequent, has dispropor-
tionate impact. In the era of endovascular dominance, open
bypass is reserved for the most complex cases: patients with
diffuse multilevel disease, failed endovascular interventions,
or chronic limb-threatening ischemia. These individuals are
typically elderly, diabetic, and immunocompromised—the
very conditions that predispose to wound infection. The bur-
den therefore concentrates in a smaller yet frailer cohort,
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making prevention and individualized management even
more critical.

The groin remains vulnerable to infection owing to its com-
plex anatomy and proximity to contaminated areas. Its dense
lymphatic network, proximity to perineal flora, and frequent
use for prosthetic anastomoses create an ideal environment
for contamination. Once bacteria reach the graft surface, they
exploit the biofilm—a polymeric shield that renders them re-
sistant to both antibiotics and host immunity.

PVGI results from three interrelated mechanisms: in-
tra-operative contamination, contiguous spread from nearby
infection, or hematogenous seeding from distant sites. Each
pathway underscores the delicate host-device interface. Da-
cron and ePTFE grafts, though durable and hemodynamical-
ly efficient, remain intrinsically foreign; their microstructure
facilitates bacterial adherence. Host factors such as diabetes,
renal failure, malnutrition, chronic steroid use, or immuno-
suppression further compromise the local defence barrier.

Traditionally, Staphylococcus aureus and Staphylococcus
epidermidis have dominated the microbiologic spectrum, re-
sponsible for up to 60 % of infections. The recent shift, howev-
er, toward Gram-negative pathogens—notably Pseudomonas
aeruginosa and Escherichia coli, together comprising almost
one-third of isolates in a recent series—poses new therapeu-
tic challenges. These organisms often exhibit multidrug resist-
ance, form aggressive biofilms, and precipitate anastomotic
rupture or sepsis.

The ESVS guidelines advocate a comprehensive diagnostic
approach combining clinical assessment, microbiology, and
imaging. High-resolution CT angiography delineates fluid col-
lections or pseudoaneurysms, while 18F-FDG PET/CT and la-
beled-leukocyte scintigraphy distinguish sterile inflammation
from active infection. Direct tissue sampling of perigraft fluid
or graft material remains the diagnostic gold standard—su-
perficial swabs are inadequate.

Temporal classification retains practical value. Early (< 4
months) infections are typically high-grade, caused by S. au-
reus or Gram-negative rods, and present with local erythema,
purulence, or systemic sepsis. Late (> 4 months) infections are
indolent, often involving S. epidermidis or low-virulence flo-
ra, and may manifest through pseudoaneurysm, bleeding, or
graft occlusion.

The Samson-Szilagyi classification, although decades old,
remains a useful guide—distinguishing superficial wound in-
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fections (Groups I-Il), limited graft involvement (Group lIl),
and anastomotic or systemic infections (Groups IV-V). The
ESVS framework extends this by incorporating imaging and
microbiologic data, encouraging individualized decision-mak-
ing rather than adherence to a single algorithm.

Historically, “infected graft = excision” was an unassaila-
ble rule. Yet the current era recognizes degrees of infection
and patient heterogeneity. The ESVS 2020 recommendations
explicitly endorse selective graft preservation when feasible—
particularly in early, localized infections without systemic sep-
sis or anastomotic breakdown.

De Caridi et al. demonstrated that conservative manage-
ment—meticulous debridement, vacuum-assisted closure
(VAC) therapy, and muscle-flap coverage—achieved suc-
cessful infection control and limb salvage in one-third of pa-
tients. These outcomes rival, and occasionally surpass, those
of excisional strategies, provided strict patient selection and
close surveillance are maintained. Nevertheless, when sep-
sis, bleeding, or anastomotic rupture occur, complete graft
removal remains lifesaving. The art lies in balancing infection
eradication against preservation of perfusion and functional
outcome.

Antibiotic therapy is both preventive and therapeutic.
The ESVS guidelines outline a staged regimen: 1) empirical
coverage directed at Gram-positive cocci (including MRSA)
and Gram-negative bacilli until cultures specify pathogens. 2)
targeted intravenous therapy for 4-6 weeks, followed by oral
continuation up to six months depending on infection control
and reconstruction. 3) lifelong suppressive therapy may be
warranted when complete excision is impossible. In a recent-
ly published cohort, cefazolin or vancomycin served as pre-
operative empiric therapy; targeted regimens were adjusted
by antibiogram. Integration of systemic antibiotics with VAC
therapy yielded an impressive 69 % limb salvage rate—proof
that local control and systemic therapy must operate synergis-
tically. Adjunctive measures include optimization of nutrition,
glycemic control, and cessation of smoking. Early consultation
with infectious-disease specialists is strongly recommended,
ensuring proper antimicrobial stewardship and prevention of
resistance.

When excision is inevitable, the choice of conduit dictates
both immediate and long-term outcomes. Autologous vein
grafts remain the gold standard due to their biocompatibil-
ity and resistance to infection. The great and small saphen-
ous, arm veins, or even femoropopliteal segments may be
employed, though harvesting can be technically demanding
and occasionally limited by patient factors. When suitable
autologous conduit is unavailable, cryopreserved arterial al-
lografts (CAAs) provide a valuable alternative. Supported by
both the ESVS guidelines and several clinical series, CAAs ex-
hibit mid-term patency rates of 80-90 % and reinfection rates
near 15 %. They are particularly suited for controlled infec-
tion environments or as bridges until definitive autogenous
reconstruction. Limitations include restricted availability,
structural degeneration, and uncertain long-term durability.
Biologic and biosynthetic conduits have gained traction. The

Omniflow Il biosynthetic graft, composed of bovine collagen
matrix reinforced with polyester, demonstrated promising re-
sults, achieving limb salvage without reinfection in selected
patients. Similarly, bovine-pericardial xenografts and silver- or
rifampicin-bonded prostheses expand the reconstructive ar-
mamentarium, though robust randomized evidence is pend-
ing.

Among recent advances, the combination of muscle-flap
coverage (MFC) and negative-pressure wound therapy (NPWT)
stands out as transformative. The goal is to provide well-vas-
cularized tissue that fills dead space, delivers oxygen and
antibiotics, and isolates the prosthesis from contamination.
The ESVS guidelines recommend MFC—typically using sarto-
rius, gracilis, or rectus femoris muscles—for groin infections,
reserving combined or free flaps for complex or recurrent
cases. Clinical reports, including De Caridi et al., document
infection-control rates > 80 % and robust limb preservation.
Beyond technical success, these methods represent a cultural
shift: from isolated vascular intervention to multidisciplinary
collaboration with plastic and reconstructive surgeons. This
partnership has redefined the limits of limb salvage.

No therapy is as beneficial as prevention. The ESVS 2020
guidelines articulate a comprehensive protocol including: 1)
preoperative optimization: correct malnutrition, anemia, and
glycemic imbalance; decolonize nasal S. aureus carriers; use
chlorhexidine showers. 2) intraoperative measures: admin-
ister antibiotics within 60 minutes before incision; maintain
normothermia; ensure meticulous hemostasis; minimize op-
erative time; avoid unnecessary drains; prefer oblique over
vertical groin incisions. 3) postoperative vigilance: early detec-
tion of lymphoceles or wound dehiscence; limit prophylaxis to
24 hours to prevent resistance. Evidence also supports the ad-
junctive use of local vancomycin powder or rifampicin-bond-
ed grafts, though high-quality trials remain sparse. Consistent
implementation of these fundamentals can reduce infection
risk dramatically.

Despite preventive rigor, the presence of any prosthe-
sis maintains inherent infection risk. The next frontier lies in
smart biomaterials capable of biological integration and active
antimicrobial defense. Nanotechnology offers several promis-
ing platforms. Electrospun nanofibrous scaffolds can replicate
extracellular matrix microarchitecture, enhancing endotheli-
alization and cell adhesion. Nanoparticles of silver, copper, or
zinc provide sustained antibacterial activity through reactive
oxygen species and ion release, while polymeric nanocarriers
enable localized, controlled antibiotic delivery. Experimental
studies reveal excellent biocompatibility and infection pre-
vention in animal models. Yet key questions persist: long-term
patency, host immune response, degradation kinetics, and
scalability. Bridging the laboratory-clinic divide will demand
rigorous translational research, standardized testing, and reg-
ulatory harmonization. Ultimately, the vision is a biointegra-
tive vascular conduit—one that supports endothelialization,
resists colonization, and interacts harmoniously with host tis-
sue. Such technology would transform PVGI from a surgical
complication to a preventable relic.
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The ESVS 2020 document represents a global consensus
on best practice, but implementation in daily clinical set-
tings often encounters practical constraints: limited access
to allografts, variable microbiologic support, or lack of spe-
cialized reconstructive teams. Recent studies highlight this
gap—demonstrating that real-world decisions frequently rely
on surgeon judgment and resource availability as much as
on formal algorithms. To bridge this divide, vascular centers
should establish multidisciplinary vascular infection teams,
comprising vascular, plastic, and infectious-disease specialists,
radiologists, and microbiologists. Regular case reviews, shared
databases, and adherence audits can align practice with evi-
dence. National or international registries will further enable
benchmarking and foster collaborative research on this rela-
tively rare yet critical complication.

Behind statistics lie patients enduring repeated opera-
tions, extended antibiotic therapy, and functional loss. The
psychological toll of amputation, coupled with prolonged
dependency, cannot be overstated. For health-care systems,
PVGI represents a heavy financial burden—estimated at hun-
dreds of millions annually in hospitalization and rehabilitation
costs. For surgeons, these infections are a sobering reminder
that technical perfection alone is insufficient. The true meas-
ure of excellence lies in preventing infection through prepara-
tion, discipline, and collaboration.

To advance the field, several priorities emerge: 1) stand-
ardized classification and reporting integrating imaging, mi-
crobiology, and biomaterial data. 2) prospective multicenter
registries capturing incidence, management strategies, and
outcomes. 3) randomized evaluation of preservation tech-
niques, particularly VAC and MFC, to establish clear indica-
tions, 4) development of antimicrobial and bio-functional

grafts through surgeon-engineer partnerships. 5) educational
initiatives emphasizing infection prevention, early recognition,
and multidisciplinary care within vascular training curricula.
Such collective efforts will ensure that the next generation of
vascular specialists approaches PVGI with both scientific rigor
and clinical pragmatism.

In conclusion, peripheral vascular graft infection remains
one of the most formidable challenges in vascular surgery.
Despite modern prophylaxis, its incidence persists, driven
by increasingly complex patient profiles and evolving micro-
bial resistance. Yet progress is tangible: the shift from oblig-
atory graft removal to selective preservation, the synergy of
NPWT and muscle-flap coverage, and the emergence of bio-
engineered conduits collectively redefine outcomes once con-
sidered unattainable. The convergence of surgical expertise,
infectious-disease management, and materials science prom-
ises to convert this “old problem” into a controllable, perhaps
preventable, condition. Ultimately, the success of PVGI man-
agement will rest not only on operative skill but on our ability
to foresee, coordinate, and innovate—safeguarding both the
graft and the patient whose life depends upon it.
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Abstract:

Purpose: To evaluate the feasibility, early and mid-term outcomes of in-situ aortic reconstruction using self-made bo-
vine pericardium grafts for the treatment of prosthetic and endograft infections or mycotic aortic infections at a single
tertiary center.

Methods: This retrospective single-center study included all patients undergoing in-situ reconstruction with self-made
bovine pericardial grafts between January 2019 and December 2024. All patients fulfilled diagnostic criteria according
to the MAGIC definition. Radical debridement was followed by intraoperative fabrication of straight or bifurcated bo-
vine pericardial grafts. Perioperative management included broad-spectrum antibiotics and omental wrapping when
feasible. Primary endpoints were 30-day, in-hospital, and overall mortality. Secondary endpoints included perioperative
complications, graft patency, re-intervention, and reinfection.

Results: Sixteen patients (87.5% male; mean age 66.6 years) were treated: indications included mycotic aneurysm (25%),
infected endografts (25%), and infected prosthetic grafts (50%). Aortoenteric fistulae were present in 31.3%. Microbio-
logical cultures were positive in 81.3% of cases. Thirty-day mortality was 31.3%, and in-hospital mortality 37.5%, mainly
due to graft disruption and sepsis. Median follow-up was 8.3 months (range, 0-43). No reinfections were observed. Two
reinterventions were required: one proximal pseudoaneurysm (treated endovascularly) and one graft limb thrombosis
(treated with femoro-femoral crossover bypass).

Conclusions: Self-made bovine pericardium grafts are a feasible and effective option for in-situ aortic reconstruction
in infected fields, demonstrating excellent resistance to reinfection and satisfactory mid-term durability. Despite high
perioperative mortality reflecting patient frailty, graft-related outcomes are favorable. These findings support bovine
pericardium as a valuable biological conduit when allografts or autologous vein are unavailable.

Keywords: Aortic graft infection; In-situ reconstruction; Bovine pericardium graft; Mycotic aneurysm; Aortoenteric fistu-

la; Endograft infection; Xenopericardial conduit

INTRODUCTION

Abdominal aortic prosthetic graft and endograft infections are
an uncommon yet severe condition that can result in substan-
tial morbidity and mortality if not properly addressed. These
infections include native mycotic aneurysms, infected synthet-
ic grafts, and endograft infections and represent one of the
most challenging entities in vascular surgery. They originate
from diverse sources, including hematogenous dissemination,
adjacent infections, or iatrogenic factors.! Despite being rela-
tively uncommon, with an estimated incidence of 0.5-5% af-
ter open or endovascular aortic repair, these conditions are
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associated with significant morbidity and mortality due to
sepsis, rupture, and fistula formation.? Management is further
complicated by diagnostic difficulties, the need for surgical de-
bridement, and the limited availability of options for in-situ
reconstruction.

Historically, treatment has relied on extra-anatomic by-
pass, cryopreserved arterial allografts, or autologous vein re-
construction. Extra-anatomic reconstructions, however, are
associated with poor long-term patency and high reinfection
rates. Autologous vein grafts (NAIS procedure) can provide du-
rable results but are technically demanding, associated with
significant donor site morbidity, and are often unsuitable in
emergencies.? Cryopreserved allografts are considered an ex-
cellent biological option, but their availability is limited, and
they may undergo structural degeneration over time.? Bovine
pericardium has emerged as a promising biological materi-
al for in-situ reconstruction in infected sites. Its advantages
include wide availability, biocompatibility, resistance to in-
fection, and the ability to be tailored into self-made tube or
bifurcated grafts. Since the first descriptions of custom-made
xenopericardial tubes,* a growing amount of research has
shown positive results in various regions of the aorta. Initial
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studies conducted at single centers showed that the approach
was feasible and resulted in low rates of reinfection.> ¢ 7 Sub-
sequent larger studies across multiple centers have validated
the mid-term durability of these findings. The European mul-
ticenter study by Weiss et al., including 168 patients, reported
a 30-day mortality of 15% and a reinfection rate of only 6% at
a median 26-month follow-up, with no cases of graft degen-
eration.® Similarly, systematic reviews and meta-analyses have
highlighted the consistently low reinfection rates (=1-6%) and
high patency (=95-99%) associated with bovine pericardium
reconstructions.® 11!

Both self-made and prefabricated bovine pericardium
grafts have been studied. Self-made xenopericardial tubes
can be fabricated on-table into straight or bifurcated grafts,
allowing customization to patient’s anatomy.” '* Prefabricated
bovine pericardial grafts, such as the Biolntegral conduit, have
also shown favorable outcomes in multicenter cohorts, with
reinfection rates around 5-9% and patency exceeding 85% at
mid-term follow-up.'? 131 |n various studies, the primary late
complications are either an anastomotic pseudoaneurysm or
stenosis occurring at the central or peripheral anastomosis.® *

The role of bovine pericardium grafts has now been recog-
nized in international guidelines, with the 2020 ESVS Clinical
Practice Guidelines on graft infections recommending xenop-
ericardial grafts as a valid alternative when allografts or autol-
ogous vein are not available.? Nevertheless, most published
data are collected from heterogeneous, multicenter, or mixed
pathology cohorts, and long-term (>5 - 10 year) durability re-
mains insufficiently characterized.

Given these considerations, reporting additional sin-
gle-center experiences is essential to refine the evidence base.
In this study, we present our institutional results using self-
made bovine pericardial grafts for the treatment of aortic in-
fections, focusing on technical feasibility, early and mid-term
outcomes, and comparison with published literature.

METHODS

This retrospective single-center cohort study included all pa-
tients who underwent in-situ aortic reconstruction with self-
made bovine pericardium grafts for the treatment of synthetic
or endografts infections and mycotic aortic infections in our
Department between January 2019 and December 2024. The
study was conducted in accordance with institutional ethical
standards, and informed consent was obtained from all pa-
tients or their legal representatives.

All patients had clinical or radiologic evidence of infection
as defined by the Management of Aortic Graft Infection Col-
laboration (MAGIC) criteria.> Computed tomography imaging
demonstrated inflammatory changes in all cases, and five pa-
tients (31.3%) presented with aortoenteric fistulae.

Preoperative microbiological assessment included blood
cultures, wound swabs, and analysis of the explanted grafts
when this was feasible. Empirical broad-spectrum intravenous
antibiotics were started at the time of the diagnosis and sub-
sequently tailored to culture results in collaboration with In-
fectious Disease Department.

All surgical procedures were performed through midline
laparotomy or retroperitoneal exposure, depending on the
site of infection. Radical debridement of all infected and ne-
crotic tissue was performed in every case, followed by in-si-
tu reconstruction with a self-made bovine pericardium graft.
The grafts were fabricated intraoperatively from commercial-
ly available bovine pericardial patches. In cases involving the
aortic bifurcation, bifurcated grafts were constructed in a sim-
ilar fashion (Fig. 1). Omental wrapping of the reconstruction
site was performed whenever technically feasible. The simul-
taneous surgical management for aortoenteric fistulae was
conducted in collaboration with gastrointestinal surgeons.

Postoperatively, all patients were transferred to the Inten-
sive Care Unit (ICU) for hemodynamic monitoring and contin-
ued intravenous antibiotic therapy. Antibiotics were admin-
istered for a minimum of six weeks and prolonged antibiotic

Figure 1: The construction of a self-made bifurcated graft made of bovine pericardium. At first we create the tubes and then we
sew them together to form a bifurcated graft. When an extra length is needed we add a main body, as in this case.
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therapy was prescribed in selected high-risk patients. Patients
were followed at one, three, six, and twelve months after dis-
charge, and annually thereafter. Follow-up included clinical
examination, laboratory evaluation of inflammatory markers,
and, if needed, computed tomography angiography to assess
graft integrity, patency, and possible recurrence of infection.

