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DEDICATION
This HJVES Issue is dedicated to Panagiotis Dimakakos, Emeritus Professor of Vascular Surgery and former Director of the 2nd
Department of Surgery of Aretaieio Hospital, and to Dimitrios-Solon Georgopoulos, former Director of the Department of
Vascular Surgery, General Hospital of N. Ionia Konstantopoulio - Agia Olga. The HJVES expresses its heartfelt condolences to
their families and to their students who serve Vascular Surgery throughout Greece.

Panagiotis Dimakakos was one of the founders of Vascular Surgery in Greece and left the mark of an excellent surgeon and
teacher. His great work which, apart from vascular surgery textbooks, includes also literary works, is one of the most important legacies to his many students. He spent the last years of his life - following his spiritual calling - as a monk in the Holy
Monastery of Vatopedi on Mount Athos, where he was buried on Wednesday 1/12/2021.

Dimitrios-Solon Georgopoulos pioneered the establishment of vascular surgery as a separate specialty in 1989. He constructed the Greek umbilical cord blood vessel substitute at the Tissue Transplant Bank of the National Centre of Scientific Research
“Demokritos” and a special valvulotome at the Heinrich-Heine University in Düsseldorf. In addition to his various scientific
achievements, he was the author of more than thirty medical books that were distributed free of charge.
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Stroke after thoracic endovascular aortic aneurysm repair. Can we “plug”
this phenomenon?
Georgios Karaolanis MD, PhD
Vascular Unit, Department of Surgery, University of Ioannina, and School of Medicine, Ioannina, Greece
Thoracic endovascular aortic repair (TEVAR) has improved the
survival rate in patients with thoracic aortic disease (TAD) over
open surgery with reported elective 30-day mortality rates of
3-8%.1 However, neurological brain injury (NBI) remains the
most feared complication following TEVAR, and can manifest
as clinically overt stroke increasing the early mortality rate.2
Strokes are mainly embolic stemming from the manipulation of endovascular instruments (stiff wires, catheters and
delivery devices up to26Fr in size) through the aorta, often
diseased with significant atheroma. Risk factors for embolic
stroke include a more proximal extent of repair, acute aortic dissections, the large atherosclerotic burden of the aortic
arch, intraoperative hypotension, chronic renal insufficiency,
and known cerebrovascular disease.3
Recently, a study sheds light on another embolic mechanism of stroke, the gaseous embolization that is appeared
during the deployment of all commercially available TEVAR
devices.4 This phenomenon results from the retention of a
significant amount of “air bubbles” during the manufacturing
processes, despite flushing with heparinized-saline to remove
air within the device.4
Besides the embolic events, reduction in global cerebral
perfusion is another leading cause of stroke perioperatively.5
Up to 40 % of all patients undergoing TEVAR have lesions that
extend to or involve the orifice of the left subclavian artery
(LSA), which demand coverage of the LSA for adequate stentgraft seal.5 This stroke scenario after LSA coverage was confirmed by a recently published study that revealed a pooled
stroke rate up to 5.8% and 7.8% for the revascularized and
no-revascularized group of patients, respectively.6 Taking
these results under consideration the use of fenestrated grafts
seems to be a promising solution to prevent occluding branches of the aortic arch, but more studies are needed to support
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the benefit of these devices.7
Additionally, it should be highlighted that the stroke rate
increases significantly as more the TEVAR moved toward the
aortic arch. This conclusion has been stated from a recently
published study that reported a 14% stroke rate for TEVAR in
Ishimura zone 0. The authors concluded that this zone should
be reserved only for patients at absolute prohibitive risk of
open repair.8
Nowadays, few high-quality data exist regarding strategies
to reduce stroke or cerebral infraction during TEVAR, and currently, there are scarce recommendations for intraoperative
monitoring of brain function, perfusion, and postoperative
evaluation of cerebral damage.9 Some neuroprotective strategies against gaseous and cerebral embolization after TEVAR
have been proposed, including the “CO2 flushing” of TEVAR
devices and the potential use of cerebral embolic protection
devices (CEPD). In the former case, the “flushing” technique
replace the air within the spaces of the delivery system and
stent-graft with less harmful gas, while in the last case, the
CEPD, thanks to their design, permits the ongoing cerebral
perfusion while reducing embolic phenomena by solid debris
(either by filtration or diversion of debris away from the cerebral circulation.4, 6
Regarding the intra and postoperative evaluation of brain
function after TEVAR, the Transcranial Doppler (TCD) and the
diffusion-weighted magnetic resonance imaging (DW-MRI)
seems to be two reliable imaging modalities. The TCD has the
ability during the TEVAR procedure to identify several highrisk phases for cerebral microembolization, while another significant characteristic of this imaging modality constitutes the
capacity for discrimination of nature of emboli (solid or gas)
based on the acoustic impendence and ultrasound reflectivity.
Recently, a study using TCD monitoring during TEVAR detects
microemboli, of which 90% were of gaseous origin.10 On the
other side, DW-MRI has the capacity to identify silent brain
infarction (SBI) in up to 81% of patients within the first week
after TEVAR involving the aortic arch.7
To understand better the incidence of, and risk factors for,
stroke and cerebral damage after such procedures, the Stroke
from Thoracic Endovascular Procedures (STEP) collaboration
was initiated.7 The STEP collaboration brings together multidisciplinary expertise from vascular surgery, neurology, neuroradiology, and interventional cardiology. This collaboration
was compiled by operators who were considered experienced
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by manufactures in the use of thoracic stent-grafts in the ascending aorta and the aortic arch. Preliminary results of STEP
collaborators study demonstrated an incidence of silent brain
infarction (SBI) of 50% (45/91) detected by DW-MRI postoperatively.7 The authors concluded that the SBI exist after TEVAR
while highlighting the need for the development of innovative
strategies to reduce embolization events.7
Summarizing the knowledge so far, stroke after TEVAR is
often reported by the operator and not independently assessed by a neurologist. Further studies to investigate preventive strategies and provide evidence to improve cerebral
outcomes after TEVAR are needed. STEP collaborators made
the first step consisting a significant group of experts who will
shed more light in this critical issue.
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Thoraco-Aorto-Bi-Femoral Bypass for extensive aorto-iliac disease in patients
with anatomic constraints for standard infrarenal aortic bypass
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Abstract:
Introduction: Endovascular techniques are increasingly used to treat aorto-iliac occlusive disease that causes disabling
claudication or chronic limb threatening ischemia (CLTI). Nevertheless, open surgical reconstruction is still needed in patients with extensive and diffuse disease and aorto-bi-femoral or aorto-bi-iliac bypass is the standard of care for patients
fit to undergo a major surgical intervention. Specific anatomic constraints such as juxtarenal arterial disease and/or
hostile abdomen may increase the technical difficulty of the procedure and the risk for possible complications. In these
cases, other surgical techniques such as axillo-bifemoral bypass have been employed. Thoraco-aorto-bi-femoral bypass
(TABFB) has also been used in this setting, but data are limited. We aim to report a single-center’s experience with this
technique.
Materials & Methods: This is a single institution, retrospective descriptive study including all patients undergoing TABFB
during an 8-year period, from 05/2013 till 05/2021. Baseline characteristics, peri-operative and follow-up data were
collected.
Results: In total TABFB was attempted in 10 patients, 6 with CLTI and rest pain, 3 with wet gangrene and in 1 with disabling claudication and an infected, patent, axillo-bifemoral bypass. All patients presented juxtarenal aortic disease, while
2 had a previous aortic procedure (one occluded aorto-bi-femoral bypass and one case of occluded kissing stents). In one
patient, the procedure was converted to axillo-bi-femoral bypass, because he could not tolerate left lung isolation. All
patients were admitted to the intensive care unit immediately postoperatively, where they stayed for a mean of 2.1±1.1
days. No peri-procedural mortality was recorded, while mean hospitalization time was 13.9±3.9 days. All patients presented a significant improvement of the ankle-brachial index, with a mean postoperative value of 0.86±0.16, compared
to 0.27±0.15 preoperatively. During a mean 32-month follow-up, limb salvage was achieved in all cases, while 2 patients
died due to unrelated causes. Primary patency was 100%.
Conclusion: TABFB presents favorable peri-operative and mid-term results in this small case-series of selected patients
with aorto-iliac occlusive disease and anatomic constraints for standard aorto-bi-femoral bypassthat was performed in
a specialized tertiary center. Further follow-up and more cases are needed to establish efficacy and applicability of this
technique.
Keywords: Aorto-femoral bypass, juxtarenal aortoiliac occlusive disease, hostile abdomen, renal artery embolism, extra-anatomic bypass, thoracotomy

INTRODUCTION
Aorto-iliac occlusive disease (AIOD) may significantly affect
quality of life of patients causing intermittent claudication (IC)
or even pose a threat for the limb if it causes chronic limb
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threatening ischemia (CLTI). Currently, endovascular interventions are becoming increasingly popular for the treatment of
these lesions, having replaced open surgery in most cases.1
Moreover, accumulated experience along with significant
technologic advances of endovascular means, are constantly
expanding indications of endovascular treatment.2 Indeed,
complex disease patterns such as total infra-renal occlusion
which were considered as an absolute indication for open repair, are currently treated using endovascular techniques with
favorable outcomes.3 Nevertheless, aorto-bi-femoral and/or
aorto-bi-iliac bypass is still considered the gold standard in patients with extensive AIOD who are good surgical candidates.
Since disease patterns that can be treated endovascularily
are increasingly expanding, anatomic complexity of patients
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undergoing open surgical reconstruction has progressively increased.4 Therefore, currently patients with aorto-iliac disease
not amenable to endovascular treatment often present juxtarenal disease, which make standard aorto-bi-femoral bypass
technically challenging and increase the potential for complications. Alternative surgical techniques may be used in this
setting, such as axillo-bi-femoral bypass, but these present an
inferior hemodynamic result and more importantly, inferior
long-term outcomes.
The thoracic aorta has been used as inflow site for peripheral arterial bypass but data regarding this operation are very
limited due to limited experience in most institutions. With
the current report we aim to present our experience with the
use of this technique in selected cases requiring bypass for
aorto-iliac disease in the presence of anatomic constraints for
standard infrarenal aorto-bi-femoral bypass.
MATERIALS AND METHODS
Study design
This is a single center retrospective, descriptive study including all consecutive patients who had a thoracic aorto-bi-femoral bypass (TABFB) from 05/2013 to 05/2021. In our institution, patients with IC undergo interventional or surgical treatment on a selective basis. Young and fit patients with disabling
claudication due to extensive AIOD (TASC C and D lesions) are
typically treated with standard infrarenal aorto-bi-femoral
bypass. Older and more compromised patients with a similar
anatomical distribution are mostly managed conservatively. In
case of patients who are considered poor surgical candidates
for open repair, an endovascular approach is attempted if the
endovascular recanalization is considered feasible. An axillo-femoral bypass is an alternative treatment strategy in this
latter group of patients if the endovascular approach fails or
if this is considered not feasible. TABFB is currently used only
in low or medium risk patients as indicated by an American
Society of Anesthesiology (ASA) score 2, who suffer from CLTI
due to extensive AIOD in the presence of specific indications.
These are:
• significant juxtarenal involvement which makes manipulation of the aorta problematic,
• hostile abdomen making access to the aorta difficult
and
• previous failed aortic intervention.
Due to the fact that during the procedure the left lung is
isolated, special attention was given to the pulmonary status
of the patients and pulmonary status stage 1 (asymptomatic
or mild dyspnea on exertion, mild chronic parenchymal radiograph changes, pulmonary function tests 65% to 80% of
predicted) as reported in the SVS clinical commorbidity score
system5 was the minimum requirement for patients to be considered suitable candidates for TABFB. Patients with more advanced pulmonary disease were excluded.
Technique
Under combined thoracic epidural and general anesthesia and

with the use of double lumen endotracheal tube, the patient
is placed with the pelvis supine and the thorax rotated to the
right by 60ο, with the left arm hanging to the right. The surgical table is then bent in the middle to place the patient in
a semi-right, lateral, jack-knife position to facilitate maximal
separation of the iliac crest and costal margin. A posterolateral
thoracotomy is performed on the 8th or 9th intercostal space
depending on each patient’s body habitus. Ventilation of the
left lung is ceased and following its collapse, the inferior pulmonary ligament is divided, and the parietal pleura is opened
to expose the distal descending thoracic aorta. A vessel loop is
placed to offer vessel control. Care should be given to avoid injuring any intercostal arteries. Simultaneously, exposure of the
distal outflow vessels is achieved depending on the patient’s
anatomy or pathology, usually through bilateral longitudinal
inguinal incisions and exposure of the femoral arteries. In cases
where a femoral area is infected and needs to be avoided, the
graft can be passed through the obturator foramen to the superficial, profunda femoris or popliteal artery. If the obturator
foramen on the right is to be used then a right oblique retroperitoneal incision is needed, in order to expose the obturator
foramen and to facilitate secure passage of the graft limb.
The left femoral incision is expanded cranially about 10-15
cm supra-inguinally in order to facilitate entrance to the left
retroperitoneal space, after mobilization of the inguinal ligament. An alternative technique to gain access to the retroperitoneal space would be through an oblique lower abdominal
incision, the choice between the two techniques being based
on each individual surgeon’s experience and preference. The
peritoneum is bluntly dissected posterior to the left kidney up
to the left hemi-diaphram. A small incision is performed on
the diaphragm, under direct visualization via the thoracotomy,
at the boundary between its tendonous and muscular portion
of the diaphragm, and the graft is passed bluntly down to left
retroperitoneal incision (Figure 1).

Figure 1: Retroperitoneal course of the graft as displayed in a postoperative axial CT image.

After patient’s heparinization (80 IU / kg) and partial
clamping of the descending aorta with a Satinsky clamp, a bifurcated synthetic graft 14/7 or 16/8 mm (according to distal
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target vessel size) is anastomosed to the aorta (Figure 2).6 The
left limb of the graft is anastomosed to the common femoral or the profunda femoral artery having passed through the
femoral foramen, but other distal sites can also be used (superficial femoral or popliteal artery). Usual graft limbs are too
short to directly reach the right target vessel thus another
tube graft (6-8 mm diameter) is anastomosed at the retroperitoneal access site and the right limb is passed in a preperitoneal space, behind the rectus abdominis muscle, over the
bladder and through the right femoral foramen to be sutured
to the contralateral common femoral artery (Figure 3). A retroperitoneal route for the right limb has also been described,
but most studies use a preperitoneal route, similar to the
present report.7-9 A chest tube is placed and the surgical incisions are closed. The epidural anesthesia catheter is not immediately removed to provide post-operative analgesia, and
is usually removed after the 3rd - 4th post-operative day, after
which intravenous or oral analgesics are continued. If there is
no specific reason to do otherwise (i.e., patients with Atrial Fibrillation), patients are prescribed single anti-platelet therapy,
preferentially with clopidogrel.

Figure 2: Intra-operative photograph showing the thoracic incision,
the side clamp of the thoracic aorta and the construction of the proximal anastomosis.