Clinical data were retrieved retrospectively from hospi-
tal records, including demographic variables, microbiological
results, operation details, and postoperative outcomes. Sta-
tistical analysis was performed using Jamovi 2.6 version. The
primary endpoints of the study were in-hospital mortality,
30-day mortality and overall mortality. Secondary endpoints
included perioperative complications, re-intervention rates,
graft patency, and recurrence of infection.

RESULTS

Between 2019 and 2024, a total of 16 patients underwent
in-situ aortic reconstruction using self-made bovine pericar-
dium grafts at our center (Fig 2, 3). The cohort was predomi-
nantly male (87.5%), with a mean age of 66.6 years (range, 25-
87 years). Indications for surgery included mycotic aneurysm
in four patients (25%), infection of a prior endovascular aortic
repair (EVAR/TEVAR) in four patients (25%), and infection of a
conventional prosthetic graft in eight patients (50%).

All patients presented with clinical symptoms at diagno-
sis, including fever in 9 patients (56%), abdominal pain in 3
(19%), purulent discharge from a femoral-inguinal fistula in
2 (12.5%), pseudoaneurysm of the femoral anastomosis in 2
(12.5%) and gastrointestinal bleeding in 2 patients (12.5%).

Figure 2. Intraoperative picture of a bifurcated bovine graft, depicting the aortic (A), the right femoral (B) and the left femoral

(C) anastomosis.

Figure 3. Intraoperative picture of a TEVAR infection treated with a bovine pericardium tube graft.
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Figure 4. Computed tomography angiography in axial (A) and
sagittal (B) view revealing a pseudoaneurysm of the proximal
anastomosis of a self-made aortobifemoral bovine graft.

Computed tomography imaging demonstrated inflammatory
lesions in every case, namely perigraft gas or fluid. Five pa-
tients (31.3%) had an associated aortoenteric fistula. Micro-
biological cultures were positive in 13 patients (81.3%), most
frequently from explanted grafts (62.5%), followed by wound
cultures (12.5%) and blood cultures (6.3%). Three patients
(18.8%) had negative cultures. The mean duration of the pre-
operative antibiotic therapy was 7.1 + 6.6 days.

Figure 5. Computed tomography angiography showing occlu-
sion of the right limb of the aortobifemoral bovine graft.

The mean ICU stay was 2.6 days (range, 0-19 days), and
the mean postoperative hospital stay was 11.9 days (range,
0-45 days). The 30-day death rate was 31.3% (5 patients),
while in-hospital mortality was 37.5% (6 patients). The most
common cause of death was graft disruption in 4 patients, fol-
lowed by multiorgan failure due to sepsis in 2.

No patient died after hospital discharge, during a median
follow-up of 8.3 months (range, 0-43 months), and no cases
of infection recurrence were documented. One patient devel-
oped a pseudoaneurysm of the proximal anastomosis (Fig 4) 6
months after the bovine graft implantation, which was treat-
ed by endovascular repair with an aortic cuff. Another patient
suffered from thrombosis of the right limb of an aortobifemo-
ral bovine graft (Fig 5) 2 years after its implantation, which was
treated with a femoro-femoral crossover graft.

DISCUSSION

In this retrospective single-center study, we evaluated the
outcomes of 16 patients treated with self-made bovine peri-
cardium graft for aortic infections. Our series demonstrates a
30-day mortality of 31.3% and an overall mortality of 37.5%.
Despite the high perioperative risk associated with the se-
verity of the disease in this cohort, we observed no cases of
reinfection at a median follow-up of 8.3 months. Additional-
ly, graft durability was favorable, with only one case of limb
thrombosis and one case of proximal anastomotic pseudoan-
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eurysm. These results align with, and further support, the
growing evidence that bovine pericardium grafts are a viable
option for in-situ reconstruction in infected aortic cases.

Comparison with existing evidence

Multiple single-center studies have reported favorable out-
comes with self-made xenopericardial tubes. In the early fea-
sibility series by Lutz et al., infection control was achieved in
75%, with 100% graft patency at 9 months, although two late
ruptures occurred due to reinfection.® Alonso et al. document-
ed a 30-day mortality of 4.7% and 95% primary patency, with
no recurrency of infection during a median follow-up of 14
months.” Similarly, Czerny and colleagues reported in-hospital
mortality of 16%, excellent mid-term patency, and freedom
from reinfection in 98% of cases, though fungal infections
were associated with poor outcomes.'® Zientara et al. high-
lighted the technical feasibility of self-made bovine pericardi-
um grafts, showing 100% patency and no reinfections in their
pericardium subgroup, with lower complication rates than al-
lograft reconstructions.®

Our results compare favorably with these smaller series,
particularly in terms of infection resistance, where we ob-
served zero reinfections despite one-third of our patients
(31.3%) presenting with aortoenteric fistulae. However, our
early mortality was higher, which likely reflects the prolonged
age and comorbidities in our population, including octoge-
narians and patients with septic clinical presentation. These
results align with the study by Weiss et al., which is the most
extensive multicenter cohort involving 168 patients. They ob-
served a 30-day mortality rate of 15%, with higher rates in
cases of graft infection compared to native infection and re-
ported an 86% rate of freedom from reinfection over a period
of 5 years.? Significantly, throughout that series, no inherent
deterioration of bovine pericardium grafts was observed, sup-
porting the mid-term durability observed in our study.

Other mid-sized cohorts support these observations. Krei-
bich et al. reported acceptable outcomes using xenopericardi-
al grafts for infectious aortic disease across various segments,
emphasizing the technical versatility of the material.’® In a
systematic review by Hostalrich et al., involving 71 patients,
the mortality rate within 30 days was 25%. Additionally, 5.7%
of the patients experienced reinfection, and 9% required fur-
ther intervention, with no instances of graft thrombosis re-
ported.® Likewise, Grills et al. combined data from nine studies
involving 133 patients and found that reinfection rates were
extremely low (less than 1%) and patency was very high (over
95%). However, the overall mortality rate remained elevat-
ed at approximately 40% due to the underlying disease.’® A
broader meta-analysis in the HIVES by Theodosopoulos et al.,
including 290 patients, confirmed these findings, with reinfec-
tion-free survival of 98.6% and primary patency of 99%. The
collective data highlight the infection resistance and durability
of bovine pericardium grafts, emphasizing that patient frailty
and the severity of sepsis are the primary factors influencing
overall outcomes.

Prefabricated bovine pericardial grafts

Alongside physician-made conduits, prefabricated bovine per-
icardium grafts have emerged as an attractive “off-the-shelf”
option. The VASC-REGAIN study demonstrated a 1-year re-
infection rate of 9%, occlusion in 6% of the cases, and pro-
cedure-related mortality of 16%.'? A preliminary experience
with prefabricated grafts for aorto-iliac and infrainguinal re-
constructions reported 30-day mortality of 17% for aorto-iliac
and 8% for infrainguinal reconstructions, with reinfection-free
survival of 94% and acceptable patency.’” Further mid-term
analysis showed primary patency of 85% at 1 year and assist-
ed primary patency rate of 96.3%.%* In a retrospective analysis
conducted by Donato et al., which involved 20 patients, the
in-hospital mortality rate was as low as 5%. Additionally, the
primary patency was reported at 95%, and the re-infection
rate was 5%.%* Our findings with self-fabricated grafts demon-
strated comparable robustness in infection resistance, indicat-
ing that both approaches are effective. However, prefabricat-
ed grafts offer logistical advantages when rapid intervention
is required, particularly in scenarios necessitating rapid inter-
vention.

Comparison with alternative strategies

Autologous femoral vein reconstruction (NAIS) is considered
highly resistant to infection but is technically demanding,
time-consuming, and associated with donor-site morbidity,
making it less feasible in urgent settings. Cryopreserved allo-
grafts remain an excellent biologic alternative, but supply is
limited, and structural degeneration can occur. A French bi-
centric comparative study, involving 169 patients from 2010
to 2023, identified no significant differences in mid-term sur-
vival or reinfection-free survival between cryopreserved allo-
grafts and xenopericardial substitutes. This finding highlights
the clinical efficacy equivalence of bovine pericardium grafts
while emphasizing their advantage in terms of availability.?
Synthetic grafts treated with rifampicin or silver coatings have
been used, but reinfection rates remain higher, particularly in
cases with gross contamination or fistulation, as noted in the
2020 ESVS Guidelines.?

Limitations and clinical implications

Our study is limited by its retrospective design, small cohort
size, and relatively short follow-up, which may underestimate
late complications such as para-anastomotic pseudoaneu-
rysm or primary or assisted primary patency —complications
reported in other series.® * Nevertheless, the absence of rein-
fections in our cohort, even in complex cases with aortoenter-
ic fistulae, contributes additional evidence to the expanding
collection of research that endorses the safety and efficacy of
bovine pericardium grafts.

Taken together, the available evidence indicates that bo-
vine pericardium, whether self-made or prefabricated, offers
a robust, infection-resistant, and versatile solution for in-situ
aortic reconstruction. While perioperative mortality remains
significant, reflecting the critical illness of this patient popula-
tion, graft-related outcomes are consistently favorable. Larger
multicenter studies with long-term follow-up are required to
confirm the durability of this approach and to better define its
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role relative to allografts and autologous vein grafts.

CONCLUSION

Our single-center experience demonstrates that self-made
bovine pericardium grafts provide an effective and versatile
option for in-situ reconstruction in patients with aortic infec-
tions. Despite an early mortality rate of 31.3%, indicative of
the advanced age and comorbidity burden within our cohort,
we observed no reinfections and excellent graft durability dur-
ing follow-up. These results are in line with the largest Euro-
pean multicenter study, which reported a reinfection rate of
only 6% at 5 years with no graft degeneration,® and with other
single-center series showing patency rates exceeding 90-95%
and low recurrence of infection.” & ¢ Systematic reviews and
meta-analyses further support these findings, consistently
demonstrating very low reinfection rates (<6%) and high pri-
mary patency (~95-99%) across heterogeneous patient popu-
lations.> 1011

Prefabricated bovine pericardial conduits have shown
similar safety and efficacy, with reinfection rates of 5-9% and
good mid-term patency.'> > * Compared with alternatives
such as cryopreserved allografts, autologous femoral vein,
or antibiotic-coated synthetic grafts, bovine pericardium of-
fers the advantages of wide availability, on-table adaptability,
and biocompatibility in contaminated fields, while achieving
equivalent mid-term outcomes.??

Taken together, the accumulated evidence establishes
bovine pericardium - both self-made and prefabricated - as a
durable biological conduit for aortic infection surgery. While
perioperative mortality remains high, determined largely by
patient frailty and clinical presentation, graft-related out-
comes are consistently favorable. Larger multicenter studies
with long-term follow-up are warranted, but current data, in-
cluding our own, strongly support bovine pericardial grafts as
a safe and effective alternative for the treatment of this com-
plex and life-threatening condition.
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Proximal landing zone of TEVAR. Are there any limits? A narrative review
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Abstract:

Thoracic endovascular aortic repair (TEVAR) is increasingly utilized for managing thoracic aortic pathologies, necessi-
tating adequate proximal stent graft apposition to healthy aortic wall to optimize outcomes..This review highlights the
evolution of TEVAR techniques and devices, emphasizing the importance of anatomical suitability, technical success
rates, and the need for a standardized approach to LSA reperfusion.Ultimately, careful patient selection, device choice,
and interdisciplinary collaboration are critical to enhancing procedural outcomes and reducing complications in TEVAR.

Thoracic endovascular aortic repair (TEVAR) has gained wide-
spread use in the treatment of acute and chronic patholo-
gies of the thoracic aorta. Optimal outcomes in TEVAR are
dependent upon obtaining adequate proximal apposition of
stent graft against a healthy aortic wall.*? According to the in-
structions for use of the available endografts, this should be at
least 15-20 millimeters long. (Table 1) In the proximal thoracic
aorta, this may require coverage of one or more of the branch-
es of the aortic arch, most commonly the left subclavian ar-
tery (LSA) (26-40%).>> However, coverage of the LSA during
endovascular repair of the thoracic aorta has been identified
in the literature as a significant modifiable risk factor for: cere-
brovascular ischemia, stroke (anterior circulation), vertebral
ischemia, ischemia of the upper extremities.®> % ¢® There are
also some special cases that make reperfusion of the LSA im-
perative, such as:

-Presence of a patent coronary bypass between the left
internal mammary artery and coronary arteries.

-Termination of the left vertebral artery on the posterior
inferior cerebellar artery.

-Absent, hypoplastic or occluded right vertebral artery.

-Presence of a patent arteriovenous dialysis shunt in the
left upper limb.

-Planned extensive coverage (20 cm) of the descending
thoracic aorta.

-Previous infrarenal aortic surgery with concomitant liga-
tion of lumbar and middle sacral arteries.

-Occlusion of the internal iliac artery.> % 1°

Based on the above, all current guidelines of the Europe-
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an Society of Vascular Surgery, the Society of Vascular Sur-
gery and the American Heart Association recommend prior
or simultaneous reperfusion of the LSA, when coverage is
necessary for adequate proximal landing zone achievement,
in order to prevent neurological ischemic complications.> 1% 2
Traditionally, reperfusion of the LSA was performed with a ca-
rotid-subclavian bypass. (Figure 1) Alternatively, LSA is trans-
posed to the left common carotid artery (LCCA).™ (Figure 2)
Although this technique eliminates the need for a synthetic
graft and does not require secondary central embolization, it
is contraindicated in cases of early take-off of the left vertebral
artery and in the presence of a patent coronary bypass from
the left internal mammary artery. Adopting all these open LSA
reperfusion techniques, an excellent patency rate of >97% has
been described at five years follow-up.'***

Therefore, arises the question whether there is a need
for alternative methods of reperfusion of the LSA. Indeed, in
obese patients, open reperfusion of the LSA becomes tech-
nically demanding and is associated with an increased risk of
local complications, the incidence of which is not negligible;
i.e bleeding, (10-20%), peripheral nerve injury (9-25%) and
lymph leakage, although relatively rare (3-5%), may require
more sophisticated treatment techniques.’>” (Figure 3)

This was realized by the team of Lawrence-Brown in Liv-
erpool, who first described in 2004 the in-situ creation of a
fenestration in a thoracic dacron endograft using the hard tip
of a guide wire and the sequential use of cutting balloons so
that a covered stent could be placed and blood flow to the LSA
could be maintained.*® While in 2009, the team of Frank Arco
from Texas described for the first time the use of an ultravio-
let laser catheter to create a fenestration in a Talent thoracic
endograft and, after balloon dilation, placed an iCast covered
stent in a patient with traumatic thoracic aortic injury.” A re-
cent meta-analysis on the use of laser to create fenestrations
during the endovascular treatment of aortic arch pathologies
identified 6 studies with a total of 247 patients, almost 81% of
whom underwent surgery on an emergency or urgent setting.
The pooled technical success rate was estimated at 98%, the
pooled 30-day mortality rate was estimated at 3.2% and the
pooled estimate for stroke was estimated at 4.5%. Regarding
the mid-term results, a target-vessel patency rate of 100% and
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Table 1: Anatomic requirements for the proximal landing zone of the available thoracic stent-grafts

MANUFACTURER

NAME

PROXIMAL LANDING ZONE
Diameter (mm) Length (mm)

W. L. Gore & Associates Conformable Thoracic Aortic Graft (c-TAG)™ 16-42 >20

Medtronic Valiant Captivia™ 18-42 >20

Cook Medical Zenith Alpha™ 22-42 >20
Terumo Aortic Relay™ 19-42 15-25

Lifetech Scientific Ankura™ 18-44 >15

. 3 [

Figure 1: Left common carotid - left subclavian artery bypass.
A: intraoperative view. B: angiographic view

Figure 2: Transposition of the left subclavian artery. A: intraop-
erative view. B: angiographic view

a reintervention rate of 6% during a median follow-up peri-
od of 12 months was recorded.? The recently published early
results of the multicenter LIFE (Laser In Situ Fesnestrated En-
dograft) confirmed the feasibility of the technique with a peri-
operative mortality and neurologic risk profile that is compa-
rable to standard techniques, but with a modest (9.8% within
15 months) reintervention rate.?*

In 2021, the Fu-through™ in situ needle fenestration sys-
tem in combination with the Fustar™ steerable guided sheath
and the Ankura™ thoracic endograft (Lifetech Scientific, Shen-
zhen, China) were introduced in Europe and received CE mark.
This system allows stabilizing and centralizing the 20G punc-
ture needle, which is designed with 3 puncture depths and is
convenient for 0.018” guidewire to go through and PTA bal-
loon can be used for rapid dilation. In a single-center retro-
spective study on 52 TEVAR patients, an anatomic feasibility
rate of 61.5% (32/52) was found based on the aortic arch mor-
phology. The LSA angulation was identified to be the most im-

Figure 3: Embolisation of the the thoracic duct due to persis-
tent chylous leak after a LCCA-LSA bypass

portant and limiting anatomical constraint.?? The experience
so far, mainly from China, has shown excellent results in terms
of technical success, 30-day mortality and the occurrence of
cerebrovascular events.?*?*’ (Table 2)

Various other techniques for in-situ fenestration of tho-
racic endografts such as the use of recanalization catheters,
or wire connected to electrodiathermy have been suggested.
However, all of them are characterized by a lack of standardi-
zation, a combination of many materials and technologies and
of course the absence of long-term results. Thus, the need for
a standardized endovascular method for reperfusion of the
LSA arises.