Figure 3: The preperitoneal course of the right limb is shown
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Outcomes
Baseline information such as demographic data and comorbidities were recorded. Bilateral preoperative Ankle Brachial
Index (ABI) values were also recorded. Intra- and peri-operative variables such as procedural duration, blood loss, Intensive Care Unit (ICU) stay, length of hospitalization, per-operative morbidity and mortality were analyzed. Severity of
complication was graded according to the Society of Vascular
Surgery reporting standards.10
During follow-up, patients were evaluated 3 months after
the index procedure and annually thereafter. During follow-up
visits the patients were queried for new symptoms, a physical
examination was performed, and ABI was recorded.
Statistical report
Quantitative data are presented as mean ± standard deviation,
and categorical data as numbers and rates (%).
RESULTS
Patient characteristics
From May 2013 to May 2021 TABFB was attempted in 10
patients for juxtarenal aortoiliac occlusive disease in our department. All patients were male with a mean age of 62.5±9.6
years and presented the typical comorbidities of a cohort with
CLTI such as high rates of smoking, hypertension, and hyperlipidemia. Mean pre-operative ABI was 0.27±0.15. Six patients
presented with CLTI and rest pain (Rutherford’s category 4),
3 patients had ischemic necrosis and wet gangrene (one case
with Rutherford’s category 5 and two cases Rutherford’s category 6 lesions) in the toes and 1 patient had disabling claudication (Rutherford’s category 3) in the presence of an infected
(patent) axillo-bi-femoral graft. All patients presented juxta-renal arterial disease with significant atherosclerotic burden and calcification at the level of the renal arteries, which
was judged unsuitable for clamping and/or construction of a
proximal infrarenal / juxtarenal anastomosis (Figures 4 and 5)
or had an abdomen considered to be hostile. Except for the
patient with the patent axillo-bi-femoral bypass, 2 more patients had a previous revascularization procedure, one had an
occluded aorto-bi-femoral bypass performed 4 years ago and
the other had undergone kissing stenting of the aortic bifurcation and common iliac arteries which were occluded. Among
20 limbs, the Superficial Femoral Artery (SFA) was the outflow
vessel in 10 cases, while in the remaining 10 the target was
the PFA, in the presence of an occluded SFA. No outflow procedures such as femoro-popliteal bypass were performed in
any of the patients. Femoral endarterectomy was required
in the recipient femoral artery in 5 cases. In the patient with
the previous infected Axillo-bi-femoral graft, this was partially removed at the right groin while the rest of the graft did
not show clinical or radiological signs of infection and it was
not removed. The right limb of the TABFB was directed to the
superficial femoral artery from an extra-anatomical plane,
through the obturator foramen. Patients’ characteristics are
reported in Table 1.
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Figure 4: Juxtarenal aortic disease in a patient that underwent TABFB.
Figure 5A		

Figure 5B

Figure 5: 3-Dimensional reconstruction of two cases with TABFB.
Note that in Panel A there are occluded kissing stents in the infra-renal aorta while in Panel B, the right limb is directed through the obturator foramen to avoid an infected groin (facilitated via another
oblique incision at the right lower abdominal quadrant).

Age (years)
Gender
Smoking
Arterial hypertension
Hyperlipidemia
Diabetes
Renal insufficiency
CAD
COPD
Previous Revascularization
Rutherford’s Category

62.5±9.6
10 Male: 0 Female
10/10 (100%)
8/10 (80%)
7/10 (70%)
3/10 (30%)
0/10 (0%)
3/10 (30%)
2/10 (20%)
3/10 (30%)
Category 3 n=1, Category 4
n=6, Category 5 n=1,
Category 6 n=2

Table 1: Baseline characteristics of the patient cohort. CAD coronary
artery disease, COPD Chronic Obstructive Pulmonary Disease

Peri-operative variables
The operation was successfully completed in all but one patient. This patient presented moderate Chronic Obstruc-

tive Pulmonary Disease (COPD) and could not withstand intra-operative left lung isolation, so in this case the thoracic
wound was closed and the procedure was converted to an
axillo-bi-femoral bypass. Among 9 patients in whom the TABFB was completed, mean procedural time was 190±43 min.
Mean blood loss was 650±175 ml. All patients were admitted
to the ICU immediately postoperatively, where they stayed for
a mean of 2.1±1.1 days. At the end of the procedure 4 patients
were extubated on the operation table, while in the remaining
5 patients the double lumen was replaced by a single lumen
endotracheal tube and extubation was achieved later during
the day. Six patients were hemodynamically stable immediately post-operatively, while 3 patients needed minor vaso-constrictive support for a few hours. No peri-procedural mortality
was recorded. One patient presented bleeding in the thoracic
cavity in the 2nd post-operative day and he underwent surgical
exploration where a hemostatic suture was placed in the proximal anastomosis. Other adverse events recorded were, one
patient who suffered a myocardial infarction during the 4th
postoperative day and another one who presented a refractory pleural fluid collection which required a chest tube for
several days and prolonged length of hospital stay. All patients
were discharged in good condition, after a mean of 13.9±3.9
days. Postoperative ABI presented a mean value of 0.86±0.16.
Among 18 limbs treated with TABFB 15 were markedly and
3 moderately improved according to Rutherford’s scale for
gauging changes in clinical status.10 These results are summarized in Table 2.
Procedural duration (min)
Blood loss (ml)
ICU stay (days)
Length of stay (days)
Major complications
Reinterventions
Limb Salvage
ABI
Peri-procedural mortality

190±43
650±175
2.1±1.1
13.9±3.9
2/9 (22%)
1/9 (11%)
18/18 (100%)
PreOp 0.27±0.15,
PostOp 0.86±0.16
0/9 (0%)

Table 2: Procedural details and peri-procedural outcomes. ABI: Ankle-Brachial Index, ICU: Intensive Care Unit