The solution to this need aspires to be the single-branch
stent-grafts. Currently available in Europe is the GORE TBE™
(W. L. Gore & Associates, Newark, DE, USA) (MDR CE mark
2024), which is based on the well-known TAG platform and
has a retrograde internal branch for the subclavian artery of
8 mm at a distance of 20 to 25 mm from the central end, a 12
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mm branch at a distance of 40 mm from the central end. It in-
cludes a bridging endograft with diameters of 8 or 12 mm and
a length of 6 cm and an aortic extension of 36 to 46 mm. (Fig-
ure 5) So far, this endograft has been used mainly in the Unit-
ed States of America, where it has been available in clinical
studies since 2014 with excellent results.?*3> (Table 3) How-
ever, it should be noted that, as with all endografts, there is
a limitation of anatomical suitability. In a retrospective single

center study of 210 patients who underwent TEVAR in zone 2,
only 38.1% of patients met the anatomical criteria for a cen-
tral landing zone. The left carotid artery - LSA distance being
the most frequent factor of anatomic suitability violation.3®

The second branched thoracic endograft currently avail-
able in Europe -in a custom-made platform- is the Castor™
(Lombard Medical Limited, in partnership with MicroPort En-
dovastec, Newark UK). It is a PTFE-coated nitinol scaffold en-

Table 2: Published results with the Fu-through™ in situ needle fenestration system

Technical

Follow up (median,

Cerebrovascular

success S0 LRIy events (%) months) S
Fan B, et al. 2024% 43 99.1% 0.9% 0 50 97.7%
Li G, et al. 2024* 115 100% 3.5% 0 31 92.2%
Yu Z, et al. 2024% 68 94.1% 2% 3.1% 29.2 98.5%
Usai M, et al. 2023* 18 94.4% 0 0 1 100%
Shu X, et al. 2022% 51 98.0% 2.0% 4.0% 31 96.0%

Table 3: Published results with the GORE TBE™ stent-graft

Aneurysm

N of enrolled subjects 84
Procedure time (min) 154.5
Contrast use (mL) 139.0

Technical success

Permanent Paraplegia

Disabling Stroke

Type I/IIl EL

30-d Mortality

12-month lesion related mortality
12-month LSA patency

12-month freedom from type /11l EL
12-month-freedom from reintervention
24-month lesion related mortality
24-month LSA patency

24-month freedom from type I/I1l EL
24-month-freedom from reintervention
36-month lesion related mortality
36-month LSA patency

36-month freedom from type I/I1l EL
36-month-freedom from reintervention

77/84 (91.7%)
1/84 (1.2%)
4/84 (4.8%)
8/82 (9.8%)

0/84 (0%)
0/80 (0%)

67/67 (100%)

61/66 (92.4%)

79/80 (98.7%)

0/74 (0%)

51/51 (100%)

46/51 (90.2%)

73/74 (98.6%)

0/40 (0%)

27/27 (100%)

74/82 (90.2%)

39/40 (97.5%)

. . Traumatic  Other isolat-
Dissection . .
transection ed lesion
132 9 13 238
129.0 109.0 142.0 132.5
126.8 74.4 96.1 127.7
129/132 (97.7%) 9/9 (100%) 13/13 (100%) 228/238 (95.8%)
0/132 (0.0%) 0/9 (0%) 0/13 (0%) 1/238 (0.4%)
3/132 (2.3%) 0/9 (0%) 1/13 (7.7%) 8/238 (3.4%)
5/121 (4.5%) 0/9 (0%) 0/13 (0%) 13/225 (5.8%)
2/132 (1.5%) 0/9 (0%) 1/13 (7.7%) 3/238 (1.3%)
3/132 (2.3%) 0/9 (0%) 1/13 (7.7%) 4/234 (1.7%)

96/96 (100%)
92/94 (97.9%)
126/132 (95.4%)
3/132 (2.3%)
61/61 (100%)
117/122 (95.9%)
126/132 (95.4%)
3/132 (2.3%)
25/25 (100%)
117/122 (95.9%)
126/132 (95.4%)

Table 4: Published results with custom-made fenestrated stent-grafts

8/9 (88.9%)
9/9 (100%)
9/9 (100%)
0/9 (0%)
8/9 (88.9%)
9/9 (100%)
9/9 (100%)
0/9 (0%)
8/9 (88.9%)
9/9 (100%)
9/9 (100%)

12/12 (100%)
12/12 (100%)
13/13 (100%)
1/13 (7.7%)
12/12 (100%)
12/12 (100%)
12/12 (100%)
1/13 (7.7%)
12/12 (100%)
12/12 (100%)
12/12 (100%)

183/184 (99.4%)
174/181 (96.2%)
227/234 (97.0%)
4/228 (1.75%)
132/133 (99.2%)
184/194 (94.8%)
220/227 (96.9%)
4/194 (2.0%)
72/73 (98.6%)
212/225 (94.2%)
186/193 (96.4%)

Cook Arch Fen™
International, 6 centres,
2014-2020

n 108
Technical success 107/108 (99%)
In-hospital mortality 4/108 (3.7%)
Stroke 8/108 (7.5%)
rTAAD 3/108 (2.7%)
Follow up (months) 12

EL type I/l 3.5%

Study design

Terumo FentScal Relay™
10 Italian centres

Najuta™ Device
21 Italian centres

2014 - 2022 2018 - 2022
49 76
48/49 (98%) 74/76 (97.4%)

0 1/76 (1.3%)
3/49 (6.1%) 3/76 (3.9%)
0 0

36.3 7
4.2% 2/76 (2.6%)



70 Hellenic Journal of Vascular and Endovascular Surgery | Volume 7 - Issue 3 - 2025

r

-——_
& "
Ankura™ TAA Stent Graft System
- e—

& ?T
) !

Fu-through™ Endovascular Needle System
In-situ Fenestration Device with Fixation Balloon

Fu-star™ Steerable Introducer

Figure 4: Fu-through™ in situ needle fenestration system in combination with the Fustar™ steerable guided sheath and the
Ankura™ thoracic endograft. (Courtesy Lifetech Scientific)
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Figure 5: GORE TBE™single-branch stent-graft (Courtesy W. L. Gore & Associates)

dograft with a single branch 6-14 mm in diameter and 25 or 30
mm in length at a distance of 5 to 30 mm from the central tip.
(Figure 6) The endograft was initially available in China with
the indication of type B aortic dissection. A recent meta-analy-
sisidentified 11 studies with a total of 415 patients.?” Technical
success was recorded at 97.5%, no postoperative strokes were
observed, while the 30-day mortality was almost 1%, while
the patency of the LSA branch at 12 months was found to be
95%. Recently the first experience from Europe was published

with encouraging results.* The second generation of Castor™,
Cratos™, which has a redesigned delivery mechanism with a 2
Fr smaller sheath, was recently put into clinical trials in Europe
and Japan (ongoing CREATION clinical trial).

Alternatives are also currently available as custom-made
stent-grafts: the fenestrated endograft Cook Arch Fen™ (by
COOK, Bloomington, IN, USA), the Najuta™ (by B-Kawasumi
Laboratories, Inc., Kanagawa, Japan) and the Relay™ (by Ter-
umo Aortic, Inchinnan, UK). All 3 endografts have shown high
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technical success rates with a stroke risk of 3.9% to 7.5%.34
However, they set as an anatomical prerequisite the presence
of a 2 cm sealing zone (with diameter <40mm) in the mid-aor-
tic arch, which is not always possible, especially in cases of
type Ill aortic arch. In such cases, it is necessary to shift the
proximal sealing zone centrally, towards the ascending aorta.

71

Thus, branched aortic arch endografts, the Relay™ (by Terumo
Aortic, Inchinnan, UK), Cook Arch Branch™ (by COOK, Bloom-
ington, IN, USA) and the NEXUS™ (by Endospan, Herzlia, Is-
rael) with central sealing zone in the ascending aorta, were
developed. (Figure 7)
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Table 5: anatomical suitability of branched aortic arch endografts

Cook Zenith Arch Branch™ Terumo Relay Branch™  Nexus™
N Double- Branch Triple-Branch 2-Branch
Leone N, et al. J Vasc Surg. 2024 120 52.1% 46.6%
Exelmans W, et al. CVIR Endovascular. 20233 37 40.9%
Benfor B, et al. Eur J Cardio-Thoracic Surg. 2022°*> 90 36% 32% 34%
Burke CR, et al. J Endovasc Surg. 2020*° 27 45%
Smorenburg S, et |. JAHA. 2020°* 110 11.8% 17.3% 13.6%

cluded 28 patients, showed excellent technical success rates
(100%), and extremely low stroke rates (3.6%), but in 29%
of patients a reintervention was necessary at 36 months.*>*
Similarly, a multicenter study on the Terumo Relay branched
endograft, which included 43 patients showed a 30-day mor-
tality of 9%, and 7% disabling stroke rate.*

Regarding the COOK endograft, the version with the 2
branches, the initial experience was rather disappointing with
a technical success of only 84% and a 30-day mortality at 13%
and cerebrovascular accidents at approximately 16%.* These
results were attributed to the required learning curve and, in-
deed, in the following series excellent technical success rates
were observed, as well as acceptable 30-day mortality rates.
However, the risk of stroke remained significant.***’ Recent-
ly, the international experience with the version with the 3
branches was also published. An improvement was found in
terms of the risk of stroke, but the need for secondary inter-
ventions was estimated at 31% during a median follow-up pe-
riod of 3.2 months.*® Interstingly, a recent study from Hamburg
found that the proximal landing zone in the native ascending
aorta is associated with high stroke rates (13.5%, 7.9% major)
and high need for reinterventions (24-month freedom from
rentervention 46.4%).%°

It should, however, be mentionted that the anatomical
suitability of these endografts ranges from 10% to 50%, de-
pending on the population under examination. (Table 5) All of
studies identified the short length (<5cm) and the large diam-
eter (>40mm) of the ascending aorta as the main factors for
limiting the anatomical suitablity.**** Indeed, the presence of
a mechanical aortic valve, the short length of the ascending
aorta and its severe angulation constitute significant challeng-
es for the use of branched aortic arch endografts. Tsilimbaris
et al. proposed the use of a small tip, 35 mm, and its passage
lateral to the metallic leaflet, in order to preserve the func-
tion of the other one in cases of patients with a metallic aortic
valve.* A recently published multicentre experience on these
patients showed excellent technical success rates. However, it
should be mentioned that, the included patients were highly
selected and the participating centers were experienced high
volume aortic centres.>® Moreover, in patients with short as-
cending aorta length, endografts with 3 inverted branches can
be used.”” It should be noted, however, that these endografts
are not readily available to everyone, so in selected cases the
chimney technique, the in-situ fenestration technique or sur-
geon-modified endografts can be applied.

Recently, have been published efforts to expand the prox-

imal landing zone in the aortic root. These are based in the
combination of fenestrated or branched endografts along
with percutaneous aortic valves with encouraging early out-
comes for highly selected patients. Long-term follow-up data
are, however, needed to assess the persistence of the seal and
ongoing durability of this novel technique. >

In summary, the proximal sealing zone represents the most
important factor related to early and long-term results after
TEVAR and ensuring its adequate length is the main challenge.
Several different technologies have expanded the boundaries
of what can be achieved through endovascular techniques
worldwide. While the long-term results of the use of branched
endografts are pending, most technical limitations are being
eliminated and a satisfactory level of technical success has
been noted with F/BTEVAR. However, this comes at the cost
of increased stroke and reoperation rates. Therefore, patient
selection, respecting the anatomical requirements, judicious
choice of the most appropriate device considering the pros
and cons of each system, in a high-volume centre and by an
interdisciplinary team are the keys to minimize complications
and achieve an adequate proximal landing zone.
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A whisper from the past: does plethysmography still have a role in the
contemporary evaluation of peripheral arterial intervention?
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Abstract:

Introduction: Air plethysmography (APG), or pulse volume recording (PVR), is a quantitative, non-invasive method for
assessing arterial hemodynamics by measuring limb volume changes from pulsatile blood flow. Although its venous ap-
plications are well established, its arterial role, especially in revascularization assessment, has not been clearly defined.
This narrative review examined the physiological basis, technical implementation, and clinical utility of APG in evaluating
open and endovascular arterial interventions.

Methods: A narrative literature review of PubMed, Scopus and Web of Science electronic databases (1960-2025) iden-
tified studies describing APG use in intra-operative assessment, post-operative surveillance, or functional evaluation of
peripheral revascularization. Only verified peer-reviewed studies were included.

Results: In open bypass surgery, intra-operative APG provides immediate feedback on graft function and anastomot-
ic integrity, with improved waveform amplitude predicting durable patency. Serial post-operative measurements de-
tect early hemodynamic decline, before clinical or Duplex evidence of failure. After endovascular therapy, APG offers a
functional measure of perfusion improvement, particularly valuable when imaging is limited by calcification. APG also
guantifies post-operative reactive hyperaemia and transient limb oedema, reflecting physiologic reperfusion responses.

Conclusion: APG remains a useful, yet underutilized method for assessing arterial revascularization. By providing repro-
ducible, calcification-independent, and physiologically meaningful data, it complements Duplex ultrasonography and
may re-emerge as a key modality in post-operative hemodynamic surveillance of peripheral arterial intervention.

Key-words: air plethysmography, pulse volume recording, hemodynamics, peripheral arterial intervention, surveillance

INTRODUCTION

Peripheral arterial disease (PAD) is a common manifestation
of systemic atherosclerosis, characterized by progressive
narrowing and occlusion of peripheral arteries, leading to
chronic tissue ischemia, claudication, and in advanced stages,
critical limb-threatening ischemia.! The management of PAD
has evolved substantially over the past decades, moving from
exclusively open surgical bypass to a multidisciplinary ap-
proach, encompassing endovascular, open, and hybrid revas-
cularization techniques.’ These interventions aim to restore
perfusion, relieve symptoms, and prevent limb loss, and their
success is determined by durable patency and sustained he-
modynamic improvement.'?
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Non-invasive hemodynamic assessment constitutes the
cornerstone in the diagnosis and post-operative surveillance
of PAD.*® Accurate evaluation of arterial flow dynamics is es-
sential for quantifying ischemic severity, determining the ad-
equacy of revascularization, and detecting early graft or stent
failure.>? Conventional techniques such as the ankle-brachial
index (ABI) and continuous-wave Doppler waveform analy-
sis remain fundamental tools, but their sensitivity is limited
in cases of arterial wall calcification, multilevel disease, or
post-interventional settings.>* These limitations have prompt-
ed the adoption of complementary modalities, capable of pro-
viding a more direct, physiologic representation of regional
perfusion.?

Air plethysmography (APG), also referred to as pulse vol-
ume recording (PVR), offers a quantitative, non-invasive meth-
od for assessing arterial hemodynamics, through the meas-
urement of limb volume changes induced by pulsatile blood
flow.> The technique records pressure variations within an air-
filled cuff that encircles the limb segment, generating charac-
teristic waveforms that reflect arterial compliance, peripheral
resistance, and inflow dynamics.>® Since its introduction in the
1970s, APG has been employed both intra-operatively, where
it can verify restoration of distal pulsatility after revasculariza-
tion, and post-operatively, as a reproducible tool for non-inva-
sive monitoring of perfusion recovery.”® Although its clinical
use is dominated by its venous applications, the growing em-
phasis on objective functional assessment have reawakened
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interest in its role for evaluating outcomes following open and
endovascular arterial interventions.®

The aim of this narrative review was to provide a compre-
hensive and critical appraisal of the role of APG in the evalua-
tion of peripheral arterial interventions. Specifically, it sought
to elucidate the physiological principles of APG, its technical
applications in both open and endovascular arterial recon-
struction, and its value in assessing procedural success and
long-term hemodynamic outcomes. By summarizing evidence
from historical and contemporary studies, this review aimed
to define the diagnostic accuracy, and prognostic implications
of APG-derived parameters, such as waveform amplitude, in
relation to graft and stent patency, re-intervention rates, and
post-operative limb edema, therefore, highlighting its con-
temporary role within the context of modern vascular imaging
and hemodynamic arterial assessment.

METHODS

A comprehensive narrative review of the literature was con-
ducted on the use APG in the evaluation of peripheral arteri-
al interventions. An extensive, electronic search strategy was
applied to PubMed, Scopus, and Web of Science databases,
focusing on studies published between 1960 and 2025. The
search strategy used various combinations of the following
keywords: “air plethysmography”, “pulse volume recording”,
“peripheral arterial disease”, “bypass surgery”, “angioplasty”,
“endovascular”, “hemodynamic monitoring”, and “limb perfu-
sion”. The last search was run on 14 October 2025. Only arti-
cles published in English and indexed in peer-reviewed jour-
nals were included. Eligible studies were those reporting orig-
inal clinical data, intra-operative or post-operative plethysmo-
graphic assessments, or methodological advancements rele-
vant to arterial hemodynamics. Publications restricted solely
to venous plethysmography were excluded. Additional refer-
ences were identified through manual screening of bibliogra-
phies from relevant articles, with cross-referencing to original
reports whenever possible. Data were synthesized narratively
to highlight physiologic principles, intra- and post-operative
applications, and comparative outcomes across open and end-
ovascular interventions. No formal quantitative meta-analysis
was performed, given the heterogeneity of methodologies,
outcome measures, and study designs.

Principles and technical aspects of APG

APG quantifies changes in limb segmental volume by detect-
ing pressure variations within air-filled cuffs positioned cir-
cumferentially around the extremity.> These cuffs are connect-
ed to sensitive transducers, that record minute fluctuations in
air pressure, corresponding to volumetric changes, typically in
the range of 75-400cm?, induced by arterial pulsations during
the cardiac cycle.” The resulting waveform, commonly referred
to as PVR, reflects the dynamic relationship between arterial
inflow, vascular compliance, and peripheral resistance.®

Characteristic waveform morphology provides qualitative
and quantitative information on the severity of arterial ob-
struction.®®1° A triphasic contour represents normal arterial

compliance and unobstructed flow, while a biphasic configura-
tion indicates reduced elasticity or moderate proximal steno-
sis.®*1% A monophasic or flattened waveform denotes severe
inflow limitation or distal perfusion deficit, often associated
with critical limb ischemia.®*!° In clinical practice, segmental
measurements are typically performed at standardized levels
- thigh, calf, ankle, and foot - to delineate the anatomical level
of disease, and to monitor post-operative hemodynamic im-
provement.’1°

Because APG assesses pulsatile volume change rather
than static pressure, it remains unaffected by arterial wall cal-
cification and non-compressibility, that can compromise the
accuracy of ABI measurements.”*! This renders the method
particularly valuable in patients with diabetes mellitus, chron-
ic kidney disease, or medial arterial calcinosis, where conven-
tional ABI is often unreliable.? Beyond its diagnostic capac-
ity, the reproducibility and quantitative nature of APG make
it a useful adjunct in both intra-operative and post-operative
monitoring of lower limb revascularization.®*°

Historical role in open arterial surgery

The earliest clinical applications of APG were closely associ-
ated with open arterial surgery, where the method served as
a real-time hemodynamic monitoring tool.® Intra-operative
plethysmographic recordings provided immediate, objective
assessment of graft patency and distal perfusion following ar-
terial reconstruction, long before the widespread availability
of Duplex ultrasonography.>4

Griffin et al® conducted one of the seminal studies on
intra-operative segmental plethysmography, analyzing 156
vascular operations, that included femoropopliteal and fem-
orodistal bypasses, as well as endarterectomies. Restoration
of a normal pulsatile waveform immediately after graft or en-
darterectomy closure predicted durable post-operative paten-
cy in 94% of limbs, while the absence of pulsatility correlated
strongly with technical failure requiring immediate revision.
These early data underscored the value of waveform mor-
phology as a sensitive indicator of flow restoration and anas-
tomotic adequacy.®

Baird et al'* subsequently expanded on these findings in
a series of 83 limbs undergoing femoropopliteal or femoro-
distal bypass procedures. Mean pulse amplitude increased
from 4.5mm prior to revascularization to 18mm post-recon-
struction, quantitatively confirming improved perfusion. Im-
portantly, intra-operative waveform deterioration identified
with an accuracy of 86% graft or distal anastomotic defects
in 11% of cases, all of which were corrected before wound
closure, thus preventing early graft failure. When APG is used
in addition to traditional angiography, the diagnostic accuracy
improved to 95%.° These results established intra-operative
APG as an effective adjunct to Doppler ultrasonography, par-
ticularly in distal reconstructions, where even subtle technical
errors could jeopardize long-term graft success.'

In the post-operative setting, segmental plethysmogra-
phy was adopted as a non-invasive tool for early detection of
graft dysfunction.?® Studies from the 1970s and 1980s demon-
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strated that an increase in waveform amplitude greater than
25% at the calf or thigh level following bypass correlated with
successful revascularization and improved ankle systolic pres-
sures.'®'” Conversely, progressive amplitude reduction or de-
layed systolic upstroke during follow-up was found to precede
graft stenosis, often weeks before clinical symptoms emerged,
or before it got angiographically confirmed.'®* These obser-
vations highlighted the prognostic value of plethysmographic
waveforms as early indicators of hemodynamic compromise,
and provided the foundation for integrating APG into long-
term graft surveillance protocols.”*°

Modern application in endovascular interventions

The rapid expansion of endovascular therapy, including per-
cutaneous transluminal angioplasty, stent implantation, and
atherectomy, has created a growing need for accurate, repro-
ducible, and non-invasive methods to evaluate procedural effi-
cacy and long-term hemodynamic improvement.?2! Although
Duplex ultrasonography remains the reference standard for
post-intervention assessment, APG offers distinct physiolog-
ical insights.”* Unlike Doppler imaging, which provides local-
ized velocity measurements at discrete arterial sites, APG re-
flects the cumulative hemodynamic effect of revascularization
on distal perfusion and overall limb compliance.?* This global
perfusion assessment could complement imaging-based mo-
dalities by quantifying the functional improvement in limb
blood flow.'® However, the literature around the use of APG/
PVR for assessment and surveillance of endovascular inter-
vention is scarce.

In a prospective evaluation of 120 limbs treated with in-
fra-inguinal angioplasty, McPharlin et al?® demonstrated that
pulse volume waveforms improved following technically suc-
cessful interventions, whereas limbs with suboptimal angio-
graphic results showed minimal or no change in amplitude.
However, these findings were not significant, and the authors
noted that absolute waveform amplitude alone was less
predictive of long-term patency than Doppler-derived peak
systolic velocity ratios. Moreover, in the context of stent sur-
veillance, preservation or further enhancement of waveform
amplitude and contour stability has been correlated with sus-
tained luminal patency, whereas waveform flattening or am-
plitude attenuation frequently precede Duplex-detected in-
stent restenosis.?** However, the broader integration of APG
into routine endovascular surveillance has been limited by the
absence of standardized criteria for waveform interpretation,
and the lack of comprehensive normative datasets. This em-
phasizies the complementary, rather than substitutive, role of
APG in the endovascular era.”®

Comparative patency outcomes: open vs endovascular

When comparing the use of APG across open and endovas-
cular revascularization strategies, several hemodynamic and
clinical outcome domains warrant consideration, including pa-
tency, re-intervention rates, and post-operative limb volume
dynamics.’® In open arterial reconstructions, intra-operative
APG has consistently demonstrated a strong predictive rela-
tionship with early graft patency.’*'* Restoration of a normal

or near-normal waveform at the time of graft completion cor-
relates with durable hemodynamic success, while persistent
waveform attenuation frequently indicates technical error or
residual inflow obstruction.’*!* In contrast, although endo-
vascular interventions show a similar directional correlation,
the strength of this association is often attenuated due to
confounding factors, such as distal microvascular resistance,
recoil, or uncorrected outflow disease.?*> Some studies have
suggested that an increase in PVR amplitude exceeding 30%,
immediately after the procedure, predicts superior primary
patency at 12 months.?®?” However, these findings remain pre-
liminary and require validation in larger prospective cohorts.

Post-operative limb hyperemia and oedema

Post-operative limb edema represents another important
but often underappreciated domain in which APG provides
unique insights.?® Following arterial revascularization, the
limb undergoes dynamic hemodynamic and microvascular
adjustments.” Restoration of arterial inflow induces reactive
hyperaemia, characterized by transiently increased perfusion
driven by ischemic vasodilation, accumulation of vasodilato-
ry metabolites, and increased capillary permeability.>® APG,
through real-time quantification of limb volume changes,
provides a sensitive, non-invasive measure of this hyperae-
mic response.’® Early post-operative recordings typically show
marked increases in pulse amplitude and baseline limb vol-
ume, reflecting both restored inflow and microvascular reac-
tivity.?>*? Serial APG measurements after open bypass demon-
strate limb volume increases of 5-8% during the first postop-
erative week, with gradual normalization as venous drainage
adapts.?3? This transient swelling generally corresponds to
successful revascularization, whereas persistent or progres-
sive edema, particularly if accompanied by reduced waveform
amplitude, may indicate venous outflow obstruction or reper-
fusion injury.’**>

Endovascular interventions are typically associated with
smaller and shorter-duration postoperative volume increase,
likely due to reduced tissue dissection, preservation of lym-
phatic pathways, and lower inflammatory response.** By
concurrently monitoring arterial pulse amplitude, waveform
contour, and total limb volume, APG could provide compre-
hensive insight into both macrovascular inflow restoration
and microvascular reperfusion dynamics.’® Unfortunately,
there are no studies focusing on hemodynamic assessment of
post-operative leg edema with APG, following endovascular
peripheral intervention.

Beyond serving as a sensitive marker of arterial patency,
APG offers valuable information on postoperative tissue phys-
iology, enabling differentiation between expected hyperaemic
responses, benign edema, and pathologic perfusion abnor-
malities.** By integrating both perfusion and volume met-
rics, plethysmography provides a more comprehensive eval-
uation of procedural efficacy and limb recovery.** Following
successful revascularization, reactive hyperaemia produces a
transient rise in pulse amplitude and a brisk systolic upstroke,
reflecting restored inflow and vasodilatory response.!*'#%
In contrast, benign postoperative edema manifests as a sus-
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tained increase in baseline limb volume with preserved wave-
form contour, representing transient capillary leakage and
lymphatic adaptation rather than arterial compromise.'*!42
Conversely, pathologic perfusion abnormalities, such as graft
stenosis or in-stent restenosis, are characterized by persis-
tent amplitude reduction, delayed upstroke, and waveform
flattening, often preceding clinical or Duplex-detected dete-
rioration.''#?* Future studies integrating APG-derived volume
metrics with biochemical or imaging markers of microcircula-
tory function may further elucidate the complex interactions
between revascularization and tissue recovery.

Integration of APG in modern clinical practice

In contemporary vascular practice, APG serves as a valuable
adjunctive rather than primary diagnostic modality for the
evaluation of peripheral arterial interventions.”*** During
open bypass surgery, intra-operative APG provides immedi-
ate, objective confirmation of technical success by document-
ing the restoration of pulsatile flow and quantifiable hemod-
ynamic improvement across reconstructed segments.’**° This
real-time feedback allows intra-operative correction of resid-
ual defects, complementing duplex and intraoperative flow
assessments.’>* In endovascular procedures, APG functions
as a global physiological assessment tool, offering whole-limb
perfusion insight when duplex ultrasonography is inconclusive
or technically limited by heavy arterial calcification, deep ves-
sel location, or acoustic shadowing.?*?®

Incorporating standardized APG protocols into structured
post-intervention surveillance pathways could enhance early
recognition of hemodynamic deterioration preceding overt
graft or stent failure.®'%'?! Several studies have already been
mentioned demonstrating that waveform amplitude decline
and loss of triphasic flow often precede symptomatic resteno-
sis or ABI reduction, emphasizing the role of APG as an early
warning signal for re-intervention.'**¢ Such proactive monitor-
ing has the potential to improve long-term patency and limb
salvage outcomes.’**® As the demand grows for objective,
reproducible, and cost-effective follow-up modalities, particu-
larly in elderly, diabetic, and multimorbid PAD populations,
APG may regain a central position within multimodal hemo-
dynamic assessment frameworks, complementing Duplex ul-
trasonography, ABI, and imaging-based surveillance after both
open and endovascular arterial reconstruction.

Future perspectives

Recent technological advances have transformed tradition-
al APG into sophisticated, digital hemodynamic monitoring
systems, capable of multi-segmental data acquisition and
automated waveform analysis.*®> Modern devices employ
high-resolution pressure transducers and digital signal pro-
cessing to improve sensitivity, reduce operator dependency,
and enable precise temporal and amplitude quantification of
arterial waveforms.*® Segmental and multi-level recordings
now allow a more detailed hemodynamic assessment of ar-
terial inflow and outflow dynamics, complementing Duplex
ultrasonography.>®> Emerging research explores the fusion of
APG with near-infrared spectroscopy and photoplethysmog-

raphy to provide simultaneous macro- and microcirculatory
assessment.*® In parallel, machine-learning algorithms trained
on plethysmographic waveform datasets have demonstrated
the potential to identify restenosis and hemodynamic deterio-
ration with high diagnostic accuracy.?” Although these systems
remain in the developmental phase, their philosophy suggests
a transition from descriptive waveform interpretation to da-
ta-driven, precision hemodynamic monitoring, amplified by
machine-learning-enhanced analysis, thus positioning APG as
a valuable adjunct in the future of vascular diagnostics.>’

Limitations

The primary limitation of this review lies in the heteroge-
neity of available data. Published studies on APG in arterial
reconstruction span more than five decades, encompassing
diverse devices, calibration methods, and waveform analysis
techniques, which limit direct comparison and pooled inter-
pretation. Many early studies predate modern imaging and
lack standardized outcome reporting or objective validation
against reference modalities, such as Duplex ultrasonography
or angiography. In addition, small sample sizes and retrospec-
tive designs predominate in the existing literature, with few
prospective investigations assessing APG as a predictive sur-
veillance tool. The absence of standardized diagnostic thresh-
olds and normative datasets further constrains the generaliza-
bility of findings. Finally, current evidence remains preliminary
and requires validation in contemporary patient cohorts with
standardized post-intervention follow-up protocols.

CONCLUSION

APG remains a robust, non-invasive physiological tool ca-
pable of providing quantitative insights into arterial inflow,
waveform morphology, and limb perfusion dynamics after
revascularization. It offers valuable complementary data to
conventional imaging modalities, facilitating intra-operative
verification of technical success, early detection of hemody-
namic deterioration, and functional assessment of tissue rep-
erfusion. Its ability to simultaneously capture macrovascular
and microvascular adjustments, such as reactive hyperemia
and transient post-operative edema, underscores its physio-
logical relevance beyond simple patency assessment. Despite
historical underutilization, renewed technological advances,
position APG/PVR for a potential resurgence in modern vascu-
lar practice. Standardization of acquisition protocols and val-
idation of predictive metrics will be key to defining its future
role within multimodal surveillance strategies after peripheral
arterial intervention.
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Abstract:

Maintaining the lifespan of a vascular access (VA) is of paramount importance especially for end-stage renal disease pa-
tients. Any revision operation is an integral part of VA expertise, and in this regard any description of dedicated surgical
or endovascular solution is of value. This case refers to the conversion of a purely prosthetic VA (loop antebrachial shunt)
to a composite one, un-recruiting the outflow deep vein system of the lower arm and creating a different venous drain-
age pathway using a newly created superficial vein vessel. This technique incorporates the use of a new PTFE segment
“looking” downwards to the antebrachial level, resembling a “snail” configuration of the whole circuit.

Key words: AV fistula, prosthetic grafts, dialysis access, techniques in vascular access, revision procedure

INTRODUCTION

The arteriovenous communication generates a large pressure
gradient between the high-pressure, inflow artery and the
low-resistance outflow vein, deviating an increased flow vol-
ume through the fistula, because of the bypassed resistance
of the peripheral capillary bed.! We noticed in selected pros-
thetic lower or upper arm vascular access (VA) cases that de-
spite superficial outflow vein thrombosis the circuit continues
its functionality through the deep vein system especially when
the initial vein anastomosis incorporates large perforating
branches. In this occasion, the deep vein network decreases
its resistance when the vein valves become gradually incom-
petent. However, this diversion of blood flow enables primary
or secondary superficial veins, initially of suboptimal diameter
to dilate, contributing to the total vein blood proximal out-
flow. From a practical point of view, these newly created veins
could be used in future dedicated revision operations extend-
ing the VA lifespan. We describe the “snail” technique revising
a failing antebrachial loop graft with thrombosis of the out-
flow basilic vein but draining to multiple deep vein branches,
in which the vein anastomosis was relocated distally to a new-
ly created large superficial antebrachial vein. This facilitation
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of its drainage, from the deep to superficial vein network was
performed using a new PTFE portion in a retrograde direction,
achieving a “snail” circuit configuration.

CASE AND TECHNIQUE DESCRIPTION

M.Y. is a 76 year old female patient with past medical histo-
ry of diabetes mellitus, hyperlipidemia and moderate aortic
valve stenosis. She was on hemodialysis program through an
antebrachial short loop shunt on the left side for the last 34
months. Renal physicians requested a venography because of
evidence of high venous pressures during dialysis, although
a satisfactory thrill was detected at clinical examination. The
patient complained for intermittent rest pain due to the pres-
ence of a moderate lower arm edema. Primary patency of
the loop shunt was 25 months and initial vein outflow was
through the elbow basilic vein.

Surprisingly, the fistulogram at the level of the elbow re-
vealed basilic vein occlusion however, blood outflow was now
diverted to the deep antebrachial vein system through a large
perforating brach. Furthermore, no central vein lesion was de-
tected (Fig. 1A). An unexpected finding was the presence of
a large antebrachial superficial branch, possibly receiving the
blood flow from the high flow graft fistula, through the deep
veins.

The latter branch showed continuity with the cephal-
ic vein above elbow (Fig. 1B). This new superficial vein net-
work was not present at the primary operation. To rescue this
long-standing VA before thrombosis occurs, we performed a
novel but simple technique, we called “snail” procedure. In-
stead of extending the vein limb of the PTFE to the brachial
cephalic vein in an antegrade fashion we choose to extend
retrograde to the antebrachial superficial branch, at its most
distal dilated point, in order to considerably increase the
puncture area. The latter would include a long vein compo-
nent (Fig. 2). This facilitation of its drainage from the deep to
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FIGURE 1: A. Venography of the left arm at the level of the elbow. Note the diversion of blood flow to the deep and subse-
quently to the superficial vein network. The initial arteriovenous graft loop is rather short B. Schematic representation of the
venogram (A: graft arterial limb, V: graft vein limb, PTFE: polytetrafluoroethylene).

FIGURE 2: A. The “snail” operation: The new inserted PTFE portion “looks” antegrade, ending to the large superficial ante-
brachial vein vessel B. Schematic representation of the procedure. Note that the previous vein anastomosis is interrupted,
un-recruiting the outflow deep vein system of the lower arm and creating a different venous drainage pathway C. The new vein
anastomosis was performed at the antebrachial superficial mature branch, at its most distal dilated point, in order to consider-
ably increase the puncture area.

superficial vein network using a new PTFE portion in a “snail”  the need of a central venous catheter (CVC). The “snail” con-
circuit configuration enabled us to increase the lifespan of the  figuration resembles to the loop antebrachial “semi-shunt” or
arm regarding the available sites for VA construction. Further-  “semi-graft” we described earlier, utilizing a PTFE segment as
more, most of the old PTFE portion of this “snail” configura- the arterial limb and a long cephalic vein segment as the vein
tion can be punctured immediately for hemodialysis without limb (semi-loop forearm composite graft). Their difference is a
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longer PTFE portion (three halves) and a vein anastomosis ori-
ented towards the distal vein network (antegrade direction).
Furthermore, un-recruit of the outflow deep vein system of
the lower arm and creation of a different venous drainage
pathway takes place.

It is obvious that the previous vein anastomosis is inter-
rupted, and the new PTFE portion anastomosed in an end-to-
end fashion with the old PTFE segment. Definitely, several oth-
er revision options arose for this interesting and complex case.
Firstly, a mid-antebrachial autogenous fistula or secondly, an
elbow brachial-cephalic fistula could be performed, without
interrupting the PTFE graft circuit and without requirement
for a CVC. However, these autogenous options render the
PTFE graft in danger of thrombosis while awaiting the vein to
further mature adequately. Another option is to extend the
vein limb of the previous PTFE to the cephalic vein at elbow
level using a short PTFE in horizontal position (POLO opera-
tion), however, this solution would sacrifice the whole ante-
brachial cephalic vein and few cm of brachial cephalic vein,
even if again a CVC would not be necessary. Preserving the
antebrachial vein outflow in the POLO operation and obtain
more cm of puncture area would require a supplementary
procedure (destroying the vein valves using a valvulotome to
obtain retrograde blood flow) but the high possibility of ante-
brachial edema should not be overlooked.

Preservation of veins is an integral part of the VA plan re-
ported in the latest DOQI guidelines.? We managed to do this
preserving proximal VA options while transferring the previ-
ous VA version to a distal one. This technique can be applied in
prosthetic failing VA’s, when vein flow is diverted to the deep
circulation and simultaneously a superficial and of good calib-
er distal vein is present. Preferably, the latter should have a

long, not deep and continuing path above the elbow.

VA operations like the “snail” procedure need experience
and preferentially should be performed by VA surgeons.>* Any
revision procedure extending the VA lifespan and more impor-
tantly lower and upper arm lifespan, is of value. This practice
although simplistic, was sound, and enabled the conversion
of a purely prosthetic VA to a composite one, with obvious
benefits. In contrary to the “distal to proximal, step by step
approach”, we applied the reversed rule, with the next step
to the antebrachial area instead of the brachial area. So far,
we perform the “snail” procedure in 3 patients. We had one
thrombosis 14 months after revision, which was treated ex-
tending the PTFE after thrombectomy, few cm proximally to
the same outflow vein.
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Abstract:

Patients with Popliteal Artery Aneyrysm (PAA) may present, quite often, with Acute Limb Ischaemia (ALI) and despite treat-
ment the risk of amputation remains high due to compromised run-off vessels. Sufficient evidence regarding the tech-
niques to improve the run-off vessels in acute settings remains scarce with literature being inconclusive so far. Herein, we
report a case of ALl on the background of PAA which was treated in a stepwise approach. The PAA was initially excluded by
open repair through a posterior approach followed by run-off vessel restoration through a combination of endovascular
techniques. Procedure was successful and highlights the importance of research of the new available techniques through

a multidisciplinary team.