Follow-up data
After a mean of 32 months follow-up ,7 of 9 patients were
alive. Two patients died 15 and 24 months after the procedure due to unrelated causes (one case of lung cancer and
one case of myocardial infarction). Limb salvage was achieved
in all cases. Primary patency was 100%, while there were no
cases that required a secondary procedure to preserve or restore patency of the bypass. Symptoms of peripheral arterial
disease were not reported by any of the patients during follow-up. The mean value of the last ABI available was 0.9±0.13
Discussion
The current report describes a contemporary single center
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experience with the use of TABFB in a selected group of patients, in whom endovascular recanalization was not feasible
and direct surgical reconstruction with standard infrarenal
aorto-bi-femoral bypass was considered risky due to specific anatomic constraints. Juxtarenal atherosclerotic disease
may be present in 10%-12% of all aorto-iliac occlusions and
in this case clamping of the aorta in a supra-renal (or even
supra-mesenteric or supra-celiac) level may be required.7,11
In this case the potential for complications is high and it has
been previously reported that all relevant outcomes are significantly worse when the proximal clamp is placed suprarenally.
Specifically, overall complication rate has been indicated to increase from 37% to 61%, 30-day mortality from 2.9% to 6.1%,
and postoperative renal insufficiency from 7.7% to 29.3%.12
Similarly, mesenteric occlusive disease has been demonstrated in 20% of patients with lower limbs peripheral arterial disease and although this may not be clinically apparent in most
patients and does not require any interventional treatment, it
certainly poses significant technical challenges during direct
aortic revascularization.13,14
In circumstances as those mentioned above, TABFB may
be considered as an alternative to infrarenal aorto-bi-femoral
bypass. This later procedure is still considered the standard of
care for patients with aorto-iliac occlusion because it has been
shown to be accompanied by an operative mortality 2-5%, a
systemic morbidity rate of 15-20% and an excellent primary
patency rate >85% after 5-years of follow-up.15-17 Although this
is considered a major vascular procedure and compares unfavorably with endovascular techniques in terms of periprocedural mortality, morbidity and length of hospital stay, it provides a durable outcome with superior technical success and
primary patency rates, although primary assisted patency
may be comparable with that of novel endovascular procedures like Covered Endovascular Reconstruction of the Aortic
Bifurcation (CERAB).17-19 Nevertheless, in cases with juxtarenal
occlusive disease neither of these techniques may be suitable
and in such occasions TABFB may provide a safe and durable
therapeutic alternative.
According to our results, despite being a major procedure,
TABFB can be offered at a low rate of peri-procedural mortality and major morbidity. At the same time, an excellent hemodynamic result is achieved, since the descending thoracic aorta is often free of disease and serves as an exceptional inflow
site. The fact that aortic clamping is only partial, is a major
advantage of this procedure, since intra-abdominal organs are
not subjected to any ischemia time, resulting in low complication and mortality rates. Previous research has indicated that
supra-renal cross clamp time is the most critical determinant
of the possibility of serious complications or death.20 In the
case of TABFB the effect of aortic cross clamp is significantly
blunted by the fact that antegrade aortic flow continues uninterrupted throughout the operation, even when constructing
the proximal anastomosis. Considering that the descending
thoracic aorta is somewhat larger than the abdominal aorta,
even with an approximately 50% reduction of the aortic lumen during partial clamping, as estimated by our experience,
the remaining lumen is more than adequate to fully supply
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the lower body during the anastomosis. Previous studies report mostly similar results with the use of TABFB. A recent
study reviewed patients that received this procedure in a single institution between 2002 and 2017 and included 41 cases
recording a 30-day mortality rate of 5%, a 3-year graft patency
of 80%, a freedom from major adverse limb events of 70% and
a 5-year survival of 93%.8 An additional contemporary study
evaluated 20 patients, reporting no perioperative death and
excellent patency rates of 100% at 1-year and 94% at 5-year
follow-up.7 Passman et al reported the largest cohort of patients undergoing TABFB (50 cases) up to date, reporting similarly favorable outcomes.9
Our study along with previous reports delineates the indications of TABFB. Except for juxtarenal aortic disease, the
presence of primary aortic procedures such as a previous
aorto-bi-femoral bypass, graft infection, hostile abdomen and
horseshoe kidney, all may be accounted as relative indications
for TABFB. According to our experience, we speculate that
this procedure could pose a less severe physiologic insult to
patients compared to standard aorto-bifemoral bypass because in the small patient cohort reported here, partial aortic
clamping was well tolerated from patients, so as the need for
hemodynamic support by the anesthetic and intensive care
teams was reduced and patient recovery was shortened. Additionally, it possibly presents a superior hemodynamic effect
compared to axillo-bi-femoral bypass which results in favorable long-term patency and limb salvage rates. Remarkably, in
our series 100% primary patency and limb salvage was observed, even in patients with outflow disease (occluded SFA).
Of course, similarly to any surgical/interventional procedure,
adequate experience with the use of this technique is important if proper patient selection and optimum outcomes are
to be achieved. Moreover, patients with significant coexistent
systematic disease may not be suitable candidates to undergo TABFB. In our experience, pulmonary status of the patients
represents the most significant predictor of intraoperative
and postoperative complications. Patients with significant deterioration of respiratory function may not tolerate left lung
isolation, which resulted in one case of conversion to axillo-bi-femoral in the current series and also may predispose to
a higher susceptibility of infection, atelectasis and pleural effusion postoperatively. In these cases, axillo-bi-femoral bypass
may be a more reasonable therapeutic choice.
CONCLUSION
TABFB was performed with low mortality and morbidity rates
and provided excellent short and mid-term results in selected
patients with extensive AIOD and juxtarenal aortic involvement or hostile abdomen, treated in a specialized tertiary
center. Further follow-up and more cases are needed to establish efficacy and applicability of this technique.
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Near occlusion of the internal carotid artery: interventional or conservative
treatment?
Part I: Clinical scenario
John D. Kakisis, Constantine Antonopoulos, George Geroulakos
Department of Vascular Surgery, School of Medicine, National and Kapodistrian University of Athens, “Attikon” University
Hospital, Athens, Greece
Carotid near occlusion (CNO) is defined as a 95-99% stenosis
of the internal carotid artery (ICA) with distal ICA collapse or
a narrow calibre lumen with “trickle flow”.1 According to the
2017 Clinical Practice Guidelines of the European Society for
Vascular Surgery (ESVS) on the Management of Atherosclerotic Carotid and Vertebral Artery Disease, even in symptomatic patients with a chronic ICA near-occlusion, carotid endarterectomy or carotid stenting are not recommended, unless
associated with recurrent ipsilateral symptoms (despite optimal medical therapy) and following multidisciplinary team
review (Class III, Level C).1 The recommendation was based
on a pooled analysis of the subgroup of patients with near
total occlusion participating in these trials ( NASCET, ECST, and
VA309), which concluded that “benefit in patients with carotid
near-occlusion is marginal in the short-term and uncertain in
the long-term”.2
These three randomized controlled trials (RCTs) were published between 1991 and 1998 and no other RCT has been
published ever since, comparing interventional versus conservative treatment in patients with CNO. Consequently, a
recent meta-analysis by the Cochrane Library has reproduced
the conclusion that there was not “any benefit of carotid
surgery for those in whom … the carotid artery was almost
blocked (near occlusion)”.3 On the other hand, several meta-analyses of observational analyses reporting separately on
patients with CNO treated by carotid endarterectomy (CEA),
carotid stenting (CAS) or best medical therapy (BMT) concluded that “BMT alone may be not enough to support a better
prognosis than CEA or CAS for patients with CNO”,4 that “BMT
alone is not superior to CEA or CAS with respect to 30-day or
1-year stroke or death prevention in patients with CNO”,5 and
that “an intervention is probably indicated for patients with
Author for correspondence:
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street, Haidari 12462, Athens, Greece
E-mail: kakisis@med.uoa.gr
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near total ICA occlusion”.6
The purpose of the article is to highlight current concerns
on the management of patients with CNO in a real-world clinical case.
CASE REPORT
A 78-year-old male presented to the outpatient clinic of our
hospital with the diagnosis of near occlusion of the left ICA.
The patient had suffered a stroke presenting with dysarthria
and right-sided hemiparesis, for which he had been admitted in the Department of Neurology of another hospital five
months earlier. A colour duplex ultrasound scan at that time
revealed a tight stenosis of the left ICA with trickle flow beyond
the stenosis suggestive of near occlusion of the left ICA, and
a stenosis of the right ICA of 50-69%. The patient had history
of coronary artery disease, hypertension, diabetes mellitus,
hypercholesterolemia and smoking. During his hospital stay,
he had experienced chest pain accompanied by increased troponin levels and the diagnosis of acute myocardial infarction
had been made. The patient was treated conservatively and
was discharged a week later on aspirin 100 mg od, clopidogrel
75 mg od, rosuvastatin 40 mg od and his previous anti-hypertensive and anti-diabetic therapy.
The myocardial infarction as well as his fear of Covid-19
infection during a potential new hospitalization accounted for
the patient’s delayed presentation. Neurological examination
revealed a significantly improved clinical picture with the only
residual symptoms being a mild weakness in the patient’s right
upper extremity and a slight difficulty in speech. The patient
was scheduled for a magnetic resonance angiography (MRA)
of the carotids, which verified the near occlusion of the left
ICA with full collapse of the ICA lumen distal to the stenosis
(string sign) (Figure).
At this point, we were faced with the dilemma of how the
patient should be treated: conservatively or interventionally
(either by endarterectomy or stenting).
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Figure: (A) CTA of the carotid arteries illustrates a tight stenosis of
the left ICA (arrow) with a fully collapsed distal ICA (arrowheads). (B)
Note the difference in the diameter between the distal left (arrowheads) and right (bent arrows) carotid artery.
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Near occlusion of the internal carotid artery: interventional or conservative
treatment?
Part II: For the motion. Carotid near occlusion should be treated
conservatively
Vangelis G. Alexiou
Vascular Unit, Department of Surgery, University of Ioannina and School of Medicine, Ioannina, Greece
In 2003, Rothwell et al published an analysis of pooled data
from the NASCET and ECST trials, the only to date completed
RCTs that compare CEA with BMT in patients with symptomatic carotid stenosis.1 The researchers revisited the angiograms
of all patients included in the above RCTs to identify near-occlusions based on uniform criteria; namely the NASCET angiographic criteria: severe stenosis with evidence of flow reduction in the distal ICA (delay of contrast arrival into the distal
ICA, or presence of collateral flow towards the symptomatic
cerebral hemisphere) and presence of narrowing of the ICA
distally to the stenosis (lumen diameter similar to, or less
than, the ipsilateral ECA and less than the contralateral ICA).
The researchers reported no significant benefit of CEA over
BMT. Based on the above evidence, the current ESVS guidelines recommend conservative management with BMT for
symptomatic patients with a chronic ICA near-occlusion.2
It should be noticed that, based on the above angiographic definitions, carotid near-occlusion is a severe stenosis with
distal artery collapse; this collapse may range from subtle,
referring to just an obvious reduction of the vessel diameter
compared to the original size, or even almost total, including
cases of an extremely narrow residual lumen and a collapsed
distal portion that resembles a thin string - a threadlike appearance.3 It is reported that more than 90% of the patients
studied by the NASCET and ECST trials had carotid near-occlusion with subtle distal collapse.3
In 2015, a study by Johansson et al., confirmed that patients with a symptomatic ICA near occlusion with a subtle distal collapse had a very low 90-day risk (actually 0%) of stroke
recurrence.4 This is in keeping with the RCTs and the guideAuthor for correspondence:
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lines.1,2 However, the study raised a question about patients
with near-occlusion and total distal collapse - same as the
patient whose management we are debating in this paper.4
There were only 4 patients with near-occlusion and total distal
collapse and those had an increased risk for recurrent stroke
(43%). Of course, it is extremely unsafe to draw any conclusions based on a sample of 4 patients. Similar results were
reported by Gu et al in 2020.5 Still, the small numbers and the
non-RCT design of such studies should make us really skeptical
about the applicability of their results.
Interestingly, a study, published in 2020, assessing the sensitivity and specificity of computed tomography angiography
(CTA) for carotid near-occlusion diagnosis showed that carotid
near-occlusion is systematically under-reported.6 Even experienced radiologists may mistake near-occlusion for stenosis
without distal artery collapse, by not noticing and by interpreting incorrectly a subtle distal collapse or by mistaking a
near-occlusion with total collapse for carotid total occlusion.
Impressively, the average sensitivity for correct diagnosis of
carotid near-occlusion, among the radiologists participating in
this study, was 8% and the diagnosis that was most frequently
missed was near occlusion without distal collapse.6 The above
makes the results of studies, based on a CTA diagnosis of carotid near-occlusion, questionable.
Most of the modern studies that compare BMT with interventions (CAS or CEA), in patients with symptomatic carotid
near-occlusion, do not separate the two entities of subtle and
total collapse, do not share definitions and common design.
Thus, the attempts to pool results and draw conclusions may
be based on erroneous assumptions and oversimplifications.7,8
Furthermore, even if we assume that there is some benefit, in operating the small subgroup of near-occlusions that
have total distal collapse, most of these cases may be surgically unfeasible. A carotid patch angioplasty on a collapsed distal
vessel is extremely demanding and may easily fail leading to
acute thrombosis and a perioperative stroke. An eversion endarterectomy may be more appropriate but is less commonly
practiced and very few surgeons have the required experience.
Regarding CAS, wire manipulation in an ICA with near occlusion may increase the risk for stroke and there is also a ques-
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tion about the proper deployment of a cerebral embolic protection device in a severely collapsed distal vessel. Of interest,
a recent report by Johansson et al raises the issue of intracerebral hemorrhage when trying to revascularize near-occlusions
with total distal collapse. In the small series of 10 patients, the
authors report an incidence of 20% of this detrimental complication9. In theory, it makes sense to suspect that stenoses that
reduce the flow to a degree that causes distal collapse also
have a high chance to lead to hyperperfusion and potentially
to intracerebral hemorrhage when removed.
Finally, it should be noticed that there are very few contemporary studies reporting on BMT for patients with symptomatic carotid near-occlusion. A meta-analysis by Antonopoulos et al. has identified 21 studies, however, only 5 of them
where done after 2010. There were 13 studies with a study
period in the 1990s or even earlier weighing a total of more
than 70% in the pooled results.7 As such, it is doubtful that
the current BMT that includes aggressive statin medications,
smoking cessation regimens, blood pressure optimization, optimum diabetes mellitus control, antiplatelet therapy, exercise
and balanced diet has been compared with traditional CEA
and contemporary CAS.
To summarize, it is clear that it is more than safe and evidence-based to manage the debated case with BMT. Until a
modern and properly designed RCT, with clear definitions and
carefully selected interventions, is done to shade more light in
the question of interventional management of symptomatic
carotid near-occlusion, the ESVS guideline recommendations
should be followed.2
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Part III: Against the motion. Carotid near occlusion should be treated
interventionally
Alexandros Giosdekos
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Greece
Near occlusion of the internal carotid artery (ICA) is a relative rare condition with an incidence of 0.5% to 2%.1 The term
pseudo occlusion of the ICA was first used by Lippman et al in
1970 and was defined as the presence of a very tight stenosis of the ICA with an extremely narrow residual lumen and
a collapsed distal portion induced by hypoperfusion.2 Angiographically, it resembles a thin string and several terms like
‘string sign’, ‘pseudoocclusion’, ‘incomplete occlusion’, ‘near
occlusion’, ‘subtotal occlusion’, ‘slim sign’, ‘small distal ICA’,
‘poststenotic narrowing’, ‘lotus root sign’, have been used to
describe this entity. Near total ICA occlusion is defined by four
angiographic criteria: (I) reduction in ICA diameter compared
with the ipsilateral external carotid artery (ECA), (II) obviously
reduced diameter of the ICA compared with the opposite ICA,
(III) intracranial collaterals seen as a cross-filling of contralateral vessels or ipsilateral contrast dilution and (IV) delayed
cranial arrival of ICA contrast compared with that of the ECA.3
The decision for revascularization in patients with near occlusion of ICA still remains controversial. The most recent European Society for Vascular Surgery (ESVS) Guidelines of 2017
on the management of carotid artery disease, recommended
conservative treatment in symptomatic patients with a chronic ICA near-occlusion, unless associated with recurrent ipsilateral symptoms despite optimal medical therapy (level III and
class C evidence).4 However, this recommendation is based on
weak and outdated data, provided by a post hoc analysis of
the North American Symptomatic Carotid Endarterectomy Trial (NASCET), European Carotid Surgery Trial (ECST) and VA309
by the Carotid Endarterectomy Trialists Collaboration (CETC),
which showed no five year benefit of carotid endarterectomy
(CEA) vs best medical treatment (BMT) for symptomatic paAuthor for correspondence:
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tients with 95%-99% ICA stenosis. All these randomized controlled trials were performed in the 1990s, which is about 30
years ago. Furthermore, only 262 out of 6092 patients (4.3%)
presented with near occlusion of ICA in the CECT group, while
the study recorded only one death and eight events of 30 day
stroke or death among the 148 patients with near occlusion
of ICA who were treated by CEA. Moreover, although no benefit from CEA was recorded at five years, there was a trend
towards benefit from surgery at the two year follow up (absolute reduction in risk of ipsilateral ischaemic stroke 5.6%,
p=.19). Also, we need to highlight the fact that in the NASCET
study, 33 of 114 (28.9%) of patients who had near occlusion
ICA and were under BMT alone, ended up having CEA in the
follow-up period, but they were analysed as ‘BMT’ group. For
all these reasons, it is clear that patients with near occlusion
have been significantly under represented and the real benefit of CEA in this group of patients is underestimated too.
Reviewing the literature, there are two recent meta-analyses trying to determine the optimal treatment approach for
patients with near occlusion of ICA.5,6 In the most recent one,
Antonopoulos et al. revealed a high stroke rate for patients
with near occlusion of ICA who were treated with BMT only,
while intervention seemed to be safe and effective.5 More
specifically, the pooled stroke rate after CEA and CAS was
1.52% (95% CI: 0.09-4.02%) and 1.80% (95% CI: 0.61-3.40%)
respectively but the pooled stroke rate after BMT was 8.39%
(95% CI: 3.39-14.80%). Also, a significant reversed association
was found between pooled stroke rate after CAS or BMT with
publication year. These findings can be explained with the improvements of the endovascular techniques and the optimization of medical treatment over the last decades. Meershoek
et al. conducted also a meta-analysis with similar outcomes,
suggesting that BMT alone is not superior to CEA or CAS with
respect to 30-day or 1-year stroke or death prevention in patients with near occlusion of ICA.6
In addition, we need to mention the difference between
the near occlusion of the ICA with or without collapse of the
distal ICA. Initially, near occlusion was defined in association
with full collapse of the distal ICA, which is often referred to
as a string sign. On the other hand, near occlusion without
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full collapse refers to a smaller calibre of the vessel than the
original size but without having this characteristic threadlike
appearance. Unfortunately, many studies in the literature
have not separated these two different entities. Johansson et
al. conducted a study, showing that patients with a symptomatic near occlusion of ICA with full collapse had a very high
risk of ipsilateral ischemic stroke recurrence, whereas those
without full collapse had a low risk.7 According to the authors,
the 90-day risk of recurrent stroke was 0% for patients with
near-occlusion without full collapse whereas for patients with
near-occlusion with full collapse the risk was 43%. These findings also challenge the current ESVS guidelines which suggest
BMT for these patients, without mentioning the difference between near occlusion with or without collapse.
Furthermore, total ICA occlusion will occur in 40% of the
patients within 12 months and cerebrovascular or cardiac
events are more frequent in patients with near total ICA occlusion, compared with patients with carotid artery stenosis.8,9
For all these reasons, it is obvious that these patients do not
appear to constitute a high-risk group for surgery and should
be included in future randomized trials of ICA interventions.
Regarding the patient presented in the current case report, this symptomatic 78-year-old male presented with near
occlusion of the left ICA with full collapse of the ICA lumen
distal to the stenosis (string sign). As mentioned above, patients with near occlusion of ICA with full collapse has a significant risk for recurrent stoke and BMT alone seems to be
insufficient. Also, we need to take into consideration that the
near total occlusion of ICA may progress to total occlusion
with BMT alone, affecting the hemodynamic reservoir of the
brain vascular bed, especially in the case of 50-69% stenosis
of the contralateral carotid artery. It is more than obvious that
operation (either by endarterectomy or stenting) in conjunction with BMT seems to be the best approach for this patient
compared to BMT alone.
To sum up, all the ‘messages’ from the ‘real world’
non-randomized studies, demonstrate that intervention has a
role in near occlusion of ICA, against the current consensus.
This group of patients needs to be included in future RCTs of

ICA interventions, underlining the need for updated evidence
and possibly revision of the optimal management of this specific group.
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Abstract:
Introduction: Chronic venous disease is a common clinical problem and an important health and social problem. Endovenous techniques have recently replaced the traditional open surgical methods for the treatment of venous insufficiency.
The aim of this study is to present the early results of cyanoacrylate closure of the great saphenous vein in venous insufficiency
Patients and Methods: From November 2019 till March 2021 we treated 50 cases of venous insufficiency with endovenous
embolization of the great saphenous vein with n butyl- cyanoacrylate adhesive (VenaSeal Closure System -Medtronic, Minneapolis, MN, USA). All patients were assessed preoperatively clinically and classified according to Clinical, Etiological, Anatomical and Pathophysiological (CEAP) classification and the revised Venous Clinical Severity Score (rVCSS) and examined
with duplex ultrasound by two independent physicians. The mean preoperative rVCSS was 6.3 (SD: 2.3) Almost all patients
49/50 (98%) underwent local anesthesia. We didn’t use compression stockings and patients were instructed to walk immediately after the operation. Patients were assessed postoperatively, both clinically and by duplex ultrasonography in 2
weeks, 3 months and 6 months.
Results: There was a 100% (50/50) successful obliteration of the target vein. All patients (100%) reported improvement
of the symptoms, whereas 33 (66%) had complete elimination of symptoms. All patients improved their rVCSS, in a mean
82.5% decrease (postoperatively 1.1 -SD: 1.34). There were no major adverse effects, the only side effect being mild
self-limited phlebitis.
Conclusion: Cyanoacrylate glue closure of the great saphenous vein, in our study, proved to be safe and effective method
to treat venous insufficiency which provides improved patient comfort, rapid return to normal activities, and improved
procedure time, without the need of perivenous tumescent anesthesia and postprocedure compression stockings
Keywords: cyanoacrylate; venous insufficiency; saphenous ablation; endovenous techniques; nontumescent nonthermal
INTRODUCTION
Chronic venous disease (CVD) with resultant varicose veins is
a common clinical problem, especially in western countries
and is responsible for substantial morbidity1,2,3. CVD can manifest a wide range of symptoms and signs that include limb
heaviness, aching, soreness, fatigue, burning, edema, pigmentation, and venous ulcers.4,5,6. Chronic lower limb superficial
venous disease affects approximately 35% of adults in the
western world7,8,9. Symptoms of CVD affect the lifestyle of that
population, while 1% to 4% presents serious complications at
more advanced stages with a healed or active venous ulcer.
The chronic character of the disease and the high prevalence
make CVD an important health and social problem.
The treatment of CVD has changed dramatically during
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the past few years, as traditional surgical therapy has been
supplanted by endovenous techniques. The standard open
operation with ligation and stripping of the great saphenous
vein (GSV) has been replaced with minimally invasive methods. Open surgery methods, such as ligation and stripping,
are associated with more complications, including hematoma
and paresthesia, with long recovery times and are considered
risky and disfiguring10. As a consequence of the results of the
newer techniques over the standard ones, the 2013 National
Institute for Health and Care Excellence (NICE) guideline on diagnosis and management of varicose veins that was updated
on March 2018, recommends thermal techniques as the first
option for the treatment of insufficient veins, foam and liquid
sclerotherapy as the second, and open surgery only if the previous methods are unsuitable11.
More recently, a new technology for nonthermal vein closure has been introduced that involves the endovenous application of n-butyl cyanoacrylate (NBCA) glue for the closure of
the incompetent great saphenous vein12.
The aim of this study was to present our experience with
this new endovenous technique for treatment of great saphenous vein insufficiency and to present anatomic and clinical
early results of our 6-month follow up.