Keywords: Acute Limb Ischaemia, Popliteal Artery Aneurysm

INTRODUCTION

A significant proportion of patients with Popliteal Artery An-
eurysm (PAA) may present acutely with limb ischaemia. Given
the acute settings, the compromised run-off vessels and the
absence of robust data from well-controlled studies to sup-
port the decision making, the current pathology remains de-
manding. Herein, we report a case of Acute Limb Ischaemia
on the background of PAA (ALI-PAA) which was treated in a
staged manner by combining open surgery and endovascular
techniques. Informed consent was obtained from the patient
before publishing images and history; therefore, approval by
the institutional review board was waived.

CASE PRESENTATION

A 75-year-old female patient with 24-hours complaints of pain
and numbness in her Right Lower Limb (RLL), presented initial-
ly in a district hospital. Duplex Ultrasound Scan (DUS) revealed
a right-hand side PAA with parietal thrombus and absence of
doppler signal in her tibial vessels distally; therefore, the pa-
tient was immediately transferred as a case of ALI-PAA. Upon
presentation, a pale, slightly oedematic RLL with pulsatile mass
in the popliteal fossa was noticed. Patient referred impaired
sensory at least up to her malleoli and mild muscle weakness
affecting her toes. Monophasic arterial doppler signal was lim-
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ited respectively to peroneal. Patient denied any symptoms
of intermittent claudication or swelling, in the past. She had a
palpable Dorsalis Pedal artery (DP) in her contralateral leg and
her past medical history was significant for Atrial Fibrillation
(AF) under oral anticoagulation, dyslipidemia and epileptic
seizures. Smoking was successfully ceased five years ago. An
urgent Computed Tomography Angiography (CTA) revealed a
right-hand side PPA of 4.6cm maximum diameter with mural
thrombus. Ipsilateral tibial arteries were patent at the origin.
Although there was a beaded appearance distally with sites of
occlusion, DP reconstituted through a collateral network (Fig-
ure 1). A contralateral PPA was also present with a diameter
of less than 2cm. Following an initial 801U/Kg intravenous (1V)
bolus dose of Unfractionated Heparin (UFH), a maintenance
dose of UFH at 181U/Kg/Hr was provided through an IV infu-
sion targeting activated partial thromboplastin time (aPTT) of
46-70sec. Target was achieved through dose adjustments and
despite of absence of any significant improvement 24 hours
later, UFH pump was ceased and the patient was submitted
under general anaesthesia to open repair of her right PPA.
Through posterior approach, PPA was exposed, consequently
cross-clamped and interposition of 8mm expanded polytet-
rafluoroethylene graft (PROPATEN®, W. L. Gore & Associates,
Flagstaff, AZ, USA) was applied successfully. Upon completion,
monophasic peroneal arterial Doppler signal was still present
with no significant change in sensory and motor examination.
On the first post-operative day parenteral anticoagulation
treatment was restored with the plan for adjunctive endovas-
cular procedure. On the second postoperative day, under local
anaesthesia, the right common femoral artery was punctured.
Diagnostic digital subtractive angiography revealed the patent
graft and progressively occluded and thready tibial vessels
reflecting the preoperative CTA with distal reconstitution of
the pedal arch (Figure 2). The anterior tibial artery was en-
gaged and crossed, reaching distally to DP. Vessel preparation
was performed by Stealth 360® Orbital Atherectomy (Cardi-
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Figure 1. Preoperative Computed Tomography Angiography (CTA) of the Right Lower Limb (RLL). a) On a sagittal plane, white
arrow shows the progressively occluded Anterior Tibial Artery (ATA) with beaded appearance and multifocal calcified plaques b)
On a sagittal plane, red arrow shows the irregular popliteal lumen due to extensive mural thrombus of the aneurysm. Yellow ar-
row shows the posterior tibial and peroneal artery with appearance similar to ipsilateral ATA. c) Three-dimensional reconstruc-
tion where the green arrow shows the distal thready reconstitution of ATA through the collateral network d) Three-dimensional

reconstruction where the orange arrow shows the severe angulation of the distal popliteal artery due to aneurysm formation.
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Figure 2. Diagnostic Digital Subtractive Angiography (DSA) of the RLL, on the second postoperative day, following open repair
of the popliteal aneurysm through posterior approach. a) White arrow shows the patent interposition synthetic graft. C) Yellow

arrow shows the patent trifurcation’s orifices. c) Purple arrow shows the reconstitution of dorsalis pedis (DP) and incomplete
pedal arch through collateral.
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Figure 3. Percutaneous Transluminal Angioplasty (PTA) following the diagnostic DSA of the RLL. a) Black arrow shows balloon
angioplasty of proximal ATA b) White arrow shows balloon angioplasty of distal ATA c) Yellow arrow shows balloon angioplasty
of the mid-distal ATA d) Pink arrow shows the balloon angioplasty of superficial femoral artery at the level of Hunter’s canal.

Figure 4. Completion angiography of the RLL following PTA. a) Improved inflow and brisk flow through the interposition graft. b)
Restored perfusion of the ATA c) Sufficient opacification of DP and pedal arch.
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ovascular Systems Inc., St. Paul, MN,) through the 1.25mm
Micro Crown. Subsequently treatment was applied through
balloon angioplasty by 3x22mm Ultraverse 014 (BD Inter-
ventional, 3rd Street Tempe, AZ, USA) as well as 2.5x100mm
Coyote™, (Boston Scientific, Marlborough, MA, USA) (Figure
3a,3b,3c). Eventually, as the improvement of the inflow was
succeeded by balloon angioplasty (6x40mm Passeo-18, Bi-
otronik AG, Bulach, Switzerland) aiming at a significant local
stenosis at the level of Hunter’s canal (Figure 3d), the com-
pletion angiography revealed brisk flow to the DP (Figure 4).
Clinical examination was significant for a palpable right DP.
Although numbness and motor deficit of toes persisted there
was no evidence supporting compartment syndrome. Given
the history of AF, oral anticoagulation was reinstituted with a
3-month addition of Clopidogrel 75mg. The patient gradually
convalesced uneventfully and regained complete function. At
3 months follow-up, patient denied any limb-relating symp-
toms, the graft was patent on Duplex Scan with palpable DP.
Surveillance at 6months interval will continue, monitoring her
contralateral PPA.

DISCUSSION

PAA has been reported as a rare disease, albeit the most com-
mon peripheral aneurysm. In almost 30 percent of the cases
the presentation may be acute with symptoms of thrombo-
sis and despite treatment the risk of amputation is reported
as high as 14%?. The reason of the acute limb ischaemia may
be the PAA thrombosis or distal embolisation or combination
of them. Given the extensive mural PAA thrombus, the di-
minished collateral and the occupied tibial arteries through
chronic distal embolization, the caused ALI may be severe and
very challenging to treat specially in acute and out-of-hours
settings?. In our case a narrow lumen inside the PAA of the
affected limb was preserved upon presentation. However,
the distal tibial arteries had been progressively packed with
emboli in combination with multifocal calcified stenoses
which in fact “helped” to preserve the pedal arch. A recent
Vascunet report, showed that there is significant variability
in the approach of PAA3 calling the physicians to reconsider
the endovascular repair (ER). Beuschel et al. conducted a sys-
tematic review and metanalysis of treatment and natural his-
tory of PAAs showing that open repair (OR) is more durable
than ER®. Based on that study the Society of Vascular Surgery
(SVS) published guidelines® dedicated to PAAs were although
they do not recommend against ER, as the European Society
of Vascular Surgery did with the guidelines on ALI®, they rec-
ommend that the management of ALI-PAA should be based
on the severity of ALl on presentation. More specifically, SVS
recommend thrombolysis or pharmacomechanical interven-
tion (PMI) to improve the runoff vessels for patients with mild
or moderate ALl (Rutherford | and Ila) and prompt OR or ER
with adjunctive thromboembolectomy (TEE) or PMI for se-
vere ALl (Rutherford Ilb). There is a controversy in literature
regarding the preoperative thrombolysis (PT) with Kropman
et al reporting no significant benefit on amputation rate by
analysing data of 895 ALI-PAA cases! and on the other hand
Ravn et al. reported significantly better results for PT on 235

ALI-PAA patients; however both of these studies lack of data
regarding the severity of ischaemia. More recent studies fo-
cusing on the intraoperative thrombolysis (IT) during OR in
ALI-PAA showed improved outcomes’®. The complexity of the
ALI-PAA management is reflected in the compromised run-off.
In our case, a potential tibial TEE through medial approach
would cause more damage than outflow restoration given the
beaded, calcified appearance as well as the size of the vessels.
On the other hand, given the thrombotic burden of the PAA,
any endovascular intervention prior to aneurysm exclusion
would pose the risk of further embolic events’. Therefore, we
chose the posterior approach to exclude the aneurysm with
the least insult and on a second stage improve the outflow
through endovascular approach. Any potential delay between
the stages would have risked the bypass, hence a good col-
laboration in a multidisciplinary team is crucial. As far as we
are concerned, this is the first report in English literature of a
staged approach to treat ALI-PAA, where initial OR excluded
the PAA and subsequently endovascular techniques safely re-
stored the run-off.

CONCLUSION

Treatment of ALI-PAA may be challenging. Versatility and great
collaboration in a multidisciplinary team provide the best out-
come.
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Background-Aims: Patients with concomitant carotid and coronary artery disease face a
surgical dilemma, with ongoing debate over whether CABG alone or concurrent carotid
endarterectomy (CCC) offers better outcomes. Conflicting evidence has led to weak ACCF/
AHA guidelines (Class lla/b, Level C), reflecting the lack of high-quality data. While some
studies suggest CCC reduces stroke risk, others report increased perioperative morbidity
without a survival benefit. Our meta-analysis aims to clarify these uncertainties and guide
surgical decision-making.

Methods: A thorough search of the literature was conducted in PubMed, Scopus, and Co-
chrane Library to identify randomised controlled trials and propensity matched studies in-
volving patients with concurrent coronary and carotid artery disease who underwent either
isolated CABG or CCC. Pooled statistical analyses, including odds ratios (OR) and mean dif-
ferences (MD) with 95% confidence intervals, were performed using RevMan 8.13.0.

Results: A total of five studies, encompassing 23,916 patients, were included, with 29%
undergoing CCC. CCC was associated with a significantly higher incidence of stroke com-
pared to CABG alone [OR 1.47; 95% Cl 1.07-2.00; p = 0.03; 12 = 17%], indicating an increased
perioperative neurological risk. However, 30-day mortality did not differ significantly be-
tween the two groups [OR 1.23; 95% Cl 0.33-4.56; p = 0.68; |12 = 85%]. Similarly, there were
no significant differences in major adverse cardiovascular events (MACE) [OR 1.10; 95% ClI
0.49-2.51; p = 0.75; 12 = 91%], myocardial infarction (MlI) [OR 0.93; 95% Cl 0.17-5.06; p =
0.87; 1> = 23%, or hospital length of stay [MD 1.85 days; 95% Cl -11.91 to 15.61; p = 0.34; I
=93%].

Conclusion: Our findings suggest that while combined revascularisation may not confer
a mortality benefit or reduce cardiovascular complications, the elevated stroke risk war-
rants careful patient selection. Given the lack of clear survival benefit, further high-quality
randomised controlled trials are needed to refine surgical guidelines and optimise patient
outcomes.
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THE POST-IMPLANTATION SYNDROME AND ITS OUTCOME AFTER ELECTIVE
ENDOVASCULAR REPAIR OF ABDOMINAL AORTIC ANEURYSM WITH THE NEWEST 4TH
GENERATION DEVICES
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Background-Aim: Postimplantation syndrome (PIS) is a systemic inflammatory response oc-
curring in the early phase after endovascular repair for abdominal aortic aneurysm (AAA).
The aim of the study is to evaluate the inflammatory response and its outcome after elec-
tive standard endovascular repair of abdominal aortic aneurysms (EVAR) with newer-gen-
eration devices.

Methods: Consecutive patients undergoing standard EVAR were included in the study from
August 2024 to March 1, 2025. Patients with perioperative infection, cancer, autoimmune
disease, and those receiving long-term anti-inflammatory medications were excluded. Epi-
demiological characteristics, comorbidities, temperature, white blood cell count, C-reactive
protein (CRP), platelet count, serum interleukin IL-6 concentration, creatinine, urea, and
coagulation parameters (INR, PT, APTT, fibrinogen) were measured preoperatively, 24, and
48 hours postoperatively. To analyze changes in biomarker levels and assess the potential
impact of endograft type, pairwise differences between time points and post-hoc pairwise
comparisons were performed using Bonferroni correction to control for multiple compari-
sons, ensuring a more conservative estimate of significance.

Results: The study included 63 consecutive patients. The type of endograft implanted was
Ankura-Lifetech: 13, Treovance-Bolton: 10, Excluder-Gore: 9, AFX-Endologix: 5, Zenith-Cook:
4, Endurant-Medtronic: 4, Alto-Endologix: 4, Incraft-Perquios: 3, Altura-Lombard: 2, Ana-
conda-Terumo: 1. Changes in biomarker levels and differences between time points are de-
scribed in Table 1. After endovascular repair, there was a significant decrease in Hb and PLT
levels, while WBC, CRP, and IL-6 showed a significant increase (Table). Renal function markers
showed small variations without clinical significance. The type of endograft (manufactured
polyester vs. polytetrafluoroethylene) did not significantly affect the trends of biomarkers
postoperatively. Platelet count decsrease reflects platelet consumption or aneurysm sac clot-
ting after surgery. The postoperative increase in fibrinogen levels reflects an acute phase re-
sponse that potentially contributes to transient hypercoagulability. Subgroup analysis was not
able to show significance between individualized different types of endografts.

Conclusions: The postimplantation syndrome was apparent during the first 24 and 48 hours
postoperatively and was not associated with perioperative adverse clinical events showing
a benign course.
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Background-Aim: Flow velocity measurement and spectral analysis by duplex ultrasonogra-
phy (DUS) are widely recognized as standard methods for assessing carotid stenosis. While
angiographic methods rely on diameter-based grading, its application in DUS remains limit-
ed. This study evaluated the use of diameter-based grading using ultrasonography.

Methods: Patients who underwent a bilateral carotid ultrasound in our institution were
included in the study. Patients >50% diameter stenosis, previous carotid interventions and
non-atherosclerotic conditions were excluded. The internal carotid artery diameter (ICAd)
was assessed on both sides. Using tri-axial DUS measurements (anterior, lateral, and poste-
rior windows), the minimal residual lumen (MRL) was assessed. The maximum peak systolic
velocity (PSV), end-diastolic velocity (EDV) and degree of spectral broadening within each
ICA was also recorded.

Results: There were 400 arteries in 200 patients (100 male, 100 female) with a mean age
of 67 years (range 50-87). The mean distal ICA diameter was 4.8 mm (95% Cl: 4.7-4.9),
with males having a larger mean ICAd (5.1 mm) compared to females (4.5 mm). Among
all patients, only 3 females had an ICAd <4.0mm (1.5% among females and 0.75% among
all patients). For detecting >50% ICA diameter stenosis, an MRL of <2 mm demonstrated
a detection rate of 99% overall (100% in males, >98% in females). For detecting >75% ICA
diameter stenosis, an MRL of <1 mm had a detection rate of 99% overall (100% in males,
>98% in females).

Conclusion: Given that ICAd is 24.0mm almost in all patients, an MRL of 2mm is a safe cut-
off for detecting a >50% diameter stenosis. Furthermore, a cut-off at Imm would detect
equally well a >75% diameter stenosis. As the ICAd is often larger than the 4mm used here,
the above cut-off values would only underestimate stenosis.
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INFLUENCE OF LATENCY AND APPLIED FORCE ON ACCURACY IN AN ENDOVASCULAR
SIMULATION TASK: INSIGHTS FOR ROBOTIC TELESURGERY
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Background-Aim: Accurate force application and control are critical in endovascular proce-
dures, which may be compromised by latency in robotic or telesurgical systems. The aim
of this study was to examine the impact of latency and applied force on accuracy in an
endovascular procedure simulation task and to assess the potential of haptic feedback in
enhancing task accuracy.

Methods: A prospective, cross-sectional experimental study was conducted using a cus-
tom-build endovascular procedure simulator. In this study, 116 healthy volunteers per-
formed a task where they were asked to maintain a target force (0.6N, 1.2N, or 1.8N) under
different latency conditions (0, 100, 200, and 400 ms). The time duration for which partici-
pants successfully maintained the target force within the 10-second interval was recorded.
The impact of latency and force was evaluated across three distinct age groups: Group 1
(18-25 years), Group 2 (35-45 years), and Group 3 (55-65 years).

Results: The youngest group consistently achieved the best results, while the oldest group
showed the lowest results across all tasks. The Kruskal-Wallis test found statistically signif-
icant performance differences between age groups (p<0.05). Post hoc analysis revealed a
statistically significant gap between the youngest and oldest groups in all tasks. The Fried-
man test indicated significant differences across force and latency conditions (p<0.05). Post
hoc analysis further confirmed significant variations between all force and latency condi-
tions, except for the 400 ms latency, where no significant difference was observed between
1.2N and 1.8N (p>0.05). Spearman’s correlation analysis showed a strong negative correla-
tion between latency and duration (p=-0.642) and a weak negative correlation between
force and duration (p=-0.257), emphasizing the substantial effect of increased latency on
task performance. Conclusions: This study demonstrated that increasing latency and high-
er applied force both impair performance, with latency having a more substantial impact.
These results emphasize the importance of minimizing latency, particularly in older pop-
ulations. Additionally, the findings suggest that haptic feedback technology may be more
beneficial at lower force levels, warranting further investigation of its potential benefits.
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BACKGROUND-AIM: Surgical site infections in the groin following clean vascular procedures
are associated with significant morbidity, increased healthcare costs, and adverse postop-
erative outcomes. While established risk factors such as obesity, diabetes, and reinterven-
tion have been widely studied, the role of frailty remains underexplored. This study aims to
evaluate the impact of frailty on the incidence of groin infections and its correlation with
adverse clinical outcomes, including reintervention, amputation, and mortality. Clean vas-
cular surgery is defined as planned, non-emergency and emergency procedures performed
without pre-existing infection. Understanding the role of frailty in these patients could help
refine preoperative risk stratification.

METHODS: A retrospective, single-center observational study was conducted on patients
who underwent clean vascular groin surgery between August 2022 and December 2023.
Frailty was assessed using the Clinical Frailty Score (CFS). The primary endpoint was the
incidence of groin infections, classified according to the Centers for Disease Control and
Prevention (CDC) criteria. Secondary endpoints included reintervention, limb amputation,
and all-cause mortality, as these are strongly correlated with infection and can be impacted
by frailty. Univariate and multivariate logistic regression analyses were employed to iden-
tify independent predictors of groin infections and postoperative complications. The study
aimed to evaluate the potential mechanisms through which frailty contributes to poor out-
comes.

RESULTS: A total of 357 groins of 308 patients were included, with a median follow-up period
of 20 months. The overall incidence of groin infections was 16.8%. High frailty (CFS >5) was
independently associated with an increased risk of groin infections (OR: 2.83, p=0.0003),
reintervention (OR: 5.79, p<0.0001), amputation (OR: 6.95, p<0.0001), and mortality (OR:
2.42, p=0.0078). Diabetes (OR: 2.75, p=0.0004) and hypoalbuminemia (OR: 0.92 per 1g/L
decrease, p=0.0003) were also identified as significant predictors of infection and adverse
outcomes. Hypoalbuminemia is thought to contribute to impaired immune response, thus
increasing the risk of infection.

CONCLUSIONS: Frailty is a critical determinant of surgical site infections and postoperative
morbidity in patients undergoing vascular groin procedures. Incorporating frailty assess-
ment into preoperative risk stratification may facilitate more precise patient selection and
perioperative management. Targeted interventions addressing frailty-associated vulnera-
bilities could potentially mitigate the incidence of infections and improve long-term surgical
outcomes.
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EVALUATING THE CLINICAL PROFILE OF THORACIC ENDOVASCULAR AORTIC REPAIR IN
BLUNT THORACIC AORTIC INJURY: A SYSTEMATIC REVIEW AND META-ANALYSIS
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Background & Aims: Blunt thoracic aortic injury (BTAI) is a critical vascular emergency asso-
ciated with high mortality rates. Thoracic endovascular aortic repair (TEVAR) is considered
the gold-standard treatment for this condition. This meta-analysis seeks to provide a com-
prehensive evaluation of the clinical profile and outcomes associated with TEVAR in the
management of BTAI.

Methods: A systematic review was undertaken using a rigorous methodology. This involved
conducting searches across multiple electronic databases using defined search terms while
adhering to stringent pre-established inclusion and exclusion criteria in accordance with
the Cochrane Handbook and the PRISMA-2020 guidelines. Proportional meta-analysis was
executed using Comprehensive Meta-Analysis software (version 4).

Results: A total of 117 studies comprising 29,972 patients were analyzed. The mean age
was 42.3 years, with 74.9% being male. The mean Injury Severity Score (ISS) was 35.9,
and the distribution of spinal cord injury grades was as follows: Grade 1 at 8%, Grade 2
at 18.1%, Grade 3 at 62.3%, and Grade 4 at 14.9%. The in-hospital and 30-day mortality
rate was reported at an aggregated rate of 6.2%. A meta-regression analysis investigating
the relationship between mortality and delayed intervention (defined as greater than 24
hours) demonstrated a significant inverse correlation (Regression Coefficient: -3.3, P-val-
ue=0.0007, 1>=87.9%). The incidence of postoperative stroke and endoleak was aggregated
at 3.2% and 3%, respectively. Coverage of the left subclavian artery (LSA) was noted in
37.3% of the patients. A sub-analysis was performed to examine the association between
BTAI grade and 30-day mortality, which indicated a weak and non-significant correlation
(Regression Coefficient: 0.455, P-value=0.2588). Additionally, a meta-regression assessing
the relationship between LSA coverage and left arm symptoms did not yield a significant re-
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lationship (Regression Coefficient: 2.46, P-value=0.5524, 1>=85.8%). However, a significant
inverse relationship was identified between LSA coverage and stroke incidence (Regression
Coefficient: -7.4, P-value=0.0272, 1>°=84.7%).

Conclusion: The management of BTAI poses significant challenges due to its associated
high morbidity and mortality rates. However, TEVAR has emerged as a safe and effective
intervention, yielding favourable outcomes for patients. Early diagnosis and timely referral
to trauma centres equipped with TEVAR capabilities are essential to enhance survival rates
and overall patient prognosis. Continued emphasis on these critical factors is necessary to
improve the treatment of BTAI.
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TEVAR VERSUS OPTIMAL MEDICAL THERAPY FOR UNCOMPLICATED TYPE B AORTIC
DISSECTION - A SYSTEMATIC REVIEW & META-ANALYSIS
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Background-Aim: This meta-analysis reviewed outcomes of patients with uncomplicated
Type B aortic dissection (unTBAD) treated with either thoracic endovascular aortic repair
(TEVAR) plus optimised medical therapy (OMT) or OMT alone. The study evaluated both
short-term and long-term outcomes to assess whether TEVAR improved overall mortality
and reduced complications such as retrograde type A dissection, stroke, paraplegia, and
aortic remodelling.

Methods: We conducted comprehensive searches on PubMed, Ovid, Scopus, and EMBASE
to identify studies comparing long-term outcomes of TEVAR and OMT for Uncomplicated
Type B Aortic Dissection. Using the PICO framework and adhering to PRISMA guidelines, we
formulated the search query. The search was limited to titles and abstracts and included
thorough citation reviews. Each study was evaluated against strict inclusion and exclusion
criteria for eligibility. Statistical analysis was performed using Jamovi (Version 2.5) from the
Jamovi project (2024).

Results: The total number of patients with uncomplicated Type B aortic dissection is 25650,
with 21041 receiving optimal medical therapy (OMT) and 4,609 treated with TEVAR. The
OMT group had an average age of 61.7 years, with 69.7% treated in the acute phase (<15
days). Their mean maximum aortic diameter was 38.5 mm, and the false lumen diameter
averaged 25.4 mm. In the TEVAR group, the average age was 59.7 years, with 76.2% treated
acutely. The average maximum aortic diameter was 40.2 mm, and the false lumen diameter
was 26.4 mm. A pooled analysis showed no significant difference in 30-day and in-hospital
mortality rates (log odds ratio 0.1058, p = 0.4971). However, a random-effects model indi-
cated a log odds ratio of -1.3696, resulting in an odds ratio of 0.2542 (p < 0.0001). Survival
rates were 95.4% for the OMT group and 98% for the TEVAR group. At 1 year, survival was
90.2% for the OMT group (95% Cl: 85.7-90.7) and 94% for the TEVAR group (95% Cl: 90.6-
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97.5). At 2 years, OMT survival was 71.8% (95% Cl: 63.4-80.1) compared to 83.7% for TEVAR
(95% Cl: 75.6-91.8). At 3 years, survival was 82.2% for OMT (95% Cl: 77.4-87) and 89.9% for
TEVAR (95% Cl: 86.1-93.7).

Conclusions: The role of Thoracic Endovascular Aneurysm Repair (TEVAR) in managing un-
complicated Type B Aortic Dissection (unTBAD) remains debated. While studies show im-
proved aortic remodelling post-TEVAR, there is no definitive evidence for increased survival
rates. It is essential to conduct randomised trials and develop guidelines that include high-
risk features for assessing this complex patient group.
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NOVEL MECHANICAL THROMBECTOMY TECHNIQUES FOR UPPER EXTREMITY DEEP VEIN
THROMBOSIS: A SINGLE CENTER CASE-SERIES
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Abstract: Background-Aim: Upper extremity deep vein thrombosis (UEDVT) has been wide-
ly managed with anticoagulation and selectively with catheter directed thrombolysis (CDT)
targeting prompt venous recanalization. CDT, however, comes with a bleeding risk and com-
plex perioperative logistics. Novel percutaneous mechanical thrombectomy (MT) devices
can potentially simplify the procedure, its safety and efficacy though remain unknown.

Methods: In this single center study, we review the outcomes on 8 patients with symptom-
atic UEDVT treated with 3 different devices: the ClotTriever system (Inari Medical, Irvine,
CA), the Aspirex Mechanical Aspiration Thrombectomy System and the Penumbra System
(Penumbra Inc, Alameda, California, USA), with or without subsequent first rib resection
and venoplasty.

Results: MT through basilic or brachial vein access was performed and successfully com-
pleted in all 8 patients. No major adverse events were noted and the patients were dis-
charged within 24 hours. Five out of 8 patients underwent subsequent first rib resection
and for 3 of them balloon venoplasty was additionally performed. At 2 years mean follow
up, 6 out of 8 patients were free of symptoms without UEDVT recurrence. Two patients had
partial symptom relief, one of them due to re-thrombosis.

Conclusion: For the management of symptomatic UEDVT, mechanical thrombectomy using
novel technologies is feasible with high technical and clinical success.
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Objectives: Persistent distal false lumen following surgery for DeBakey type | acute aortic
dissection (AAD) is associated with an increased risk of adverse aortic events (AAEs). This
pilot randomized controlled trial aimed to assess whether elective thoracic endovascular
aortic repair (TEVAR), performed 1-3 months after type | AAD surgery in selected high-risk
patients, promotes aortic remodeling and improves clinical outcomes.

Methods: Thirty-two patients who underwent surgical repair for type | AAD were random-
ized to either elective TEVAR (n = 15) or standard conservative management (n = 17). Eligi-
bility criteria based on CT angiography included: (a) a re-entry tear in Ishimaru zones 3 or 4,
and (b) a maximum descending thoracic aorta (DTA) diameter >40 mm and/or a false lumen
diameter >20 mm. One-year follow-up included clinical assessment and CT angiography.
Results: The TEVAR group exhibited significantly more favorable aortic remodeling than the
conservative group, as demonstrated by greater reductions in total aortic diameter (zones
2-9), greater increases in true lumen diameter (zones 3-8), and greater reductions in false
lumen diameter (zones 2-8). Complete false lumen thrombosis was also more frequent in
the TEVAR group (zones 2-6). Clinically, the TEVAR group had significantly lower rates of
dissection extension (0% vs. 29.4%; p = 0.050), rehospitalization due to complications (0%
vs. 58.8%; p < 0.001), and long-term AAEs (20.0% vs. 58.8%; p = 0.026).

Conclusions: In selected high-risk patients, performing TEVAR 1-3 months after surgical re-
pair of type | AAD promotes aortic remodeling and improves mid-term clinical outcomes.
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DEEPSEEK AND GRAPHRAG MAKE AN ALMOST FLAWLESS EVIDENCE-BASED TOOL FOR
CARDIOVASCULAR CLINICAL DECISION-MAKING

Areti Vassiliou?, Vangelis Alexiou?

I Vascular Surgery, Attikon University Hospital

2 Vascular Surgery, loannina University Hospital

Background-Aim: Artificial intelligence (Al) can change medical practice only if accurate,
reliable, and evidence-based output is available. Large Language Models (LLMs) provide
valuable insights into medical literature by synthesizing vast amounts of medical literature,
However, issues such as “hallucinated” facts, inconsistent responses, and inadequate doc-
umentation persist. To solve these challenges, DeepSeek R1 is combined with a Graph Re-
trieval Augmented Generation (GraphRAG) approach. This study evaluated the system’s
accuracy, consistency, and transparency when asked questions on the “2021 ESC Guidelines
on cardiovascular disease prevention in clinical practice”.

Methods: A pipeline has been developed that integrates knowledge graph creation, ques-
tion parsing, document retrieval, and response generation. ESC Guidelines 2021 were incor-
porated into the knowledge graph, which facilitates structured, node-edge-based naviga-
tion of key concepts and recommendations. DeepSeek R1 answered queries by consulting
graph-based evidence nodes, ensuring all outputs were firmly grounded in the retrieved
information. We tested the pipeline against a series of 34 questions adapted from the “Car-
dioNerds Decipher the Guidelines” initiative which is a trusted source of cardiovascular ed-
ucation. Each answer was assessed for correctness, citation of guidelines, and consistency
when re-queried.

Results: The system correctly answered 33 of 34 questions, achieving an accuracy of 97%.
For the remaining question, which fell outside the scope of the ESC Guidelines, DeepSeek
R1 accurately identified that the requested information was unavailable within the knowl-
edge base. It is noteworthy that no hallucinatory data or spurious citations were detect-
ed, underscoring the reliability of the GraphRAG approach. The results of repeated testing
were consistent, with each answer referring directly to specific guideline sections. With this
evidence-based, citation-driven framework, users could verify results quickly and remain
confident in the system’s outputs

Conclusions: Integrating DeepSeek R1 with Graph Retrieval Augmented Generation work-
flow, we demonstrate a high-performing, transparent, and reliable Al-driven clinical decision
support tool, achieving 97% accuracy in a cardiovascular guideline-based evaluation. The
knowledge graph’s structured representation ensures that all responses remain grounded
in verifiable evidence, which eliminates hallucinations and enhances user confidence. As Al
continues to evolve, this approach provides a scalable blueprint for evidence-based prac-
tice across many fields of medicine.
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FIRST-IN-EUROPE USE OF A TAPERED SELF-EXPANDING BRIDGING DEVICE IN
ENDOVASCULAR THORACOABDOMINAL AORTIC ANEURYSM REPAIR
Efthymios Beropoulis, Konstantinos P. Donas

15-17 may 2025 ATHENS -

Introduction: Bridging devices in endovascular thoracoabdominal aortic aneurysm repair
are key factors in term of sufficient and durable exclusion of the treated pathologies. In an
era of balloon expandable covered stents, self-expanding endografts can address issues
such as severe kinking and elongation of the target vessels.

Results: A 73-year-old female patient with a symptomatic thoracoabdominal aortic aneu-
rysm (TAAA) and severe elongation of the left renal artery was treated endovascularly by
the G-Branch device, at our institution. The left renal artery had a diameter of 5mm, up-
ward orientation and stenosis of the orifice of the left renal artery. After deployment of the
multibranched device and the cannulation of the left renal branch, different catheters and
wires were used to achieve a stable position of the Rosen wire (Cook) and advance over the
7F sheath the Silverflow endoprosthesis (Lifetech) with a tapered design of 5mm distally
and 7mm proximally. The trackability and placement accuracy of the device despite the
challenging anatomy was very satisfactory. Completion angiography ensured free flow to
the renal artery and also exclusion of the aneurysm. Post-operative computed tomography
angiography confirmed the stenosis-free patency of the endoprosthesis and organ perfu-
sion.

Conclusions: First-in-Europe use of a tapered self-expanding bridging device in endovascu-
lar thoracoabdominal aortic aneurysm repair was successful and promising. Further data
and meticulous follow up is needed.
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GENDER-BASED DIFFERENCES IN OPEN AND ENDOVASCULAR TREATMENT OF PERIPHERAL
ARTERIAL DISEASE IN DIABETIC PATIENTS

Aleksandra Milaci¢*, Bojan Vucurevi¢?, Branko Purdevic®, Nikola Markovié?,

Ivan Soldatovié®, Slobodan Tanaskovic!, Nenad llijevskit

I Clinic For Vascular Surgery, Institute For Cardiovascular Diseases “Dedinje”, Belgrade, Ser-
bia

2 Clinic For Vascular Surgery, Department Of Cardiology, Institute For Cardiovascular Diseas-
es “Dedinje”, Belgrade, Serbia

3 Clinic For Anesthesiology, Institute For Cardiovascular Diseases “Dedinje”, Belgrade, Serbia
4 Clinic For Cardiology, Institute For Cardiovascular Diseases “Dedinje”, Belgrade, Serbia

® Institute Of Medical Statistics And Informatics, Faculty Of Medicine, Universitiy Of Belgrade

Background-Aim: Periferal arterial disease (PAD) manifests as claudication, ischemic rest
pain or tissue loss. While PAD prevalence is similar or higher in women, the relationship
between risk factors, PAD symptoms and treatment outcome varies by sex. The aim of this
study is to analyze the outcomes of open and endovascular treatment of PAD in patients
with diabetes based on gender.

Methods: This is retrospective analysis of patient data from 2018 to 2022. The primary out-
come was to compare amputation free survival between male and female diabetic patients
with PAD treated with open or endovascular treatment.

Results: Study included 420 diabetic PAD patients, 307 (73.1%) males and 113 (26.9%)
females. In females most prevalent comorbidities were hypertension (98.2% vs 89.6%,
p=0.04) and stable angina pectoris (17.7% vs 5.5%, p<0.001). Men had more positive family
history of cardiovascular disease 183 (59.6% vs 38.1%, p<0.001). Claudication’s were more
common in women (59.3% vs 38.4%, p<0.001), while wounds were more common in men
(35.8% vs 17.7%, p<0.001). Among endovascular procedures femoropopliteal segment as
target lesion was more common among female patients (60.7% vs 41.5%, p<0.001) and
among men infrapopliteal segment (31.2% vs 9.6%, p<0.001). For open surgery female pa-
tients had more aortobifemoral surgery (90.4% vs 68.8%, p<0.001) and men had more fem-
oropopliteal below the knee reconstruction (22.6% vs 7.4%, p<0.001). The mean follow up
was 10 months. Major amputation occurred in 43 cases - 3 in the female group and in 40
in male group (p=0.001). Mean major amputation free period for women was 15 months
(range: 0-54) while for men was 9 months (range: 0-51). Higher percentage of men had an
amputation of the ipsilateral extremity prior to current open or endovascular procedures
compared to women (12.4% vs 4.4%, p=0.017). During follow up period there was 1 (0.2%)
death among men and it was not related to the revascularisation procedure.

Conculsions: This study revealed that male diabetic patients had a significantly higher in-
cidence of PAD with wound presentation, as well as a greater rate of major amputations
during follow-up, due to more distal atherosclerotic lesions when compared to female.
These findings highlight the crucial need for early intervention and vigilant monitoring, par-
ticularly in male PAD diabetic patients.
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PERIPHERAL GRAFT INFECTION - A RARE BUT TRICKY CONDITION THAT BRINGS ALONG
SOME SERIOUS COMPLICATIONS

Areti Vassiliou, George S Sfyroeras, Andreas Lazaris, John D Kakisis, Konstantinos

G Moulakakis, Constantine N Antonopoulos

Vascular Surgery, ‘Attikon’ University General Hospital, Haidari, Athens, Greece

Stent infections are a rare yet serious and potentially life-threatening complication follow-
ing endovascular procedures. It is essential to understand their incidence, risk factors, clin-
ical signs, treatment options, and outcomes to enhance patient care and improve overall
results.We report a case of a 63-year old man with a pseudoaneurysm of the external iliac
artery due to a stent infection that was successfully treated by performing a bypass using a
reversed saphenous vein graft-a semi-NAIS technique- and performed a systematic review
of the literature to identify the incidence about the epidemiology, clinical presentation,
management, and prognosis of these rare cases of graft infections.