16

Hellenic Journal of Vascular and Endovascular Surgery | Volume 4 - Issue 1 - 2022

PATIENTS AND METHODS
Patients
The study was a purely retrospective review of the record. We
present the results of 50 cases in 49 patients treated with endovenous embolization of the GSV with (NBCA), during the period between November 2019 and March 2021. We used the
VenaSeal Closure SystemTM (Medtronic Plc, Dublin, Ireland)
with slowly polymerizing, high viscosity cyanoacrylate glue.
All patients provided informed consent for the study.
Age
25-35
36-45
46-55
56-65
>65
Medical History
Hypertension
Hyperlipidemia
Diabetes
Mild heart failure

6
9
16
11
8

12%
18%
32%
22%
16%

10
8
2
2

20%
16%
4%
4%

Table1. Demographics

All patients who had full follow-up were selected. The
study involved 29 women (59.2%) and 20 men (40.8%) with a
mean age of 51 years (range 27-80) (Table 1). All patients were
diagnosed with either unilateral or bilateral symptomatic GSV
incompetence. Preoperatively, patients were assessed with
clinical examination and were classified according to 2004
CEAP (Clinical, Etiological, Anatomical and Pathophysiological)
classification and the revised Venous Clinical Severity Score
(rVCSS)13. All patients were examined with a deep and superficial vein duplex ultrasound with the patient both in supine and
upright positioning, which was conducted by an independent
certified radiologist. All patients were also subjected to a second duplex ultrasound, performed by the lead author, using a
General Electric LOGIQ V2 (General Electric Healthcare) prior
to any decision making. Reflux times and the mean diameters
of the great saphenous vein were recorded at 4 points in the
GSV, in the proximal thigh, mid-thigh, distal thigh, and below
the knee. The patients were enrolled without a trial of compression stockings before treatment.
Study eligibility inclusion criteria were:
1. Age >18 years and ability to give informed consent
2. CEAP class C2 or above (visible varicosities)
3. Symptomatic venous insufficiency with reflux > 0.5
sec on color Duplex. Symptoms include: aching, heaviness, fatigue, soreness, burning, pruritus, discomfort
and edema
4. Initial trunk diameter in standing position > 5.5 mm
at 2-3 cm distal to the saphenofemoral junction (SFJ)
5. Ability to attend follow up visits

6. Ability to walk unassisted
Study exclusion criteria were:
1. Previous interventions
2. Deep vein disease
3. Incompetent tributaries of the GSV within 3cm distance from the SFJ
4. Recent (3 months) superficial venous thrombosis
(SVT) or venous thromboembolism (VTE)
5. Peripheral arterial disease (PAD)
6. Allergy/hypersensitivity reaction to cyanoacrylate
7. Severe comorbidities
Primary end points (in 6 months) were:
1. Anatomical success as indicated by GSV occlusion rate
on ultrasound examinations, defined as no segments
of patency longer than 3 cm
2. Clinical success as assessed by the quality of life (QoL)
using the revised Venous Clinical Severity Score
Secondary end points were:
Any kind of complication during and after the operation
and all adverse events
Patients were assessed postoperatively after 2 weeks, 3
months and 6 months. Follow up included clinical examination and repetition of the rVCSS, as well as duplex ultrasound
to ensure successful target vein closure and exclude the presence of deep vein thrombosis.
Methods and Procedural protocols
We used the Vena Seal Closure SystemTM (Medtronic Plc,
Dublin, Ireland) which is an innovative technology. The delivery system consists of two sets which separates flushable vs
non-flushable components. The first set consists of components that remain dry before and during the procedure: a 5F
delivery Catheter, a Dispensing Gun, an Adhesive (bottle), a
3-mL Syringe and a Dispenser Tip. The 5F delivery catheter has
a hydrophobic coating to prevent adhesion to delivered NBCA
and air-filled micro channels for better sonographic visibility.
The second set consists of components that are exposed to
fluids before or during the procedure and include a 7F Introducer sheath/dilator and a J-tip guidewire. Each pull of the
trigger delivers approximately 0.1 ml of NBCA.
The GSV is accessed at the distal point of reflux percutaneously with direct puncture or with a micropuncture introducer
kit. When this approach is not feasible, a small incision (3mm)
is made to facilitate open access to the vein. Usually this distal point is just above the internal malleolus, but it can be in
every point along the saphenous vein path. An insertion of
a 7F introducer sheath/dilator catheter follows (Figure 2). A
0.035-inch J-tip guidewire is advanced to the saphenofemoral
junction (SFJ) under ultrasound guidance and the introducer
catheter is inserted and positioned approximately 5 cm caudal
to the SFJ. (Figure 3)
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6 cm pullback the catheter is now finally repositioned 5 cm
from the SFJ. This distance of 5 cm is necessary for safety reasons as it protects from glue propagation toward the SFJ and
serves as space for the exertion of external pressure.

Figure 2 Endovenous technique set up

Figure 3. The J-tip guide wire at the Sapheno-femoral junction (SFJ)
(left image) and the delivery catheter near SFJ before withdrawal
(right image)

The delivery catheter (preloaded with NBCA glue) is inserted into the introducer catheter, secured, advanced up to the
SFJ and connected to the dispenser gun. At that time, 6 cm of
the catheter tip is exposed distal to the sheath tip because the
catheter is longer than the sheath, so it reaches the SFJ. After

The leg is elevated approximately 15 degrees and the glue
delivery starts with an initial double injection spaced 1 cm
apart, followed by a 3 cm pullback. Then a 3-minute localized
compression is applied directly over the SFJ and the first segment of the GSV. In a similar manner, 3 repeated injections of
CA followed by pullbacks of 3 cm each and 30-second localized compressions of the treated vein segment take place. The
process is repeated until the entire targeted vein segment is
treated. A 3 second trigger hold delivers 0.10 ml (range 0.060.12) of adhesive. When finished, the catheter is removed,
and compression is applied to the catheter entry site. Successful occlusion of the entire treated vein was confirmed by
on-table duplex ultrasound (Figure 4). There was no post-operative use of bandages or compression stockings.

Figure 4. Postoperative image of the polymerized glue into the Saphenous vein

Postprocedural management
Patients were instructed to walk mildly and stay in the hospital area for 45 minutes before being discharged. They were
encouraged to walk and were instructed to resume normal
activities within a day. Postoperative ultrasound examination
was performed immediately after surgery, at 15 days, at three
and six months.
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RESULTS
In consonance with medical history, 2 patients had mild heart
failure and one patient was a former intravenous drug user
with a malformation in the index leg due to injury (open fracture) caused by a car accident. All patients were between C2
and C4a according to CEAP classification. More specifically, 19
patients had varicose veins C2 (38%), 21 patients were in stage
C3 (42%) with venous edema and 10 patients in C4a (20%),
presenting pigmentation or venous eczema. (Table 2) (Figure
1). The majority of patients (64%) had an rVCSS ≥6, while 30%
of patients had an rVCSS≥9. The mean preoperative rVCSS was
6.3 (SD: 2.3). Specifically, the VCSS for this cohort of patients
was 3: 5pts, 4: 10pts, 5: 3pts, 6: 12pts, 7: 2pts, 8: 3pts, 9: 9pts,
10: 4pts, 11: 2pts (Table 3)

Almost all patients 49/50 (98%) underwent local anesthesia and only one received general anesthesia, after patient’s
request due to her anxiety. In 28 patients (56%) there was a
percutaneous approach via direct puncture (in 24 of them w
used micropuncture), 2 of them (4%) needed a double puncture, whereas 22 patients (44%) had a short 3 mm cut down
exposure of the target vein. The access point was near the
ankle in 36 cases (72%), below the knee in 8 cases (16%) and
the thigh in 4 cases (8%), while 2 cases (4%) needed a double
puncture. To reduce the operative time, after a few minutes
of unsuccessful percutaneous puncture, regardless of the
cause (e.g. small diameter of the vein, spasm), we proceeded
to cut down. All patients underwent an on-table completion
ultrasound to verify successful ablation closure of the treated
venous segment and to inspect the common femoral vein for
deep venous thrombosis via compressibility test.
There was a 100% (50/50) successful obliteration of the
target vein in day 0, 2 weeks, 3- and 6-month follow up. All patients (100%) reported improvement of the symptoms, whereas 33 (66%) had complete elimination of symptoms. Forty-six
patients (92%) improved the appearance of their varices without any need for complementary plhebectomies. Twenty-four
patients (48%) presented complete obliteration of varicose
veins in the follow up period, while 22/50 (44%) showed significant improvement of the appearance of the varicose veins
(Table 4). All patients improved their rVCSS, in a mean 82.5%
decrease (postoperatively 1.1 -SD: 1.34) (Table 5).

Figure 1. CEAP classification

Symptoms
Heaviness
Fatigue
Soreness
Burning
Edema
Aching
Pruritus

Number of patients (N=50)
43
41
39
34
31
17
10

Percentage
86%
82%
78%
68%
62%
34%
20%

Table 2. Symptoms

VCSS
1
2
3
4
5
6
7
8
9
10
11

Number of patients (N=50)
0
0
5
10
3
12
2
3
9
4
2

Table 3. Pre-operative Venous Clinical Severity Score

Percentage
0
0
10%
20%
6%
24%
4%
6%
18%
8%
4%

Number of
Percentage
patients (N=50)
Vein occlusion
50
100%
Varicose veins obliteration
24
48%
Symptom obliteration
17
34%
Varicose veins improvement
22
44%
Symptom improvement
33
66%
Table 4. Results

VCSS
0
1
2
3
4
5
6
7
8
9
10
11

Number of patients (N=50)
14
13
9
9
5
0
0
0
0
0
0
0

Percentage
28%
26%
18%
18%
10%
0
0
0
0
0
0
0

Table 5. Post-operative Venous Clinical Severity Score

There were no major adverse effects observed during follow-up (pulmonary embolism, skin necrosis, TIA, nerve injury,
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infection). A percentage of 42% (21 patients) presented erythema and tenderness along GSV during the first postoperative days, which was self-restricted. This was observed between second and seventh post-operative day, lasting one or
two weeks and gradually getting better. From those who presented erythema the majority (18/21 patients - 85.7%) had a
superficially placed GSV, out of the saphenous compartment,
with very limited distance from the skin. Thirteen of those
patients (13/21 - 26%) were treated with anti-inflammatory
drugs (Ibuprofen). (Figure 5)

Figure 5. Postoperative phlebitis

DISCUSSION
Endovenous techniques are nowadays recommended as firstline treatment for venous trunk reflux, both in the USA and
the UK. These techniques include thermal ablation by laser
or radiofrequency and non-thermal ablation by foam sclerotherapy or mechano-chemical obliteration of the insufficient
venous trunks. Although endovenous thermal ablation has
many advantages and is currently the treatment of choice for
GSV insufficiency, it has also some limited drawbacks. Firstly, it
requires perivenous tumescent anesthesia which causes pain
and disturbance to the patient during application, as well as
post-operative annoyance and bruising14,15. Moreover, after
thermal ablation there is a possibility of sensory nerve damage
due to the tumescent anesthesia or heat damage following
endothermal treatment. On the other hand, foam sclerotherapy, has low success rates (75.8%) for the treatment of GSV
and frequently needs repetition16. In addition, sclerotherapy is
sometimes complicated by inflammation and staining17,18 and,
rarely, with paradoxical air embolism and stroke.19,20,21. Nonthermal, nontumescent (NTNT) techniques have also become
available, like mechanochemical ablation (84% success at 5
years) and proprietary endovenous microfoam (PEM), which
have relatively good clinical results, but high possibility of pigmentation22.
Finally, these techniques require the use of post-operative
graduated compression stockings, which patients often find
uncomfortable, especially in warm countries like Greece. This
discomfort can also lead to poor compliance. More recently,
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a new technique for truncal vein closure has been approved
by the Food and Drug Administration in the United States in
February 2015 which involves the endovenous application of
n-butyl cyanoacrylate glue for the closure of the incompetent
GSV.
Almeida et al first announced the use of cyanoacrylate
adhesive for the treatment of venous incompetence. The
method proved to be safe and effective and suggested some
possible advantages in comparison to thermal techniques23,24.
The first advantage was the freedom from a time consuming
and disturbing tumescent anesthesia, as well as decreased
post-procedural ecchymosis. The second advantage was the
avoidance of heat damage. Finally, there was no need for
post-operative graduated compression stockings. The early
results showed non-inferior efficacy and safety when compared to radiofrequency ablation, which was an established
treatment for great saphenous vein insufficiency. The twoyear and thirty-six-month follow-ups of the patients reconfirmed this conclusion. In sum, the method was fast, painless
and effective.
The intravascular use of CA is not new at all25.26,27,28,29. In
fact, it has more than two decades of history in treating arteriovenous malformations. Monomeric cyanoacrylate compounds, when in contact with anionic compounds of the plasma, polymerize and begin to solidify, which creates an inflammatory effect over the vein wall. This process is completed
in three phases: a first initial rapid polymerization with linear
increase in tensile forces (10 seconds), a second phase with
stable tensile forces, lasting about 60 seconds, and finally a
third phase with more rapid rise of tensile forces. In the third
stage, final polymerization and bonding to the endothelium
occurs30. This, in general, is followed by a subacute inflammatory tissue response, a typical foreign body reaction, leading
to a fibrotic transformation. This process following glue injection, takes several weeks before it becomes permanent31.
Shortly after completion of the feasibility study on first inman use of CA for GSV embolization23, many studies were set
up to obtain anatomic and clinical data regarding the use of
the technique and to compare it with other endovenous treatments9,32,33. Potential benefits of the method, as far as procedural and post-procedural experiences of the patients must be
balanced with long-term results34,35,36,37,38.
The technique is considered to be easy for all surgeons
with endovascular experience and especially for those with
previous expertise in endothermal treatments of GSV reflux.
The CA delivery system requires skill sets familiar to those
who perform thermal vein ablation.
In our study we tried to evaluate the effectiveness of the
method, based on anatomic and clinical data and its safeness,
estimated by the rate of all side effects. The primary study
endpoint was to assess the GSV occlusion rate at 6-month
follow-up and the quality of life (QoL) using the Venous Clinical Severity Score. The secondary endpoints included the
periprocedural pain and all types of complications after the
intervention and during the follow-up period.
Each patient was examined by ultrasound at two weeks,
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three months and 6 months post-operatively and the anatomic criterion for success was the complete occlusion of the
target vein at the 6-month follow-up on duplex ultrasound
evaluation. Complete occlusion of the treated vein was defined as no segments of patency longer than 3 cm, whereas
in the literature this segment is defined usually as less than
5 or even 10cm. Although our definition of vein occlusion
was even stricter, the closure rate in our study was excellent
(50/50), similar or even better than that observed in similar studies. This anatomic result remained stable during the
6-month follow-up. Clinical improvement was estimated with
clinical examination and the standard rVCSS evaluation after
the operation. All patients showed significant improvement of
venous symptoms postoperatively. Interestingly, this clinical
improvement, and especially the absence of limb heaviness,
in many cases was reported by the patients immediately after
standing up from the operating table, whereas in others it was
clear after their first post-operative visit.
However, even more remarkable in our study was the proportion of patients whose target limbs were free from visible
varicosities at 6-month follow-up, as was reported by the examiner and the patient himself. That fact was also depicted
in the decrease of the rVCSS score. In our study, per protocol, we chose not to treat the varicose veins during the initial
procedure. Instead, we let them shrink without reflux supply,
and treated them only if they were visible after three months.
Adjunctive treatments like phlebectomies or sclerotherapy at
the time of operation are routinely used in most clinical trials. In our study we followed a different routine. The rationale
behind this decision was to minimize the discomfort of our
patients, as all procedures were done under local anesthesia,
and secondly to treat fewer varicose veins when needed, as
most of them could have been reduced in size and number,
due to the absence of reflux- derived supply. This hypothesis
proved to be valid as 24 patients (48%) presented complete
obliteration of their varicose veins, while 22 (44%) showed significant improvement of the appearance of varicose veins. As
a result, only 4 (8%) needed complementary treatment.
This number of actual adjunctive plhebectomies at three
months was significantly lower than the preoperative prediction. Moreover, this low rate of complementary intervention
was the same even in patients with larger varicosities. This is
reflected in the improvement in QoL scores after the treatment. Even more, as a consequence of this routine, we had
the opportunity to evaluate the results of the cyanoacrylate
closure method in treating reflux by itself, without any assistance of any type of surgical intervention. The concomitant
complementary surgical interventions may create potential
confounding of the outcome measurements compared with
other studies, as adjunctive procedures may improve the results of the method itself39,40,41,42,43,44,45,46.
In our study we did not use graduated compression stockings. The reason behind this decision is the knowledge that
obliteration is succeeded very early, as 80% of the cyanoacrylate polymerization is completed in just three minutes, so the
vein walls adhere to each other. However, we cannot predict
what benefit compression stockings could add under special

circumstances like CA use in very large diameter veins.
The side effects were mild. No neurological complications
or deep vein thrombosis was observed. This observation
seems quite logical, since by protocol the tip of the catheter is
positioned 5 cm away from the superficial to deep vein junction. The most common side effect in our study was post-procedural phlebitis of the treated vein which occurred in 21
patients. In our study this inflammatory response was very
common and ranged from mild (16%) to disturbing (26%) but
in all cases proved to be benign. We informed all patients preoperatively about this potential side effect and about its short
and self-limited duration, in order to reduce the anxiety of the
patient if this were to happen. The superficial veins were more
prone to this visible phlebitic reaction, which presented with
redness and pain. In more pronounced cases (13 patients)
there was a need for ibuprofen for some days once or twice
daily, but in almost all cases it was limited after 10 days (20
days in one case). There was not any permanent pigmentation
or stagnation of the skin. Some patients with very superficial
saphenous vein also described some mild discomfort during
the periprocedural catheter manipulation, as nearly all procedures were performed under local anesthesia.
The risk of recanalization is the main problem of all endovenous techniques. Several randomized trials and meta-analyses have shown that the risk of recanalization depends on
many factors, one of them being the method used for treatment47,48. The endovenous methods of treatment for vein
reflux initially produce thrombosis of the target vein. Thrombosis is associated with recanalization. As a result, to achieve
permanent occlusion, there must be -in addition to the thrombosis- chemically or thermally induced vein wall destruction.
On the other side, cyanoacrylate glue acts in a different way:
the application of external compression, in the presence of
the adhesive, makes the vein walls to come together without
significant thrombosis, so the process is more inflammatory
and eventually fibrotic rather than thrombotic.
Another cause of recanalization is untreated tributaries
with high blood flow or reflux. In our study, patients with large
insufficient collaterals originating less than 3cm from the SFJ,
were excluded from the study, as for safety reasons the first 5
cm of the GSV remain untreated. This might be one reason for
the excellent obliteration results we observed in our patients.
As cyanoacrylate glue closure is a relatively new technique
there are not many data in the literature reporting the longterm results of the method. Almeida et al34 first revealed an
occlusion rate of 94.7% at 36 months, Eroglu et al44 reported
94.1% occlusion rates at 30 months, while Morrison et al40 estimated 91.4% freedom from recanalization at five years. In
most studies comparing the cyanoacrylate closure to other
endovenous treatment modalities such as laser ablation and
RF ablation, no differences were observed in occlusion rates
between the three modalities, but NBCA appeared superior
with respect to peri-procedural pain, return to work and decreased VCSS39,40,42,43,45,46.
The current trial has several limitations. It is a purely retrospective study of a single center database. There is a lack of
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objective measures for postoperative pain, discomfort and reduction in size and number of the residual varices. Even more,
we focused only in the early -six months- closure rates of the
technique. We keep a close follow-up of the treated patients
in order to obtain long term data and estimate the efficacy of
the technique over time.
CONCLUSION
In our study, endovenous cyanoacrylate closure of the GSV
proved to be safe and efficient treatment for symptomatic venous insufficiency. It has many advantages because it provides
improved patient comfort, rapid return to normal activities,
and reduced procedure time, without the use of perivenous
tumescent anesthesia with multiple needle sticks and without
post-procedural compression stockings. Phlebitis is mild and
self-limiting. Failure rates are extremely low, but long-term
data are required to affirm this over time.
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Abstract:
Background: Secondary lymphoedema is a significant and life-changing complication following breast cancer treatment.
Numerous studies have investigated its management following its occurrence, but very few have focused on its prevention.
Manual Lymphatic Drainage (MLD) is part of the gold standard management regime for lymphoedema. The purpose of
this review is to gather and present the most contemporary available evidence in an attempt to find out whether MLD aids
in the prevention of lymphoedema, or delays its occurrence, if initiated shortly after the medical management (surgery,
chemo- or radiotherapy).
Methods: A literature review was conducted using PubMed, PEDro (Physiotherapy Evidence Database), Cochrane Central
Register of Controlled Trials and Google Scholar, searching for randomised controlled trials published from 2010 onwards.
Results: In total 7 RCTs with 622 patients were identified. Most of the studies showed favourable results for the preventive
effect of MLD.
Conclusions: Our results showed that MLD might have a positive effect preventing the development of secondary lymphoedema, however, the quality of the studies was average and did not address its usefulness in specific patient sub-populations. Thus, necessitating further studies for more robust conclusions to be made.
Keywords: Manual Lymphatic Drainage, MLD, lymphoedema, prevention, breast cancer
INTRODUCTION

even years later5,15.

Breast cancer is one of the leading cancers in the female
population with 2.3 million new cases worldwide in 20201,2.
With advances in the field of cancer therapeutics, increasingly
more people survive cancer1, however their quality of life post
treatment may be severely compromised. Emphasis is therefore placed on the quality of life, focusing on the prevention
of unwanted side effects and minimisation of associated functional and psychosocial morbidities3,4. Secondary lymphoedema constitutes an example of such a side effect2,5,6.

A ‘swollen’ limb can have a significant impact on one’s
quality of life. Pain, disfigurement, functional impairment,
psychological (depression, low self-esteem) and socio-economic (loss of employment, social withdrawal) problems are
just a few4,6,9,10,12,17,18.

Secondary lymphoedema can be defined as the failure of
the lymphatic system to drain lymph (a protein-rich fluid) following injury. This results to its accumulation in the interstitial
space, leading to swelling of the affected limb7-10. It can occur
in up to 1 in 4 women after breast cancer treatment. Secondary lymphoedema can occur at any time after the operation or
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Typically, the treatment for breast cancer includes surgery
with removal of lymph nodes, radiotherapy and/or chemotherapy and/or hormonal therapy which may damage the
lymphatic system, disturb the transport capacity of lymph and
the lymph flow23,24. Overtime this could lead to accumulation
of lymph in the interstitial space, resulting in an increase in
protein stagnation, an increase in limb volume and the risk of
lymphoedema formation.
Current management options include pharmacological
therapy, surgery and Complete Decongestive Therapy (CDT).
The limited number and the retrospective nature of trials on
pharmacological regimes makes it difficult to ascertain their
effectiveness for reducing lymphedema10. Surgical treatments
include debulking resection, liposuction and lymphatic-venous anastomoses (LVA), but these are offered in carefully selected patients, and the literature is currently inconclusive regarding the effectiveness of LVA on the permanent reduction
of lymphoedema10,19. Therefore, most cancer survivors choose
CDT as their management option10. This includes manual lymphatic drainage (MLD), compression garments/bandaging, ex-
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ercise and skin care.
It is believed that MLD offers several benefits such as enhancement of the immune system’s response by accelerating
the removal of waste products from tissues28,30-32, reduction
of muscle spasm and pain28,32,35-37 and aims in the formation
of alternative routes for lymph removal3,11,14,26,27,29,36,37. Lastly,
MLD’s special techniques stretch the lymph collectors’ walls,
increasing their activity, causing a peristaltic wave which
pumps lymph through the lymphatic system faster11,25-32.
Unfortunately, no cure currently exists for an established
lymphedema3,9,10,12. Therefore, focusing on how to prevent it
is worth investigating.
We herein present the current literature on the efficacy
of Manual Lymphatic Drainage (MLD) at preventing the incidence of lymphoedema in breast cancer survivors.
METHOD
A literature search was conducted using PubMed, PEDro
(Physiotherapy Evidence Database), Cochrane Central Register of Controlled Trials and Google Scholar. The keywords used
were “lymphedema OR lymphoedema”, “prevent” “physiotherapy”, “Manual lymphatic drainage” and “breast cancer”.
Studies that investigated the management of established
lymphedema were excluded. Studies in which MLD was used
to prevent the incidence of lymphoedema following breast
cancer treatment were included. Titles and abstracts were
screened and duplicates were eliminated. Only relevant randomised controlled trials (RCT) published after 2010 were selected to ensure the most recent evidence was reviewed. Any
relevant references from the original articles were included in
the review. The methodological quality of the included RCTs
was taken from PEDro, as it is a reliable and valid source20,21.

ba et al8 with a sample size of 120 post surgery with axillary
node dissection found that the number of women who developed lymphoedema and the average increase in limb volume,
1 year post surgery, were significantly higher in the control
group compared to the MLD group. Zimmerman et al17 with
67 people post breast conserving and modified mastectomy
with lymph node dissection found that in the group without
MLD the limb volume increase at 6 months post-surgery and
no lymphoedema developed in the MLD group. Lastly, Cho et
al14 with 41 cancer survivors post breast surgery found that no
lymphoedema developed in the MLD group compared to the
control group (6 people).
In contrast Devoogdt et al4,38 in both studies found that
MLD doesn’t add any benefits to the prevention of lymphoedema. 160 cancer survivors post unilateral axillary lymph
node dissection showed that from one year38 to 5 years4
post-surgery the incidence of lymphoedema, quality of life,
arm circumference and arm volume were comparable in MLD
and control groups.
Only four out of seven studies have a quality of 5 and
above as per PEDro checklist (see table 1). Therefore, the results from these studies should be interpreted with caution.

RESULTS
The literature search resulted in a total of 2,501 articles. The
majority of the studies comprised either reviews or non-randomised studies. Seven randomised clinical trials conducted
were deemed to meet the inclusion criteria (see flow chart 1).
The participants in all included RCTs had undergone a form of
surgery with or without adjuvant therapies for breast cancer.
The results are presented in Table 1. Their main findings are
presented below.
Sarri et al3, Donmez & Kapucu7, Lacomba et al8, Zimmerman et al17 and Cho et al14 all showed that MLD contributes
in the prevention of lymphoedema. Sarri et al3 with 22 cancer
survivors post radical/quadractectomy with ipsilateral axillary
lymph node dissection showed that MLD increases significantly the number of lymph nodes and the velocity of lymphatic flow. Donmez & Kapucu7 with a sample of 52 cancer
survivors post modified radical mastectomy and breast protective surgery with axillary lymph node dissection showed
that the group with MLD had no change in the mean metacarpophalangeal joint circumference whereas the control group
had a significant increase. Also, they found that MLD reduced
the lymphoedema related symptom severity scores. Lacom-

Flow chart 1: Literature Search
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Study (year)
Sarri et al.
(2010)

Sample Breast Cancer
Intervention
Size (n)
Treatment
MLD using
22
Radical or
quandrantecFoldi techtom y with ipsi- nique
lateral axillary
lymph node
dissection

Donmez
& Kapucu
(2017)

52

Devoogdt et
al. (2018)

160

Lacomba
et al.
(2010)

120

Duration of intervention
1session,
5 minutes in length

Outcome Measures

Results

First measurement
performed between
15 and 60 days postsurgery and second
7±3 after first measurement using lymphoscintigraphy

There was an association present between MLD and the positive progression
of lymphatic flow in all of the phases of
the lymphoscintigraphy. A significant increase in the number of lymph nodes and
velocity of lymphatic flow was detected
in the intervention group (p=0.007) when
compared to the control group (p=0.014).
Mean metacarpophlangeal joint circum-20 mins of physical -Arm circumference
Modified radi- Patient in(using a tape measference in the intervention group did not
cal mastectomy, formation on activity (hand exerbreast protec- lymphoedema cises, aerobic exerure),
show a significant change. It was found
tive surgery
prevention
cises and stretching -Disability of the arm, to gradually increase in the control group
shoulder and hand
with axillary
and manage- exercises)
(p>0.05). At the 6th week there was no
lymph node
ment, physical -Simple lymphatic
questionnaire (DASH) significant change in the circumference
dissection
activity and
massage com-Lymphoedema relat- measurements in the intervention group
simple lymmenced after the
ed symptoms (visual but there was a statistically significant inphatic drainaxillary drains were analogue scale)
crease in the control group compared to
age message
removed and lasted
those in the intervention group (p>0.05).
for 6 weeks for apMeasurements were
proximately 40 mins, taken at the baseline, Lymphoedema-related symptom severity
beginning and end of scores significantly decrease in the
twice a week.
the 2nd, 4th, and 6th intervention group from baseline by the
week of the trial.
end of treatment (p<0.05). Both groups
showed a decrease in their DASH scores
however the scores in the control group
remained significantly higher than the
scores in the intervention group.
-30 mins exercise
-Arm volume with
The incidence rate of lymphoedema was
Unilateral axil- MLD (using
comparable between the groups at all
lary dissection Leduc and
session
water displacement
for breast can- Vodder meth- -MLD commenced
-Arm circumference
follow up measurements.
cer levels I-III
ods)
on week 5 post sur- with a fixed tapeline
gery for a period of -SF-36 questionnaire Five years post-surgery, the cumulative in20 weeks (30mins
-Shoulder range of
cidence rate was 35% in the intervention
sessions x 40 sesmotion (tape measgroup versus 29% in the control group
sions) Frequency of ure)
(RR0.89, p=0.45) for the arm volume,
MLD was increased -function (Lymph-ICF) 35% vs 38% (RR 0.93 p=0.73) for the arm
from one to three
circumference, for the ≥5% definition
Assessment was done 68% versus 53% (RR1.28 p=0.08) and for
times a week and
then decreased to
before the operation the ≥10% definition 28% versus 24% (RR
once a week
and at 6,12,24 and 60 1.18, p=0.57).
months after surgery.
No significant differences were found for
the shoulder range of motion and function between the groups except at 5year
follow up were the household, mobility
and life/social activity domains of the
Lymph-ICF showed a statistically significant difference favouring the intervention
group.
3 times per week for Arm circumference
After 1 year, 18 (16%) women developed
Breast surgery MLD using
Leduc tech3 weeks
(using a tape measlymphoedema; 14 were in the control
with axillary
node dissecnique, scar
ure) measured at 4
group and 4 in the intervention group,
weeks, 3-, 6- and 12
with a significant difference of p=0.01.
tion
massage,
months post surgery
education and
exercises
The control group had an average of 5.1%
increase in the volume of the affected
arm compared to the unaffected. However, the intervention group had an average
increase of 1.6% between the arms. The
difference between the two groups was
statistically significant (p=0.0065).
Developing lymphoedema was four times
faster in the control group (intervention
group/control group, hazard ratio = 0.26,
95% CI = 0.09-0.79; p=0.010).
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Zimmermann
et al. (2012)

67

Cho et al
(2016)

41

Devoogdt et
al (2011)

160

Breast- conserving and
modified
mastectomy
for primary
breast cancer
with sentinel
or axillary
lymph node
dissection with
or without
adjuvant treatment
Any breast surgery with cording (axillary
web syndrome)
with or without adjuvant
therapy and
a pain score
>3 in a numeric scale at
least 4 weeks
post-surgery

Unilateral
axillary lymph
node dissection

Manual Lymph
Drainage
(using Foldi
and Strobenreuther techniques)

MLD was applied
5 times per week
during the first 2
weeks, and 2 times
per week from day
14 to 6 months post
surgery
Arm and chest exercises commenced
from day 2 post-surgery

Arm volume using
water displacement
before the operation,
on days 2,7,14 and
at 3 and 6 months.