We included all the studies that were published until January 2025, reporting 33 patients
with stent infection and 23 with stent graft infections.The average age of patients was 63
years, with 71% of them being male. The average time from implantation to infection was
390 days for stents and 786 days for stent grafts.Patients typically present with fever, leuko-
cytosis, and local symptoms such as pain, swelling, abscess formation, and distal emboliza-
tion. Stent infections in the abdominal area tend to manifest with more severe symptoms,
often including abscesses, retroperitoneal hematomas, and pseudoaneurysms.Surgical re-
moval of the infected stent was carried out in 87% of cases. In seven instances, the stent
was not removed, and four of these cases were treated exclusively with antibiotic therapy.
Revascularization was successfully achieved in 71% of patients, primarily through in situ
vein bypass, with the second approach being an extra-anatomic synthetic bypass graft.
Peripheral graft infections are rarely reported, with the iliac arteries being the most com-
monly affected. These infections tend to present earlier and are associated with higher
rates of amputation and mortality compared to other peripheral sites.
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MANAGEMENT OF INTERNAL ILIAC ARTERY DURING ENDOVASCULAR TREATMENT OF
AORTOILIAC ANEURYSMS- 3 YEAR EXPERIENCE OF OUR DEPARTMENT

lliana Doukogianni, Anna Pachi, Apostolos Chaveles, Nikolaos Mpekas,

Sotirios Giannakakis, Anastasios Papapetrou, Chrysostomos Maltezos

Vascular Surgery Department, KAT General Hospital, Athens, Greece.

Background-aim: lliac artery aneurysms are rare when occurring in isolation; however, they
are often found in conjunction with abdominal aortic aneurysms in up to 40% of cases.
When faced with an inadequate distal landing zone or aneurysmal iliac arteries, a decision
must be made: either to relocate the landing zone more distally and sacrifice the internal
iliac artery or to preserve it. This study aims to describe our early 3-year experience in en-
dovascular management of internal iliac arteries.

Methods: From February 2022 to February 2025, forty-one consecutive patients with aor-
toiliac aneurysms were treated with endovascular techniques in our department.

Results: Men were 97.6% of patients, and their mean age was 75 years. Thirty patients
underwent EVAR procedure with occlusion of one internal iliac artery (with or without em-
bolization), three patients underwent bilateral IIA occlusion in order to treat type IB en-
doleaks, six patients received iliac branch devices and two patients received a stent-graft
in the common iliac artery. Technical success was achieved at a rate of 100%, regardless of
the technique employed, and no major complications or 30-day mortality were observed.

Conclusions: Occlusion of the internal iliac artery used to be the standard procedure to
overcome sealing issues. The introduction of techniques for preserving the internal iliac
artery represents a significant advancement in the treatment of aorto-iliac aneurysms, as
they demonstrate high technical success and low morbidity while reducing the risk of pelvic
ischemia.
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CAROTID ARTERY ANGIOPLASTY AND STENTING: A 15-YEAR EXPERIENCE

Dimitrios Voliotis?, llias Voulgaris?, Afroditi-Maria Mitka2?, Thomas Kalogirou?,

loakeim Giagtzidis?, Nikolaos Asaloumidis?, Christos Karkos?, Konstantinos Papazoglou?

1 5th-Year Medical Student, Faculty of Medicine, Aristotle University of Thessaloniki, Thes-
saloniki, Greece

2Vascular Surgery Unit, 5th Surgical Department, “Hippokration” General Hospital of Thes-
saloniki, Aristotle University of Thessaloniki

Purpose: The aim of this study is to present our 15-year experience (2009-2024) with carot-
id artery angioplasty and stenting (CAS) and document the evolution of this technique over
the specified period.

Materials and Methods: We retrospectively analyzed data from 394 patients (278 males;
mean age 69 years) who underwent CAS. Of these, 254 (64.5%) were symptomatic, and
201 (51%) had left-sided lesions. All patients were treated with self-expanding stents and
distal filter-type cerebral protection devices. Access was achieved via the femoral artery in
all cases except one, which required access through the right brachial artery. Conversion
to open carotid endarterectomy was performed in 3 patients due to technical difficulties
(anatomical variations, challenging catheterization).

Results: In this patient cohort, perioperative stroke occurred in 5 patients (1.3%). Bradycar-
dia was observed in 68 patients (16%), while hypotension occurred in 57 patients (14.5%).
No deaths were reported within the first 30 days post-procedure. None of the prognostic
risk factors tested proved to be statistically significant for peri-procedural stroke.

Conclusion: Our results demonstrate that CAS can be performed with low stroke/death
rates. Comparing to our previously published experience, there is a shift nowadays to offer
CAS in more symptomatic than asymptomatic patients (65% vs 35% in the period 2009-
2024; and 35% vs 65% in the period 1997-2007). Increasing expertise in patient selection,
appropriate device utilization, and execution of the endovascular technique is critical for
minimizing adverse periprocedural events.
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CLINICAL AND LONG-TERM OUTCOMES AFTER CAROTID ENDARTERECTOMY IN PRESENCE
OF CONTRALATERAL CAROTID OCCLUSION

Spiridon Botsios?!, Almuth Glase?, Denise M D Ozdemir-van Brunschot!

! vascular Surgery, Augusta Hospital Dusseldorf, Germany

2 Thonbergklinik Leipzig, Germany

Background: The optimal management for carotid stenosis in presence of contralateral
carotid occlusion (CCO) remains controversial. The aim of the present study was to inver-
stigate the influence of CCO on the clinical and long-term outcomes after carotid artery
endarterectomy.

Methods: In this retrospective, single-center study includes 340 consecutive patients
submitted to carotid surgery between October 2011 and November 2017. The operative
technique consisted of the carotid endarterectomy with bovine pericardium patch closure
under general anesthesia with perioperative cerebral monitoring und selective use of intra-
operative shunt placement. 41 patients CCO were mached with 82 patients without signifi-
cant stenosis of contralateral carotid artery.

The primary clinical outcome measures included ipsilateral stroke, ipsilateral transient isch-
emic attack (TIA), myocardial infarction (Ml), mortality within 30 days and the need for
a shunt placement intraoperatively. The secondary clinical outcome measures included
stroke, TIA, MI, mortality and restenosis in the long-term follow-up.

Results: Due to matching, there were no significant differences regarding patients’ demo-
graphics or cardiovascular comorbidity. At 30 days there were 3 patients with ipsilateral
stroke, all in the non-CCO group (p = 0.22). 4 Patients presented with bleeding with the
need for redo surgery: 1 in the CCO group and 3 in the non-CCO group (p = 0.72). At the
end of the follow-up period no new patients presented with an ipspilateral stroke. The inci-
dence of restenosis was 4.8% in the CCO group versus 3.7% in the non-CCO group (p = 0.74).

Conclusions: Carotid endarterectomy in presence of CCO under selective use of intraoper-
ative shunt placement appears to be a safe procedure without influence on the clinical and
long-term outcomes. CCO should not considered always as a high-risk factor for operation.
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INTERVENTION FOR NEAR TOTAL OCCLUSION OF THE INTERNAL CAROTID ARTERY.

A SINGLE CENTER EXPERIENCE

Athanasios Haidoulis, Konstantinos Spanos, George Kouvelos,

Konstantinos Tzimkas-Dakis, Christos Karathanos, Miltiadis Matsagkas,

Athanasios Giannoukas

Vascular Surgery, Vascular Surgery Department, University Hospital of Larissa, Faculty of
Medicine, School of Health Sciences, University of Thessaly

Introduction: Recent guidelines recommend best medical treatment for the treatment of
carotid near total occlusion (CNO), while the role of intervention with carotid endarterec-
tomy (CEA) or stenting (CAS) remains controversial. The present study investigates our 16-
year experience in the treatment of CNO with carotid intervention.

Methods: Single center retrospective study including patients treated with carotid inter-
vention (patch or eversion CEA and CAS) from 2006-2025. Demographics, treatment de-
tails, and outcomes such as mortality, myocardial infarction (Ml), stroke, intra-cerebral
hemorrhage (ICH) were analyzed for the early period (30-day post-operation), while stroke,
restenosis and death were also analyzed.

Results: From a total of 800 patients treated with carotid interventions, 36 were treated
for CNO (CEA: 27 patch, 6 eversion and 3 with CAS). The mean patients’ age was 72.2+9
(90% males). Almost half of the patients were symptomatic (47%; 17/36). The intra-opera-
tive stroke rate was 0% for asymptomatic patients and 5.88% (1/17) in symptomatic ones.
The mean total hospital stay was 3.8+2. During 30-day period, intracerebral hemorrhage
occurred in 5,26% in asymptomatic and in 5.88% in symptomatic patients and all within the
first 7 days associated with development of hypertension. No Ml or death occurred during
early period. During mean follow up of 3230 months, the survival rate was 95%, 87% and
58% at 12, 24, and 72 months, respectively. No patient experienced late stroke or significant
(>50%) restenosis.

Conclusion: Perioperative risk of stroke and death in patients with CNO remains within the
range of other symptomatic and asymptomatic patients with high grade stenosis. However,
early postoperative intracerebral hemorrhage associated with hypertension remains high
and therefore in such patients intense blood pressure control is of paramount importance.
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SIMULTANEOUS [INTERVENTIONS IN MULTIFOCAL ATHEROSCLEROSIS INVOLVING
CORONARY ARTERIES AND LOWER LIMB ARTERIES

Artur Gabriyelyan, Olexander Cheveliuk

Heart surgery and transplantation, Heart surgery and transplantation Department/Scientif-
ic Centre of surgery and Transplantation named after 0.0.Shalimov/ National Academy of
medical sciences of Ukraine/ Kyiv/ Ukraine

Background. The combination of coronary artery disease and peripheral artery disease is
associated with almost doubling of all-cause mortality, to 4.6% per year, compared to mor-
tality of each disease alone. When performing the first stage of intervention on lower limbs
arteries, there is a high probability of getting a perioperative myocardial infarction in 4.9%
of patients and performing an isolated coronary bypass can increase the lower extremities
ischemia, up to the loss of limb in 7.9%. Remains unresolved: what should be the order and
sequence of surgical interventions in multifocal atherosclerosis, are simultaneous interven-
tions possible?

The aim. To study the possibilities and effectiveness of simultaneous interventions in pa-
tients with multifocal atherosclerosis, with coronary arteries damage and lower extremi-
ties’ arteries.

Methods. The results of treatment of 84 patients with combined lesions of coronary arter-
ies and lower extremities’ arteries from 2016 to 2024 were analyzed. Coronary bypass oper-
ations were performed using the off-pump technique. During simultaneous interventions,
coronary bypass surgery was always prioritized. Interventions on lower extremities were
performed with coronary bypass surgery both simultaneously (n=38, 45%) and in stages
(n=46, 55%). In staged interventions group, 2 sub-groups were indicated - performance of
the first stage of coronary bypass followed by revascularization of lower extremities (n=28,
33%), or performance of the first stage of reconstruction of lower extremities’ arteries with
subsequent coronary bypass (n=18, 22%). The primary end points for evaluating simultane-
ous interventions were major adverse cardiac events and pain as an indicator of increased
ischemia of lower extremities due to staggered staged interventions.

Results. Both group deaths were not detected. Simultaneously operated patients’ major
adverse cardiac events were not detected. In staged interventions group, where coronary
bypass was primarily performed in 5 patients (18%), increased ischemia of lower extremi-
ties’ presence was noted, which required emergency intervention on the arteries of lower
extremities. In case of staged interventions, in which the first stage was revascularization
of lower extremities, before coronary bypass surgery, an acute myocardial infarction in the
early postoperative period developed for 4 patients (22%). Performing delayed interven-
tions involves a considerable number of risks and complications, which significantly out-
weigh those that can occur with simultaneous interventions.

Conclusions. Performing simultaneous interventions in multifocal atherosclerosis with cor-
onary arteries and lower extremities’ arteries damages with appropriate indications is safe
and effective method of treatment for this group of patients.
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POLYCYSTIN-1 AS A NOVEL BIOMARKER FOR PERIPHERAL ARTERY DISEASE: INSIGHTS
FROM A PROSPECTIVE STUDY

Panagiotis Theodoridis!, Sotirios Georgopoulos?, Christos Bakoyannis?,

Konstantinos Davos?, Aimilia Varela3, Christos Dimopoulos?, Theodosios Bisdas,

Chris Klonaris?

1 3rd Department of Vascular Surgery, Athens Medical Center, Athens, Greece

22nd Department of Vascular Surgery, Athens Medical School, University of Athens, Athens,
Greece

3 Cardiovascular Research Laboratory, Biomedical Research Foundation, Academy of Ath-
ens, Athens 11527, Greece

Background: Atherosclerosis remains a leading cause of morbidity and mortality world-
wide. Recent studies highlight the potential role of mechanosensitive molecules, particu-
larly Polycystin-1 (PC-1), in vascular pathology. However, its significance in carotid athero-
sclerosis remains largely unexplored. This study aims to evaluate PC-1 serum levels and
its association with atherosclerotic plaque characteristics and the p53/p38/p21 signaling
pathway.

Methods: A total of 70 patients undergoing carotid endarterectomy were included in this
study. PC-1 levels in serum were measured using ELISA, while Western blot analysis was
performed to assess p53/p38/p21 signaling pathway activation. Patients were stratified
into symptomatic (n=17) and asymptomatic (n=53) groups. Correlations between PC-1 lev-
els, clinical parameters, plaque characteristics, and protein expression were analyzed using
Student’s t-test and chi-square tests.

Results: PC-1 was detected in ten patients (7 asymptomatic, 3 symptomatic), with lev-
els significantly correlating with age (p<0.0001), BMI (p<0.0001), lipid profile (p<0.0001),
HbA1c (p<0.0001), and carotid stenosis severity (p<0.0001). No significant correlation was
found between PC-1 levels and serum creatinine (TABLE 1). Western blot analysis revealed
an increase in p21 and phospho-p38 expression in PC-1-positive samples, although this
difference did not reach statistical significance. Heatmap analysis showed greater p53/p38/
p21 activation in PC-1-positive samples, particularly in male patients.

Conclusion: These findings suggest that PC-1 may serve as a potential biomarker for carotid
atherosclerosis, with implications for disease progression and mechano-transduction sig-
naling. Further studies with larger cohorts are needed to validate these observations and
explore the role of PC-1 as a therapeutic target in vascular disease.
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IMPACT OF ISCHEMIC POSTCONDITIONING ON OUTCOMES OF EVERSION vs.
CONVENTIONAL CAROTID ENDARTERECTOMY

Nenad llijevski, Slobodan Pesic, Jovan Petrovic, Enes Ljatifi, Aleksandra Milacic,
Slobodan Tanaskovic

Vascular Surgery Clinic, Intute For Cardiovascular Diseases “Dedinje”, Belgrade, Serbia

Introduction: Carotid endarterectomy (CEA) is the gold standard in preventing stroke in pa-
tients with carotid artery stenosis. Comparing eversion endarterectomy (eCEA) and conven-
tional endarterectomy with patch angioplasty using biological material (pCEA) highlights
differences in clamp time duration and the impact of ischemic postconditioning (IPCT) on
ischemic events and reperfusion syndromes. The aim is evaluating the clamp time duration
in eCEA and pCEA, assess the impact of clamp duration on surgical outcomes, and analyze
the effectiveness of IPC in reducing ischemic and reperfusion complications.

Methods: The study included 45 patients who underwent eCEA (n=30) and pCEA (n=15).
Clamp duration was recorded during the procedure, and IPCT was applied to 10 patients in
each group. Outcomes were evaluated by the incidence of ischemic events and reperfusion
syndromes in the postoperative period.

Results: The mean clamp time was significantly shorter in eCEA compared to pCEA (19+5min
vs. 3022min, p<0.001). Clamp duration did not have a statistically significant impact on total
neurological or surgical outcomes (p=0.411). There was no observed difference between
patients with IPCT compared to standard surgical procedure with regards to neurological or
surgical outcomes (p=0.871). The mean clamp time was significantly shorter in eCEA+IPCT
compared to pCEA+IPCT (20£3min vs. 31+4min, p<0.001).

Conclusion: CEA demonstrates an advantage in terms of shorter clamp duration compared
to the conventional technique with patch angioplasty. Clamp duration does not directly
affect clinical outcomes, while ischemic postconditioning significantly reduces the risk of
ischemic events and reperfusion syndromes, making this technique valuable in optimizing
carotid surgery outcomes.
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CAROTID ARTERY DISEASE -SINGLE CENTER RETROSPECTIVE STUDY-

Konstantinos Maltezos, Anastasios Papapetrou, llianna Doukogianni, Anna Pachi,
Georgios Kastrisios, Stavros Kerasidis, Chrysostomos Maltezos

Vascular Surgery Department, GENERAL HOPSITAL of ATHENS “K.A.T.”

Introduction: Carotid artery disease is one of the most common causes of ischemic stroke
worldwide, and carotid endarterectomy remains an effective treatment method.

Method - Purpose: The aim of this study is to present our clinical experience with carotid
artery disease over the past five years.

Results: Over the last five years, a total of 438 patients (309 men and 129 women) under-
went treatment. The average patient age was 71 years. Of these, 101 patients (23%) were
symptomatic.

Most symptomatic patients had a recent history of stroke (AE). The degree of stenosis in
symptomatic patients ranged from 60% to 99%, while in asymptomatic patients, it ranged
from 80% to 99%.

A total of 412 open carotid endarterectomies were performed, including 293 eversion end-
arterectomies, 115 with patch closure, 4 using grafts, and 2 primary closures. Additionally,
24 patients underwent endovascular intervention following a recurrent stenosis.

Regarding postoperative complications, three cases (0.7%) of endarterectomy site throm-
bosis were detected and treated surgically, as well as three cases (0.7%) of cervical hema-
tomas that also required surgical intervention. Hyperperfusion syndrome occurred in five
patients (1.1%), and there were two postoperative deaths (0.5%). Notably, 20 patients (4%)
experienced postoperative voice hoarseness.