At 3 months the control group had a 6%
increase in arm volume which further increased to 10% at 6 months post-surgery
(p=0.0033). In the intervention group
lymphoedema did not occur.

4/10

Exercises,
manual therapy,
Manual lymph
drainage using Vodder’s
method

3 times per week for
4 weeks for 40mins
physical therapy
Additional 3omins
MLD five times a
week for 1 week by
a therapist. Weeks
2-4 patients performed self
-MLD

-Arm volume (circumferential measurement using an established formula)
-Shoulder function
and strength (handheld dynamometer)
-Active range of motion (using a digital
inclinometer)
-Disabilities of the
arm, shoulder and
hand (DASH questionnaire),
-Quality of life (using
EORTC questionnaire),
-Visible /palpable
cording in the axilla
Pain (Numeric Rating
Scale- NRS)

After 4 weeks, their results showed that
the quality of life, shoulder strength,
DASH and NRS scores were significantly
improved in both groups (p<0.05).

6/10

Guidelines for
lymphoedema
prevention,
exercise therapy, manual
lymph drainage using Vodder method

Commenced one
week post removal
of axillary drains
(approx. 5 weeks
post- op)
Duration of 20
weeks with 30 mins
exercise session
twice a week, then
once a week and
then once every two
weeks 30 mins MLD
with an increased
frequency from once
a week to 3 times
a week and then
decrease to once a
week

Cording was not significantly different
between the groups with 28.5% in the
intervention group versus 35% of patients
in the control group.
Pain and arm volume were significantly reduced in the intervention group
(p<0.05) compared to the control group.
Lymphoedema was observed in the control group (6 patients) and none in the
intervention group (p<0.05).

Measured at baseline
and after 4 weeks of
treatment
-Arm volume with
water displacement
-Arm circumference
with a fixed tapeline
-SF-36 questionnaire

12 months after surgery, the cumulative
incidence rate for lymphoedema was
comparable between the intervention
group (18 subjects) and the control group
(15 subjects); p=0.045.
The results for the mental and physical
Assessment was done health related quality of life, arm circumbefore the operation, ference and arm volume were compara1,3,6, and 12 months ble between the groups at all follow up
after surgery.
points.

8/10

Table 1. Studies Identifying the Efficacy of MLD at Reducing the Incidence of Lymphoedema in Breast Cancer Patients

DISCUSSION
Manual Lymphatic Drainage is part of the Complete Decongestive Therapy which is currently recognized as the standard
management for lymphoedema9,22. However, its effectiveness
in preventing the development of lymphoedema following
breast cancer treatment has yet to be firmly established.
The onset of administration of MLD can play a significant

role in the prevention of lymphoedema. Devoogdt et al4,38
started one week after the removal of axillary drains (i.e. approximately 5 weeks post-operation). This might account for
the negative results as they might have started too late for any
preventive effects. All other authors commenced their studies before 5 weeks post-operation and had positive results.
This suggests that starting MLD early in the post-operative
period, could potentially aid in the flow of lymph fluid, the
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formation of alternative routes such as lympho-lymphatic and
lympho-venous anastomoses and thus prevention of lymph
accumulation in the arm.
The authors in the included studies used different definitions for diagnosing lymphoedema. This might have resulted
in mis-diagnosing lymphoedema in some patients and thus
accounting for the difference in their results. Devoogdt et al38
diagnosed lymphoedema when the difference in measurement was 200ml or more in the volume between the affected
and unaffected arms compared with the difference before the
operation. They have also used a difference in arm circumference of 2cm or more between the affected and unaffected
side at two or more measurement points compared with the
difference before the operation. The same authors in a later
study4 used a difference of ≥200ml increase in volume or ≥2cm
increase in arm circumference or ≥5% or a ≥10% increase in
relative arm volume compared to the pre-operation measurement. Cho et al14 used ≥3% volume increase from baseline in
the affected limb. Donmez & Kapucu7 and Lacomba et al8 defined lymphoedema by the difference in arm circumference
of 2cm or more between the affected and unaffected arms
in any 2 adjacent points. Sarri et al3 used lymphoscintigraphy
and assessed lymphatic function by measuring lymph flow in
the affected arm. Zimmermann et al17 defined lymphoedema
as a difference in the volume between the affected and unaffected arm of 5% or more. It is therefore apparent that by
using different definitions the authors in some studies might
have missed participants with lymphoedema, or they may
have included patients with transient lymphoedema.
The included studies had differences in their included populations. For instance, Lacomba et al8 did not include people
with axillary node dissection and Cho et al14 did not specify,
whereas all the other trials included people with axillary node
dissection. With more lymph nodes resected, potentially more
damage is done to the lymphatic system and thus the risk for
developing lymphoedema is higher. Except Zimmermann et
al17 who excluded participants with adjuvant treatments and
Donmez & Kapucu7, who don’t specify if the patients had
received adjuvant treatments, all other trials have included
participants who had chemotherapy, radiotherapy and hormone therapy treatments. Unfortunately, the specifics of the
aforementioned treatments were not presented in any of the
included studies. Since current literature suggests that MLD
may be ineffective in patients with transient post-operative
lymphoedema following taxane-based chemotherapy4,39-41,
this might account for some of the reported negative results
in this review (Table 1).
Different outcome measures such as arm circumference,
water displacement and lymphoscintigraphy were used to
measure arm volume and the presence of lymphoedema.
However, using different outcome measures may lead to different results and this might be one reason for the dissimilar conclusions in the studies included. Water displacement
is considered the gold standard as it is the most accurate
method of measuring arm volume, whereas arm circumference is more often used in clinical practice due to its simplicity. Although both are reliable and valid techniques, both are
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susceptible to error and neither provides information about
lymphatic function. It is not easy to ensure that arms are submerged to the same level and circumferential measurements
could be affected by the positions on the arm chosen by different assessors9,10,13,42,43. There are other methods of lymphoedema assessment such as arm compressibility (tonometry),
Magnetic Resonance Imaging (MRI), radionuclide scintigraphy
and bioimpedance which may provide more accurate assessment on lymphatic function however they are expensive and
not easy to use in everyday clinical practice13,44.
The included studies had different duration from a single
session to 5 years. Maybe the effects of MLD have short-lasting duration and this might account for the results in Devoogdt et al studies4,38.
FURTHER STUDIES AND LIMITATIONS
Most of the studies have investigated MLD in combination
with other techniques, such as manual therapy, therefore
more studies are needed to isolate the use of prophylactic
MLD in preventing secondary lymphoedema. In addition, further studies should investigate the efficacy of self-massage
at home in preventing lymphoedema incidence. Finally, a
cost-benefit study would be beneficial as MLD is a time consuming and expensive treatment.
This analysis has three major limitations. Firstly, only studies presented in English and Greek and available online were
used. Secondly, although most included studies have an average quality, they were the only recent ones available. Lastly, a
meta-analysis was not appropriate as the trials had different
outcome measures, different treatment duration, techniques
used and onset of MLD treatment as well as the involvement
of other interventions (eg. Exercises, guidelines, manual therapy). Despite their heterogeneity, an attempt was made to explain the disparity of the results.
CONCLUSION
Most trials included in this study suggest that Manual Lymphatic Drainage has a preventing effect in secondary lymphoedema incidence among breast cancer survivors. However,
more homogenous studies are needed to clarify the treatment onset, duration and the subpopulations of breast cancer
survivors whom Manual Lymphatic Drainage can provide the
maximal benefit.
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Abstract:
Introduction: The outbreak of the COVID-19 pandemic affected all aspects of life and led to a number of changes in the
education and training of vascular surgeons and trainees. In order to overcome these difficulties, the internet was employed as an educational tool. The aim of this publication is to report on the results of the EL-COVID survey from vascular
surgeons and trainees who are based in Greece and to compare these to the international results of this survey.
Methods: An online survey consisting of 18 questions was created in English. The survey was dispersed to vascular surgeons and trainees worldwide through social media and via direct messaging over a four-month period. Data from Greek
participants were filtered, analyzed and compared to the global data using.
Results: Thirty-two participants from Greece were included and one was rejected. The majority of the participants
attended more than two online activities and the feedback was mainly positive. The topic of the activity was the main
reason for most of the participants to join e-Learning activities, followed by the reputation of the presenter or the panel.
The acquisition of accreditation or certification was not considered as important. The majority of participants did not
receive any support from their employers. There were other difficulties to participate in e-Leaning activities such as lack
of time and increased workload, inability to isolate, time zone difference and others.
Conclusions: The overall appreciation of vascular e-Learning was positive despite existing weaknesses. The Greek results
mostly match the international results apart from the less important role of social media in the dissemination of information within the Greek vascular society and that most Greek colleagues would easily list attended online activities in
their CVs. Other minor differences between the two sets of data also exist.

INTRODUCTION
At present, the internet has become an essential part of many
different aspects of our everyday lives. The employment
of internet as an academic tool has also risen, but the role
of e-Learning as a training modality in medicine (and especially in vascular surgery) still remains vague in Greece and
abroad.1-5 Despite the fact that sporadic publications demonstrate that e-Learning has an important role in training and
education in vascular surgery, there is a lack of more systematic research.6-10
Since late 2019, a major disruption of daily life was caused
by the Corona Virus Disease (COVID-19) pandemic. The pandemic led to many drastic changes in clinical practice and in
medical training and education. The internet was adopted as
a useful tool to overcome the pandemic related obstacles,
especially in medical training.2, 11, 12 e-Learning is an accepted
and important tool for trainees, surgeons, institutions, and
societies. In our global survey, titled the “vascular e-Learning
during the COVID-19 pandemic” (EL-COVID) survey, we inventoried the e-Learning need of vascular surgeons and trainees
as well as the strengths and weaknesses of vascular e-Learning.9 The EL-COVID survey represented a new opportunity to
study the opinion of the Greek vascular society on vascular
e-Learning.
The primary aim of this study is to report on the results
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of the EL-COVID survey from vascular surgeons and trainees
who are based in Greece. An additional aim is to compare the
Greek results to the international results of this survey and
provide possible explanations for any significant differences
between the two.13, 14
MATERIALS AND METHODS
An 18-question survey was developed by the EL-COVID primary investigator and was hosted online for a period of four
months. The General Data Protection Regulation (GDPR) of
the European Union was taken into consideration in preparing all materials of this research. Institutional approval was
received to proceed with this publication.
A vascular e-Learning activity or distance-Learning activity
was defined as any educational or training activity that take
place exclusively online (either synchronous or asynchronous)
and its content was related to a vascular or endovascular subject.
An online survey consisting of 18 questions was created;
three questions were on demographics, 14 on the e-Learning
experience, and one field for the participants’ email address.
The official language of the survey was English. The original
questionnaire was hosted on Google Forms (Mountain View,
CA).
The EL-COVID survey was advertised through social media
(so.me.); primarily in LinkedIn (Mountain View, CA) and secondarily in Twitter (San Francisco, CA) and Facebook (Menlo
Park, CA) for a period of four months (June 15th-October 1th,
2020). The EL-COVID collaborators contacted their respective
colleagues through direct messaging on any so.me. platforms
or by email. The above information was described in more detail in the official EL-COVID webpage.15 The survey responses
were filtered and submitted to descriptive analysis of percentage. Further to the main analysis, all data coming from Greece
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were separately analyzed.
The Greek results of the EL-COVID survey are compared to
the international results using descriptive analysis of percentages along a Chi-squared test that was performed to compare
the local to the global results.
RESULTS
In total, 33 individuals from Greece have participated in the
EL-COVID survey. As per the research protocol, one record was
not considered valid as the respective participant did not attend any online activities during the pandemic. An overview
of the results and a comparison to the international results
can be seen in Table 1.

The majority (n=18, 56.25%) found the attended online
activities through direct contact from national/international
society, followed by social media (n=6, 18.75%), through online educational platforms (n=4, 12.5%), word of mouth and
actively searched for activities from well-known institutions
with the same percentage each (n=2, 6.25%). [Fig 2] The role
of societies and so.me. in the Greek cohort are placed first
and second, while the opposite order is demonstrated in the
international results. This difference is statistically significant
as seen in Table 1.

The majority of participants were male (n=28, 87.5%) and
only four were female (12.5%). Most of the participants (n=13,
40.6%) were vascular surgeons with more than five years of
post-training experience. Approximately one third of participants were vascular trainees (n=10, 31.3%) and the rest were
vascular surgeon with less than five years of post-training experience (n=9, 28.1%). The trainees’ participation was significantly higher than of their international peers (p<0.05).
Fifteen participants attended more than four online activities (46.8%) and the same number of peers participated in 2-4
online activities (n=15, 46.8%). Only two participants attended 1 online activity (6.25%). Greek participants who attended
2-4 online activities were more than the international average
(p<0.05).
Twenty-seven individuals (84.3%) of the participants attended national e-Learning activities even though only one
of these cases led to an official accreditation (3.1%). Twenty-three participants (71.8%) attended international e-Learning activities, but the majority of them did not have any official accreditation (n=14, 60.8%).

Figure 2: means of information dissemination

More than half of the participants (n=18, 56.25%) stated
that employers did not support attending online activities
through protected/allocated time. [Fig 3] This findigns is similar to the international average.

The criterion for attending any e-Learning activity was
based mainly the interest of the activity topic (n=16, 50%), followed by the reputation of the institution (n=13, 40.6%) and
by the reputation of the presenter (n=3, 9.4%). [Fig 1] The latter two were significantly (p<0.05) higher and lower than the
average international percentage, respectively.

Figure 3: employers support

Figure 1: criterion of choosing activities

The main reason that led participants not to attend an
e-Learning activity was the lack of time due to increased workload (n=23, 71.9%), followed by the inability to isolate (n=5,
15.6%), time zone differences (n=3, 9.7%) and more than one
educational activity scheduled to take place at the same time
(n=1, 3%). [Fig 4] Lack of time/increased workload was the
main reason in both the Greek and the international results,
but it was significantly higher in the Greek cohort (p<0.05).
The inability to isolate was reported two-fold higher to the
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international average (p<0.05). Simultaneous activities and
time-zone difference ranked lower for the Greek participants
(both p<0.05) compared to their international colleagues.

Figure 4: reasons for not attending

Two thirds of participants had a positive attitude towards
vascular e-Learning but with room for improvements (n=20,
62.5%). One third reported their appreciation was very positive and that e-Learning activities could replace traditional activities in some subjects (n=9, 28.1%). A minority expressed a
neutral (n=2, 6.25%) or a very negative opinion of online activities (n=1, 3.1%). [Fig 5] The percentage of Greek participants
who had a positive or very positive opinion was statistically
higher compared to the international results (p<0.05).
Access to an interesting previously-attended online activity was easy in most of the cases (n=18, 56.25%), very hard
in five cases (15.6%), hard in four (12.5%), impossible in two
(6.25%) and very easy in three (9.4%). Citing an online activity

was hard for 14 of the participants (43.7%). Six of the participants (18.75%) found it easy to cite online activities. Twelve of
the participants (37.5%) would not usually cite a presentation
as a valid source. These results were similar to the international ones.

Figure 5: overall impression of the online activities

Most of the participants would only list some of the attended online activities in their CVs (n=22, 68.75%), e.g. those
with official accreditation. This finding is statistically higher
than the international average (p<0.05). Half of the rest of the
participants (n=5, 15.6%) answered that they would definitely
list all attended online activities in their CVs. The rest five participants (15.6%) would not list any online activities.
A number of potential improvements of the e-Learning activities were recorded. Proper timekeeping was the most frequent point (n=4, 12.5%), with overall interaction mentioned
by three participants (9.4%). Other points included registration process, attendance certification, protected time provided by the employers, live cases and case reports.

Greek (n=32)

International (n=856)

p

28 (87.5%)

673 (78.6%)

NS

>5yrs of post training-experience

13 (40.6%)

482 (56.3%)

<0.05

<5yrs of post training-experience

9 (28.1%)

213 (24.9%)

NS

Trainees

10 (31.3%)

161 (18.8%)

<0.05

>4 activities

15 (46.8%)

461 (53.9%)

NS

2-4 activities

15 (46.8%)

300 (35%)

<0.05

1 activity

2 (6.25%)

95 (11.1%)

<0.05

Topic of the activity

16 (50%)

440 (51.4%)

NS

Reputation of speaker/panel

3 (9.4%)

178 (20.8%)

<0.05

Reputation of organizing institution

13 (40.6%)

65 (19.3%)

<0.05

Offiicical certification/accreditation

-

52 (6.1%)

<0.05

Other

-

21 (2.5%)

Male gender
Level of experience

Attendance

Criterion for attendance

34

Hellenic Journal of Vascular and Endovascular Surgery | Volume 4 - Issue 1 - 2022

Dissemination of information
Direct contact by society

18 (56.25%)

325 (38%)

<0.05

Social Media

6 (18.75%),

251 (29.3%)

<0.05

Online educational platforms

4 (12.5%)

132 (15.4%)

NS

Word of mouth

2 (6.25%)

63 (7.4%)

NS

Active search

2 (6.25%)

57 (6.7%)

NS

-

28 (3.3%)

No

18 (56.25%)

488 (57%)

NS

Yes

14 (43.75%)

368 (43%)

NS

23 (71.9%)

432 (50.5%)

<0.05

3 (9.7%)

157 (18.3%)

<0.05

1 (3%)

97 (11.3%)

<0.05

5 (15.6%)

79 (9.2%)

<0.05

Technical issues

-

25 (2.9%)

NS

Other

-

64 (7.4%)

Positive or very positive

29 (90.6%)

726 (84.7%)

<0.05

Neutral

2 (6.25%)

100 (11.7%)

<0.05

1 (3%)

30 (3.6%)

NS

Easy or very easy

21 (65.65%)

585 (68.4%)

NS

Hard or very hard

9 (28.1%)

195 (22.8%)

NS

Impossible

2 (6.25%)

76 (9.8%)

NS

Easy

6 (18.75%)

220 (25.7%)

<0.05

Hard

14 (43.7%)

295 (34.5%)

<0.05

Would not cite online activities

12 (37.5%)

453 (52.9%)

<0.05

Yes

5 (15.6%)

162 (18.9%)

NS

No

5 (15.6%)

241 (28.2%)

<0.05

22 (68.75%)

453 (52.9%)

NS

Other
Support by employer

Reasons for not attending
Lack of time/Increased workload
Time-zone difference
Simultaneous online activities
Inability to isolate

Overall appreciation

Negative or very negative
Access to previously attended activites

Citing an online activity

Inclusion of online activities in CV

Only specific activities
NS: Not significant, CV: Curriculum Vitae

Table 1: Overview of the Greek results and comparison to the International results

DISCUSSION
Greek participation to the EL-COVID survey was significant
(n=33, 3.9%) compared to other larger countries. The demographics of the Greek participation was similar to the international results of the survey: male preponderance with the
majority of participants being vascular surgeons with more
than five years of experience. The participation of trainees
was almost double of the international average- a statistically
significant finding - although trainees participation was lower
than what reported in previous similar studies.16

Approximately half of the participants attended more than
four online activities which is equivalent to the international
results. The other half of the participants attended 2-4 online
activities, a rate higher than the international average. As a
result, we could presume that our Greek peers have attended
more online activities than the average participant, although
this assumption should be considered with some caution.
Greek peers attended national and international online
activities in approximately equal rates although the vast
majority of both these activities did not offer any official ac-
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creditation or certificate. National activities attendance was
higher than the average international rate, but the difference
was statistically insignificant. Significantly lower was the percentage of national or international activities offering official
accreditation or certificate that were attended by the Greek
vascular peers. This finding along with the fact that the main
criterion for attending an online activity was the topic of the
activity could lead to the conclusion that Greek vascular surgeons and trainees attend the online activities they consider
interesting disregarding whether this activity lead to official
accreditation.
Apart from the activity topic, the second criterion for
Greek peers to attend an online activity was the reputation
of the presenter/panel and the reputation of the institution
behind the activity, but the rates of these criteria were significantly different to the international average. Greek colleagues
considered two-fold more important the reputation of the
institution compared to their international peers, while the
reputation of the presenter/panel was half the international
average. In the Greek cohort, official accreditation/certificate
played a less important role as a criterion for attending an activity.
Greek peers seem to depend more than their average
international colleague national societies to get informed
on upcoming online activities and less on social media. It is
not surprising that the Hellenic Society of Vascular & Endovascular Surgery, the Hellenic Angiological Society and the
Hellenic Phlebological Society do not have an active presence
in so.me.. The role of educational/training platforms and the
direct dissemination of information did not differ significantly
between the Greek and the international vascular surgeons
and trainees.
Alike their international counterpants, Greek employers
did not generally support their staff in attending an online activity. Before the pandemic, Greek physicians would normally
apply for an educational/training leave in order to physically
attend workshops or congresses. In the pandemic era, when
physical presence was either discouraged or forbidden, physicians could not follow a similar procedure to acquire protected time to attend an online activity, as such a process does
not exist. Therefore, protected time is not available for online
activities and physicians have to schedule their clinical work to
accommodate such an activity.
The main reason for not attending an online activity was
the lack of time/increased workload; a reason consistent with
the international average. This could be the result of redirecting all medical staff (including vascular professionals) to supporting other specialties in treating COVID patients or directly
be involved in the pandemic when available staff was limited.
The second more important reason for Greek peers was the
inability to isolate at a rate two-fold higher to the international average. Simultaneous activities and time-zone difference
did not play a major role for the Greek participants.
The overall appreciation of online activities was very positive or positive in 90% of the Greek participants despite the
novelty that vascular e-Learning persists to be in our country;
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a rate higher than the international average and consistent to
previously reported local findings.16
Greek and international participants reported similar rates
of difficulty in accessing previously attended online activities,
with approximately two thirds considering it very easy or easy
to do so. Greek participants are less hesitant than their international counterpants to cite an online activity as a source of
information. A higher percentage of Greek participants would
cite such an activity, despite considering it difficult to do so.
Significantly higher percentage of Greek participants
would list some of the attended online activities in their CVs
- e.g. those with official certificate. A possible explanation of
why Greek participants would list online activities on their CVs
more easily than their international counterparts could be
that the medical staff recruitment process in the Greek public
hospitals benefits those physicians who participated in a larger number of continuous medical education (CME) activities.
As expected, this benefit is even more prevalent when physicians apply for academic posts. Therefore, listing as many
CME activities as possible in their CVs gives physicians a greater opportunity to be recruited by the institutions of their preference.
The Greek participants also expressed some point of potential improvement for vascular e-Learning in the future and
these points coincide with the ones coming from other parts
of the world, demonstrating that the inbred weaknesses of
e-Learning (e.g. isolation and lack of interaction) persist.
Apart from its deadly statistics and the socioeconomic
challenges, the pandemic was an opportunity for e-Learning
to be widely developed and deployed. The medical field employed e-Learning. Despite the weaknesses, the overall appreciation of e-Learning was positive across medical specialties
as demonstrated by a number of systematic reviews.5, 17-22 In
general, the current findings coincide with the reported results of these publications. The next research step would be
to research the efficacy and efficiency of individual tools of
e-Learning in vascular surgery.
CONCLUSIONS
The overall appreciation of vascular e-Learning was positive
despite existing weaknesses. Compared to the international results of the EL-COVID survey, the Greek results mostly
match the international results apart from the less important
role of so.me. in the dissemination of information within the
Greek vascular society and that most Greek colleagues would
easily list attended online activities in their CVs. Other minor
differences between the two sets of data also exist.
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Abstract:
Purpose: The purpose of our report is to present a patient with an aortobifemoral graft infection treated with a selfmade bifurcated graft created by bovine pericardium patches.
Case Report: We present a 73-year-old male who was admitted because of an aortobifemoral graft infection. The patient was treated by complete removal of the infected graft and in situ reconstruction with a self-made bifurcated graft
created by a 12 x 25 cm bovine pericardium patch which was rolled over a 24F chest tube and sutured with two layers
of a 5/0 polypropylene running suture. Postoperative course was uneventful. CTA at 3 months revealed the absence of
any sign of infection.
Conclusion: Complete excision of the infected prosthetic material, and in situ reconstruction using a self-made bifurcated graft made of bovine pericardium provided good results regarding technical success, patency and freedom from
reinfection and reoperation. The bovine pericardium, self-made graft is therefore a valuable part of our surgical armamentarium against aortic graft infections.

According to the European Society for Vascular and Endovascular Surgery (ESVS) 2020 Clinical Practice Guidelines on the
Management of Vascular Graft and Endograft Infections, for
fit patients with an abdominal aortic vascular graft/endograft
infection, complete excision of all graft material and infected
tissue is recommended for definitive treatment.1 The question
is how you will restore the perfusion of the lower limbs. In
general, there are two options: extra-anatomic and in-line reconstruction, with several choices of grafts being available in
the case of in-line reconstruction, including autologous veins,
cryopreserved allografts, silver coated grafts, rifampicin bonded polyester grafts and bovine pericardium. According to the
ESVS 2020 guidelines, in situ reconstruction with autologous
vein should be considered as the preferred method, whereas
all the remaining conduits should be considered as alternative
solutions.1 Extra-anatomic reconstruction may be considered
for patients with a large abscess or multiresistant microorganisms.1
Despite being the best available solution, in situ reconstruction with autologous vein is far from ideal. Harvesting
Author for correspondence:
John D. Kakisis
Department of Vascular Surgery, “Attikon Hospital”
1 Rimini street - Haidari, 12462 - Athens, Greece
E-mail: kakisis@med.uoa.gr
ISSN 2732-7175 / 2022 Hellenic Society of Vascular and
Endovascular Surgery Published by Rotonda Publications
All rights reserved. https://www.heljves.com

difficulties, a long operation time, and venous morbidity, such
as edema, represent some of the most common problems.1
Moreover, although venous grafts might be effective for highly virulent pathogens, they are not immune to infection, especially in the presence of Gram-negative micro-organisms,
MRSA, or Candida spp.1
Therefore, the quest for the ideal conduit, combining offthe-shelf availability and resistance to infection, is ongoing.
Herein we present a patient with an aortobifemoral graft infection treated with a self-made bifurcated graft created by
bovine pericardium patches.
CASE REPORT
A 73-year-old male patient presented at the emergency department of our hospital with abdominal pain. He had an aortobifemoral bypass placed 32 years before for aortoiliac occlusive disease. Two months before the aortobifemoral bypass
procedure, he had undergone coronary artery bypass grafting
and 25 years later percutaneous transluminal coronary angioplasty. Twenty-nine years after the aortobifemoral bypass he
presented with a right femoral pseudoaneurysm at another
hospital and was treated with replacement of the distal few
centimeters of the right limb of the graft with a new prosthetic
graft and a new femoral anastomosis.
The patient was afebrile and his abdomen was soft and
non-tender. His lab tests disclosed leukocytosis (22,430/
μl) and elevated C-reactive protein (CRP) levels (151 mg/L).
A computed tomography angiography (CTA) was performed
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which revealed a fluid collection around the aortobifemoral
graft limbs which, in concert with the history of the patient
and the lab tests, substantiated the diagnosis of graft infection
(Figure 1). An abdominal CTA, performed three years before,
when the right femoral pseudoaneurysm was treated, was
also available for comparison and revealed the absence of
any fluid collection around the graft, further confirming the
already made diagnosis.

Figure 2: Abdominal and lower limb CTA revealing that the distance
from the lower renal artery to the common femoral artery bifurcation was 30 cm on the right side and 27 cm on the left.

Two tube grafts were prepared using a 12 x 25 cm bovine
pericardial patch (PERI-GUARD Patch, Baxter International Inc.
Deerfield, IL, USA) which was rolled over a 24F chest tube and
sutured with two layers of a 5/0 polypropylene (Corolene, Peters Surgical, Boulogne-Billancourt, France) running suture,
the first one in a meandering fashion and the second one in
an over and over technique. The two tube grafts were then
sewn together at their proximal end to form a bifurcated graft.
The required length of 30 cm was achieved by adding a main
body in the bifurcated graft. The main body was created by
rolling a bovine pericardial patch over both 24F chest tubes
and suturing it with two layers of a 5/0 Prolene running suture
(Figure 3).

Figure 1: Abdominal CTA revealing the presence of fluid collections
(arrows) around the aortobifemoral graft limbs, indicating graft infection.

The patient was admitted to the hospital and a broad-spectrum intravenous (IV) antibiotics regimen was established,
consisting of ciprofloxacin 400 mg bid and metronidazole
500 mg tid. Two blood cultures taken before the initiation of
the antibiotics were negative. Despite this fact, white blood
cell count returned to normal limits within 3 days (9,700/μl)
whereas CRP remained elevated (98.5 mg/L). This was considered to be the ideal time for the excision of the aortobifemoral graft. The length of the conduit required for an in-line
reconstruction was measured on the CTA and was found to
be 30 cm (Figure 2). Due to the long length of the required
vascular conduit, reconstruction with a self-made bifurcated
bovine pericardium graft was decided.