During follow-up, 25 cases (6%) of restenosis were observed. Of these, 15 were managed
conservatively with monitoring, while 10 patients who had previously undergone open
endarterectomy underwent repeat endarterectomy once the stenosis exceeded 90%.

Conclusion: Carotid endarterectomy remains a well-established and effective treatment for
carotid artery disease. Modern endovascular techniques offer a minimally invasive alter-
native with high efficacy, particularly in cases of restenosis and in patients with significant
comorbidities.
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OUR EXPERIENCE SURGICAL TREATMENT IN PATIENTS WITH INTERNAL CAROTID ARTERY
OCCLUSION AND CONTRALATERAL STENOSIS

Shavkat Karimov, Xodjiakbar Alidjanov, Abdurasul Yulbarisov, Isomiddin Asrorov
Tashkent medical academy, Tashkent, Uzbekistan

Background and Aim: Contralateral internal carotid artery occlusion increases the risk of
ischemic complications during surgery. This study aims to compare two surgical strategies:
(1) external carotid artery reconstruction before carotid endarterectomy and (2) carotid
endarterectomy before external carotid artery reconstruction.

Methods: A total of 100 patients with hemodynamically significant internal carotid artery
stenosis (270%) and contralateral internal carotid artery occlusion were randomized into
two groups:

- Group 1 (n=50): External carotid artery reconstruction as the first stage, followed by ca-
rotid endarterectomy.

- Group 2 (n=50): Carotid endarterectomy first, followed by external carotid artery recon-
struction.

Outcomes included intraoperative and postoperative complications, cerebral perfusion dy-
namics, 30-day stroke incidence, and long-term results at 12 months.

Results: 1. Intraoperative Complications:

- Transient ischemic episodes: 8% (Group 1) vs. 14% (Group 2).

- Temporary hypoperfusion: 6% (Group 1) vs. 12% (Group 2, p<0.05).

- Hypertensive responses: 18% (Group 1) vs. 22% (Group 2, p>0.05).

2. Postoperative (30-day) Outcomes:

- Stroke incidence: 8% (Group 1) vs. 12% (Group 2, p=0.07).

- Restenosis (>50%): 0% in both groups.

- Coronary complications: 4% (Group 1) vs. 6% (Group 2).

- Wound hematomas: 4% in both groups.

3. Cerebral Perfusion:

- 24-hour postoperative blood flow increase: +23% (Group 1) vs. +18% (Group 2).

- By day 7: +27% (Group 1) vs. +25% (Group 2).

- Early postoperative hypoperfusion: 6% (Group 1) vs. 12% (Group 2).

4. Long-Term (6-12 months) Results:

- Restenosis (>50%): 8% (Group 1) vs. 4% (Group 2, p<0.05).

- Recurrent ischemic events: 4% (Group 1) vs. 6% (Group 2).

- Cognitive improvement: 32% (Group 1) vs. 38% (Group 2).

- Mortality rate: 2% in both groups.

Conclusions: 1. Staged surgery with initial external carotid artery reconstruction improves
early cerebral perfusion and reduces intraoperative ischemic episodes.

2. Primary carotid endarterectomy reduces the risk of long-term restenosis, which may be
beneficial for patients with progressive atherosclerosis.

3. Both strategies demonstrate comparable complication rates, emphasizing the need for
individualized surgical planning.
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POTENTIAL OF ULTRA-HIGH HYDROSTATIC PRESSURE-TREATED AUTOLOGOUS SKIN AS A
VASCULAR PATCH: A PILOT ANIMAL STUDY

Masashi Yamanami?, Yukiko Ida? Tasturo Gondai!, Hidetake Kawajiri, Tomoya Inoue?,
Keiichi Kanda!, Satoshi Gojo?, Tetsuji Yamaoka*, Shinichiro Oda*

1 Department of Cardiovascular Surgery, Kyoto Prefectural University of Medicine, Kyoto,
Japan

2 Department of Plastic Surgery, Tokyo Medical University, Tokyo, Japan

3 Department of Regenerative Medicine, Kyoto Prefectural University of Medicine, Kyoto,
Japan

4 Department of Clinical Engineering, Komatsu University, Ishikawa, Japan

Background and Aim: An ideal vascular graft requires high biocompatibility, antithrombo-
genicity, and growth potential. We have been conducting research on an in vivo tissue en-
gineering approach in which a foreign material (e.g., silicone) is implanted subcutaneously,
allowing the host tissue response to form a connective tissue membrane that can be used
as a vascular patch. This technique was first applied in pediatric cardiac surgery in 2014, and
even after more than 10 years, its outcomes remain favorable.

However, tissue maturation requires approximately two months, making it unsuitable for
emergency procedures. Furthermore, patients with low regenerative capacity (e.g., neo-
nates, elderly, diabetic, and dialysis patients) may not form sufficient connective tissue.

Ultra-high hydrostatic pressure (UHP) treatment has been applied in plastic surgery for the
treatment of congenital giant melanocytic nevi, where excised skin is treated with UHP and
reimplanted to promote skin regeneration. UHP induces cell death while preserving the
structure of the extracellular matrix (ECM), thereby maintaining biocompatibility.

This pilot animal study aimed to evaluate the feasibility of UHP-treated autologous skin as
a vascular patch in an animal implantation model.

Methods:A 2-year-old female Beagle (10 kg) underwent full-thickness skin harvesting from
the inguinal region. The excised skin was treated with UHP (980 MPa, 10 min) and then
trimmed to 10 x 5 mm before being transplanted onto the anterior wall of the same dog’s
common carotid artery.

No antiplatelet or anticoagulant therapy was administered postoperatively. The graft was
monitored using ultrasound imaging, and the patch was excised three months post-implan-
tation for evaluation.

Results: The patch was successfully implanted using standard vascular anastomosis tech-
niques. Ultrasound examinations showed that blood flow through the patch was well main-
tained, with no aneurysmal dilation, stenosis, or thrombus formation observed. Upon exci-
sion at three months, the luminal surface was extremely smooth, with no visible thrombus
or macroscopic intimal thickening.
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Conclusions: This pilot animal study suggests that ultra-high hydrostatic pressure-treated
autologous skin is a promising material for vascular grafting. Further investigations, includ-

ing histological evaluation and mechanical strength assessment, as well as larger-scale
studies, are necessary.
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ADVERSE INTRAPROCEDURAL EVENTS DURING TRANSFEMORAL CAROTID ARTERY
STENTING THAT MAY REQUIRE CONVERSION TO OPEN SURGERY AS A BAILOUT

Thomas Kalogirou?, Afroditi-Maria Mitka!, Giorgos Koudounas?, Nikolaos Asaloumidis?,
loakeim Giagtzidis®, Christos Karkos!, Konstantinos Papazoglou?

T Vascular Surgery Unit, 5th Surgical Department, “Hippokration” General Hospital of Thes-
saloniki,, Aristotle University of Thessaloniki

2 General Surgery Resident, 424 eviko Stpatiwtiko Noookopueio, Osooalovikn
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Background-Aim: To summarize our experience with patients requiring intraprocedural
conversion to open surgery during transfemoral carotid artery stenting (CAS).

Methods: Our standard CAS approach is transfemoral access, use of open-cell or closed-cell
stents, and distal filters for cerebral protection. We retrospectively analyzed all transfem-
oral CAS patients that required immediate conversion to open surgery as a bailout due to
adverse intraprocedural events. Causes, management and outcome are presented.

Results: Of >700 CAS procedures performed over the last two decades, 5 cases required
conversion to open surgery as a bailout. The first case was complicated by a full filter basket
(Spider Fx), necessitating open surgical removal. In the second patient, the Spider Fx filter
was caught during the attempted retrieval in the distal struts of the carotid stent, requiring
open surgical removal. In the third case, due to technical error, the distal green segment of
a Spider Fx delivery catheter broke off and remained intravascularly, necessitating open re-
moval. In the fourth patient, a closed cell X-act stent had been deployed in a position lower
than the one required to cover the entire carotid lesion. As a result, the stent did not open
fully at the top, rendering withdrawal of the delivery system impossible, and the procedure
was converted to a conventional endarterectomy. In the fifth case, an RX Accunet filter de-
tachment occurred during the attempted retrieval and open surgical removal was required.
Despite the adverse events, all patients had an uneventful outcome.

Conclusions: Conversion to open surgery as a bailout during transfemoral CAS is a rare
occurrence. Experience with the CAS technique, attention to detail and familiarity with the
endovascular materials used are all necessary to avoid some of the above scenarios. Open
surgical removal may be the only option in the rare case of a full filter basket.
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TREATMENT OF SUPERFICIAL VEIN THROMBOSIS WITH INTERMEDIATE DOSE OF
TINZAPARIN IN PATIENTS AT HIGH THROMBOEMBOLIC RISK

Christos Karathanos', Dimitrios Chatzis ?, Aikaterini Karolina Zianika 3,

Konstantinos Nikolakopoulos?®, Panagiotis Latsios®, Vasilios Saleptsis®,

loannis Bountouris’, Stavros Kakkos?, Athanasios Giannoukas?

I Department of Vascular Surgery, University General Hospital of Larissa,Larissaa

2 Department of Vascular Surgery, University Hospital of loannina, loannina, Greece

3 Department of Vascular Surgery, 7DepartmG.N.A “G. Gennimatas” Hospital, Athens
4 Department of Vascular Surgery, General University Hospital of Patras, Patras

°> Private Vascular Surgeon, Kozani

¢ Private Vascular Surgeon, Larissa

7 Private Vascular Surgeon, Athens

8 Department of Vascular Surgery, DepUniversity General Hospital of Larissa, Larissa

Background/Aim: Superficial vein thrombosis (SVT) is considered as a superficial form of
venous thromboembolism (VTE) and may be complicated with deep vein thrombosis (DVT)
and/or pulmonary embolism (PE). Additionally, the thromboembolic risk may be higher
in subgroups of patients. The aim of this study was to access the treatment outcomes of
tinzaparin in intermediate dose in patients with acute SVT and additional thromboembolic
risk factors.

Methods: A multicenter, prospective observational study of consecutive patients with
symptomatic SVT from 17 sites (academic, community hospitals, and specialist practices)
in Greece, was undertaken. Patients were treated with intermediate dose of tinzaparin
(1311U/Kg) once daily for a period that was at the treating physician’s discretion and were
followed up for at least 6 months. Patients were eligible if they had symptomatic SVT 25cm
in length and at least one additional risk factor (=65 years, body mass index 230kg/m?, pre-
vious VTE event, cancer, autoimmune disease, thrombosis of non-varicose veins, thrombus
in a supragenual segment). Primary outcomes were any adverse events including symptom-
atic DVT and/or PE, thrombus extension and SVT recurrence. The principal safety outcome
was major bleeding. Secondary objectives were the evaluation of treatment duration with
respect to the presence of each component of primary and safety outcomes.

Results: A total of 524 patients (322 females, mean age 60.3+14.2 years) were included.
Median treatment duration was 49 days (45-60). Thirty-two patients (6.11%) were treated
for < 30 days and 492 for 230 days. Outcomes related adverse event, occurred in 17 pa-
tients (96.76%, 95% Cl: 95.24% - 98.27%), including 5 cases with DVT (0.95% 95%Cl: 0.12-
1.78%), 1 case with PE (0.19% 95%Cl: 0-0.56%), 5 cases with thrombus expansion (0.95%
95%Cl: 0.12-1.78%) and 9 cases with SVT recurrence (1.72%, 95% Cl: 0.61-2.83%). No major
bleeding events were observed, while 7 patients experienced minor bleeding events (safety
performance: 98.66%, 95% Cl: 97.68-99.65%). Median time to any VTE event was 40 days
(23-159) and for safety events 22 days (21-26). No significant differences were observed
in median treatment duration and in number of risk factors between patients with recur-
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rent VTE event and in patients without [48 days (43-55) vs 49 days (45-60) (p=0.5408) and
2.241.1vs 1.7+1 (p=0.1090), respectively].

Conclusions: Tinzaparin at intermediate dose is an effective and safe treatment for patients
with SVT of the lower limb and additional risk factors.

70 Oral Presentations



d ‘
73r LIVE» @i &

('?LWE .
‘ Oral Presentations

URGENT TREATMENT OF VENOUS THROMBOSIS AND COMPRESSION: A SINGLE CENTER
REVIEW OF 25 CASES USING THE MEDTRONIC ABRE STENT PLATFORM

Triantafyllos Giannakopoulos, Nektario Papa, Michalis Mantelas, Sokratis Konstantinidis,
Konstantinos Vasilas

Vascular & Endovascular Surgery Department, Mediterranean Hospital Of Cyprus, Limassol,
Cyprus

Background/Aims: This study reviews the effectiveness and safety of the Medtronic Abre
stent platform in treating urgent cases of venous thrombosis and compression. Outcomes
measured include technical success, symptom relief, and short-term patency in a diverse
cohort of patients.

Methods: Patients presenting with symptomatic acute or subacute venous thrombosis
and/or extrinsic venous compression between November 2022 and February 2025 under-
went urgent/emergent endovascular recanalization with or without thrombectomy/throm-
bolysis in a hybrid operating theatre setting. Lesions were dilated with the Bard Atlas Gold
platform and treated using the Abre stent system under routine guidance of intravascular
ultrasound. Primary endpoints included technical success (restoration of venous flow) and
immediate symptom relief. Secondary endpoints were short-term patency, re-thrombosis
rates, and post-procedural complications.

Results: Twenty-four patients (20 males, 4 females; mean age 70 years, range 40-83) un-
derwent 25 interventions. Twenty cases involved thoracic venous outflow occlusion proxi-
mal to end-stage-renal-disease (ESRD) patients’ arteriovenous vascular access. Three cases
were neoplasm induced venous obstruction and 1 case presented as phlegmasia cerulea
dolens in a relatively young female with colon neoplasia and concurrent May-Thurner. Tech-
nical success was 100% with the stents successfully deployed and restoring venous flow. On
average, 1.25 stents were used per intervention.

Regarding symptom relief, all patients (100%) reported significant improvement in their
symptoms, such as reduced limb pain and swelling within 48 hours of the procedure.

Mean follow-up was 12.9 months (1-28 months) and primary patency was maintained in
21 out of 24 patients (87.5%). Of the three ESRD patients who did not maintain primary
patency, one (4.1%) experienced early occlusion in two weeks post-intervention and was
converted to a HERO graft. The second patient suffered stent occlusion 11 months post im-
plantation and was successfully managed with recanalization and repeat stenting with no
further complications. The third patient developed stenosis at 6 and 18 months which was
resolved by re-angioplasty.

Post-procedural complications were zero while no cases of stent migration or fracture were
observed during the study period.

Conclusion: The Abre stent system demonstrated high technical success and effective
symptom relief in urgent cases of venous thrombosis and compression. Short term primary
patency rate was favorable although re-thrombosis remains a concern. These results sug-
gest that this stent platform is a valuable tool for managing acute venous conditions.

Oral Presentations 71



-

Oral Presentations

d
13 LIVEx» @i =

(?P LIVE

Friday May 16,2025
Conference Room 2
14.45 - 16.00

MID-TERM RESULTS OF FEMORO-POPLITEAL BYPASS WITH THE USE OF A HEPARIN-BOND-
ED ePTFE GRAFT: EXPERIENCE OF TWO VASCULAR CENTERS IN GREECE

Konstantinos Batzalexis?, Konstantinos Dakis?, Alexandros Barbatis?, Dimitrios Chatzelas?,
Georgios Kouvelos!, Konstantinos Spanos?, Georgios Pitoulias?, Athanasios Giannoukas?

I Department of Vascular Surgery, University Hospital of Larissa, Faculty of Medicine, School
of Health Sciences, University of Thessaly, Larissa, Greece

2 Division of Vascular Surgery, 2nd Department of Surgery, Faculty of Medicine, School of
Health Sciences, Aristotle University of Thessaloniki, “G. Gennimatas” Hospital, Thessalon-
iki, Greece

Background-Aim: There is still big controversy in the literature whether an endovascular or
bypass intervention strategy is the best option for patients with chronic limb-threatening
ischemia (CLTI) and infrainguinal disease. The aim of this study is to report mid-term results
of infrainguinal bypasses in patients with CLTI using ePTFE grafts and their comparison with
vein bypasses.

Methods: Between 2017-2025, 109 patients submitted to infrainguinal revascularization
using a heparin-bonded ePTFE graft (HepBePTFE) or a vein conduit, in two Greek vascu-
lar centers. Patients pre-, intra- and postoperative, as well as follow-up (FU) data were
prospectively collected in a registry. Early and mid-term results were analysed in terms of
primary and secondary graft patency, amputation and survival rates with Kaplan-Meyer
curves; Cox regression analysis for primary, secondary patency, amputation and survival
was also performed.

Results: Patients were predominantly male (89.9%), with a mean age of 70 years. CLTI was
present in 82 patients (75.2%), with Rutherford class 5 or 6 in 55% (60/109). 80 patients
(73%) received an above-knee (AK). In all patients with AK bypass, a HepBePTFE graft was
used. Among patients with BK bypass (29), a vein conduit was used in 17 cases, while an
ePTFE graft in the rest.

30-day mortality rate was 2,75%. Mean follow-up period was 15.5 months (S.D. 16.4, range
1-69). Primary, secondary patency and limb salvage were 86.1% (standard error, SE, 0.09),
94.5% (SE, 0.09) and 88.1% (SE 0.06) at 32 months respectively. Overall survival rate was
78.9% (SE 0.16) at 72 months of FU. Comparing patients with AK and BK bypasses, primary
patency rates were 88.6% at 32 months and 79.3% at 24 months (p=0.039, log rank 4.2),
while secondary patency rates were 96.3% and 89.7% at 32 months, respectively (p=0.019,
log rank 5.4). In patients with an ePTFE graft compared to those with a vein conduit, prima-
ry patency rates were 87.8% at 32 months and 77.8% at 18 months, respectively (p=0.042,
log rank 4.1). Cox regression analysis showed rutherford 5 and 6 was the only factor associ-

Oral Presentations 83



L

15-17 may 2025 ATHENS - GREECE

ated to amputation during FU. (p=0.034, log rank 4.2).

Conclusion: The use of a HepBePTFE graft showed good early and mid-term results, with
optimal primary patency and excellent secondary patency rates. Despite the small numbers
of the study, it seems that HepBePTFE graft can be considered an acceptable alternative to
autologous vein when it is unavailable or of poor quality, especially in the AK setting.
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