Figure 3: Creation of a bifurcated graft by suturing together two tube
grafts and then adding a main body, all made by bovine pericardium
patches rolled over chest tubes and sewn with 5/0 polypropylene
sutures.
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Figure 4: Aortobifemoral bovine pericardium graft after successful insertion. (A) main body, (B) right femoral and (C) left femoral anastomosis.

bifemoral graft was exposed, the aorta was clamped between
the two renal arteries and the graft was excised and replaced
by the self-made bifurcated bovine pericardium graft (Figure
4). The synthetic graft as well specimens of the surrounding
tissues were sent for bacterial culture, which revealed the
presence of a multisensitive Staphylococcus epidermidis.
Postoperative course was uneventful. Following instructions by the hospital infectious disease team, the patient
received IV antibiotics for another two weeks and was discharged with an oral antibiotic regimen of ciprofloxacin 500
mg and minocycline 100 mg twice daily.
A follow-up CTA was performed 3 months after the operation and disclosed unrestricted patency of the bovine pericardium graft and complete regression of all signs of retroperitoneal infection (Figure 5). Subsequently, antibiotic treatment
was discontinued. After another three months, the patient
remains asymptomatic.
DISCUSSION

Figure 5: CTA 3 months after the implantation of the bifurcated bovine pericardium graft reveals an ideal reconstruction without any
signs of infection.

Under general anesthesia, a laparotomy and two longitudinal femoral incisions were performed by a second team
working simultaneously. After careful adhesiolysis, the aorto-

The self-made bovine pericardial graft combines several properties of an ideal vascular conduit used for aortic reconstruction in the case of prosthetic graft infection, including off-theshelf availability, high resistance to infection, good patency
and low reintervention rates. Whether these advantages
are alleged or real has been evaluated in a recent systematic
review of 4 studies describing 71 patients treated for aortic
graft and native aortic infections with orthotopic xenopericardial grafts.2 The excellent patency was confirmed beyond
any doubt, since there were no cases of early or late graft
thrombosis. The resistance to infection, on the other hand,
is relatively high but not absolute, with 5.6% of the patients
suffering from a recurrent infection leading to the death of
two of them by rupture at 4 and 7 months after implantation
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of the self-made tube graft. Within a mean follow-up of 28
months, 3.7% of the patients had a false aneurysm, 1.4% early rupture and 3.7% late rupture. Two retrospective studies,
published thereafter, confirmed the high level of resistance to
infection that the bovine pericardial graft offers, reporting a
reinfection-free rate of 98-100% after a median follow-up of
6-11 months.3,4
The risk of recurrent infection, leading to either graft rupture or false aneurysm formation, makes the need of postoperative antibiotic therapy imperative. Nevertheless, there is no
consensus regarding the duration of antimicrobial therapy. In
the largest series of 35 patients, published by Weiss et al, the
median duration of post-operative antimicrobial therapy was
76 days, ranging from 26 to 1058 days.5 Lifelong antimicrobial suppression therapy was indicated only in patients with
incomplete graft removal. In another series of 13 patients by
Lutz et al, all patients received antibiotics during surgery and
for at least two weeks following surgery.6 If persisting clinical
signs of infection or fistulae were present, antibiotics were
given for 3 months following surgery. Kubota et al recommend that antibiotic treatment should be stopped after 4 to
6 weeks, if inflammatory marker values have become normal
and the diagnostic images no longer show evidence of the infection by that time.7 Otherwise, antibiotic treatment should
be continued. Czerny et al, on the other hand, recommend
discontinuation of the antibiotics after 6 months, if there is
favorable clinical evolution (absence of fever or weight loss),
normalization of infectious values (erythrocyte sedimentation
rate, C-reactive protein serum levels, white blood cell count)
and normalized imaging.8 Otherwise, antibiotic treatment
should be continued. Although no definite conclusion can be
made from a single case, in our patient a 3 months antibiotic therapy proved to be adequate. The exact duration of the
antimicrobial therapy, as well as the question of whether this
decision should take into account the type of microorganism
and the presence of an aortoenteric fistula remain to be answered.
Staphylococcus aureus, gram-negative bacteria (mostly Escherichia coli), enterococcus and fungi are the most commonly isolated microorganisms.2 However, no association between
the type of microorganism and mortality or re-infection has
been found.2
Although autologous vein grafts are also not immune to
infection, they remain our first choice, in accordance with the
ESVS guidelines. The associated venous morbidity depends on
the length of the vein that is harvested. It is our practice to
limit the length of the vein we harvest in the subsartorial part,
from the adductor canal to the junction between the profunda and the common femoral vein, so that the peri-geniculate
collateral vein network between the popliteal and the profunda femoral vein remains intact. In this particular patient,
however, the length of the vein graft had to be 30 cm, which
means that the popliteal vein should be harvested down to
the knee joint. The presence of the perigraft abscess, on the
other hand, prevented us from using a synthetic graft, even if
it was silver coated or rifampicin soaked.

The timing of the infected graft explantation and the aortic reconstruction is another point where a prudent decision
needs to be made. Such operations are associated with a 30day mortality of about 25%, most part of which is due to septic multiorgan failure.2 Czerny et al have shown that perioperative mortality is excessively high in emergency procedures
and advocate their policy of waiting until clinical as well as
laboratory signs of systemic infection are at least decreasing.8
This is the strategy that we have also adopted in out Department and has been justified by the treatment outcome.
A recent development is the commercial availability of
prefabricated bovine pericardial grafts, produced by BioIntegral Surgical Inc, Mississauga, Ontario, Canada. These grafts
received CE certification in December 2019. In a series of 21
patients, published by Burghuber et al in 2021, the 30-day
mortality was 9.5%, and the 1- and 2-year overall survival
was 84% and 75%, respectively.9 Of the 21 patients treated
with the prefabricated bovine pericardial graft, 89% had remained free of recurrent infection after a median follow-up
of 22 months. At 2 years, the primary and assisted primary
patency rates were 86% and 94%, respectively. No limbs were
lost during follow-up.
In conclusion, complete excision of the infected prosthetic
material, and in situ vascular reconstruction using a self-made
bifurcated graft made of bovine pericardium as a neoaortoiliac system provided good results regarding technical success,
patency and freedom from reinfection and reoperation. The
bovine pericardium self-made graft is therefore a valuable
part of our surgical armamentarium against aortic graft infections.
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Abstract:
Purpose: To describe a custom-made endovascular treatment for a patient with an abdominal aortic aneurysm and a
pelvic kidney.
Case report: A 75-year-old male with a history of abdominoperineal resection with an abdominal stoma, and a large
abdominal incisional hernia, was admitted for the treatment of an abdominal aortic aneurysm. Despite the existence of
sufficient proximal and distal landing zones, the left renal artery emerged from the proximal part of the common iliac
artery perfusing an ectopic pelvic kidney, this rendering a standard endovascular treatment impossible. To preserve the
functioning pelvic kidney, a custom-made aortic endograft was designed consisting of a custom-made main body and an
iliac-branched device for the perfusion of the pelvic kidney. The procedure was successful and at 3-years follow-up there
is no endoleak and the pelvic kidney is well-perfused.
Conclusion: The iliac-branch platform can be used as a custom-made solution for the treatment of the rare case of abdominal aortic aneurysm with pelvic renal ectopia.

INTRODUCTION
Renal ectopia is an atypically placed kidney (crossed, abdominal, lumbar or pelvic) due to an abnormal migration from the
fetal pelvis during development of the embryo1. Incidence of
pelvic kidney has been estimated at between one in 2200 and
one in 30002. It does not usually have clinical significance but
on the rare occasions that it coincides with abdominal aortic
aneurysm (AAA) repair, it presents a significant technical challenge to preserve renal function of both kidneys and minimize
ischemic insult3, 4.
The unusual position of the kidney causes vascular anomalies. Ectopic kidney’s vascularization can be from the aneurysm sac, the aortic bifurcation, or even the iliac vessels. In a
recent literature review, an algorithm was proposed for the
choice of the proper type of treatment5. The first step is to
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establish the patient’s general risk level. Endovascular treatment should be the first choice for a high-risk patient, even
sacrificing the ectopic kidney’s arterial perfusion. If the surgical risk is not considered high, the surgical environment for
open repair should be assessed. If the patient does not have
a hostile abdomen, then open repair should be first choice. If
there is a hostile abdomen, an endovascular or a hybrid approach may be used aiming to preserve the perfusion of the
functioning pelvic kidney5.
We describe a patient with an AAA and a left pelvic kidney
unsuitable for an open repair due to a hostile abdomen. The
patient underwent a complete endovascular repair with a custom-made endograft.
DESCRIPTION OF CASE
A 75-year-old man was admitted for the elective treatment
of an AAA. He had a history of abdominoperineal resection
for rectal carcinoma 10 years previously. Following his initial
operation, he developed a large midline incisional hernia. The
computed tomography angiography scan of his aorta (CT aorta scan) demonstrated an AAA with 55 mm maximum diameter, extended to the aortic bifurcation. Although there was
12 mm proximal neck to the right renal artery with thrombus
formation, the left renal artery (4.5 mm in diameter) emerged
from the common iliac artery just below the aortic bifurcation
due to a pelvic kidney (Figure 1).

A custom-made endograft for the treatment of an abdominal aortic aneurysm with an ectopic pelvic kidney

Figure 1: Preoperative CT scan: arrows indicate the normal right kidney (left blue arrow) and ectopic pelvic kidney (right red arrow).

Figure 2: Components used for the custom-made endograft solution
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The patient was considered unfit for an open repair due
to a hostile abdomen (previous abdominal procedure, large
incisional hernia, and stoma), so a decision for an endovascular approach was made. The proximal landing zone at the
right renal artery had some thrombus, thus an endograft with
suprarenal fixation was chosen due to the risk of dislodgement and possible distal embolization. As the distance from
the orthotopic renal artery to bifurcation was quite short (85
mm), a custom-made endograft with a short main body was
considered necessary. The common iliac arteries had around
25 mm diameter in healthier vessels but were severely calciﬁed elsewhere with diameter in certain areas of less than
6 mm. The length of the main trunk of the renal artery of the
ectopic kidney was 12 mm after which it was bifurcated into
two smaller branches.
A custom-made endovascular solution was designed using a Terumo AorticTM (formerly Bolton Medical) short TREOTM
main body (30 mm from the top of the graft to the flow divider), extended with an iliac branched device (IBD) on ipsilateral
side (7 mm inner diameter × 40 mm), to preserve the pelvic
renal artery. Balloon-expandable stent-grafts were preferred
over self-expanding stent-grafts for more accurate position-

ing. Two long (59 mm) Atrium Advanta V12TM Balloon Expandable Covered Stents (Maquet, Getinge Group©) were used to
bridge the IBD device to the pelvic renal artery, achieving adequate over-lapping to each other, the first one with a proximal
diameter of 7 mm (ﬂared inside the IBD) and a distal of 5 mm
diameter inside the renal artery to avoid excessive oversizing
(Figure 2). The catheterization of the renal artery of the pelvic
kidney was achieved through a left axillary artery approach,
thus long shaft stent-grafts of 120 cm length were chosen. The
first main body was inserted from the left iliac axis, while the
second custom-made bifurcated graft from the right iliac axis.
Finally, an iliac extension was inserted in the left common iliac
artery. The steps of the plan of the procedure are depicted
in Figure 3. The completion angiography demonstrated good
flow on both renal arteries, the orthotopic and the pelvic one,
without any obvious endoleak.
The patient had an uneventful recovery and was discharged on the postoperative day 4. On his 3-years follow-up,
his creatinine level has been unchanged, and a CT scan shows
that the AAA is completely excluded with no endoleak and
both kidneys are well perfused (Figure 4).

Figure 3: Schematic plan of the procedure: 1. Short-length custom-made main body in the proximal aorta. 2. Custom-made iliac branched
device for the perfusion of the pelvic kidney. 3. First balloon expandable covered stent (7 mm) emerging from iliac branch device, 4. Second
balloon expandable covered stent (5 mm) into the pelvic renal artery, 5. Iliac extension on the left common iliac artery.

Figure 4: Three-dimensional reconstructions of the preoperative (left) and 3-year post-operative (right) CT scans.

A custom-made endograft for the treatment of an abdominal aortic aneurysm with an ectopic pelvic kidney

DISCUSSION
The co-existence of renal ectopia and AAA presents formidable challenges for aortic surgery, as the surgeons must be
prepared to preserve or revascularize the anomalous renal
arteries6, 7. This was the aim with this patient whose history
of previous laparotomy for an extensive colon procedure and
the presence of a large incisional hernia together with a stoma
presented a seriously hostile environment for an open repair
and imposed the implementation of an endovascular solution. Preoperatively, 3 endovascular solutions were considered: first, a standard endovascular repair (EVAR) sacrificing
the pelvic kidney; second, a parallel stents approach (chimney
technique); and third, a tailored solution with a fenestrated or
other custom-made endograft. The third option was chosen
as the most anatomical solution and potentially the best one
regarding long-term results.
Complex endovascular repair has become increasingly
common in treating aortic aneurysmal disease8,9. This is obviously demonstrated by the 673 custom-manufactured grafts,
604 off-the-shelf fenestrated devices, 189 physician-modified
devices, and 197 snorkel/chimney repair cases, reported in
the Vascular Quality Initiative between 2012 to 201710. In our
case, two custom-made main bodies, based on the concept of
internal iliac branched device addressed a complex aortoiliac
geometry and allowed for pelvic kidney preservation.
A few similar reports exist in the literature. Kfoury et al
successfully used EVAR with chimney stenting of an ectopic renal artery on an octogenarian AAA patient with crossed fused
renal ectopia11. The authors suggested the use of self-expandable stent-grafts as chimney grafts due to their flexibility as
opposed to the more rigid balloon-expandable stent-grafts
that might kink in acute angles of the renal artery. Another report of a patient with AAA and crossed fused renal ectopia described EVAR after preoperative coiling of an ectopic aberrant
renal artery with no adverse effect on renal function12. However, although occlusion is an option with an aberrant artery, it
cannot be an option when there is a single renal artery. Spear
et al used fenestrated and branched endografts in 9 patients
with challenging renal artery anatomies including pelvic and
horseshoe kidneys, in patients unfit for open repair13. Morales
et al described the use of a customized endovascular prosthesis for the treatment of type IV thoracoabdominal aortic aneurysm and a congenital pelvic kidney14. Finally, Majumder et al
described the use of a custom-made fenestrated endograft for
the treatment of and AAA with a congenital pelvic kidney15.
Their technique was enhanced by additional prototype testing
prior to surgery providing greater detailed information about
the deployment of the branched endograft.
From a health economic perspective, the cost of a complex
EVAR is significantly higher than both standard EVAR and open
repair16, 17. In the WINDOW trial whch assessed the cost-effectiveness of complex EVAR versus open repair, the complex
EVAR group did not show any survival benefit and was also
more expensive and less effective in patients with pararenal
or juxtarenal aneurysms18. Nevertheless, in rare cases where
there is no open surgery alternative, as in our case, complex
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EVAR may be considered an acceptable solution.
A possible problem with our solution has been the need to
use two long successive stent-grafts to the pelvic renal artery.
We chose to use two stent-grafts of different sizes, a larger
proximally and a smaller distally, in order to achieve a better
sealing on the different sizes’ proximal and distal landing areas. The potentially unstable position of the kidney inside the
pelvis may be a risk for graft occlusion or proximal migration
in the future. As with all endovascular treatment, surveillance
is required: at his last follow-up at three years post the procedure, the patient was in optimal clinical shape with a well-perfused pelvic kidney on the CT scan.
CONCLUSION
A custom-made stent-graft based on the iliac branch platform,
seems a feasible solution for the rare case of concomitant AAA
and pelvic kidney. Endovascular treatment may be considered
a therapeutic alternative in patients with AAA and renal arteries anomalies, especially when open repair is impossible.
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