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INTRODUCTION
Juxtarenal and pararenal abdominal aortic aneurysm repre-
sent approximately 15% of all abdominal aortic aneurysms, 
while thoracoabdominal aortic aneurysms (TAAA) have a re-
ported prevalence of 5.9/100.000 person years.1,2 Historically, 
open surgical repair has been considered the standard treat-
ment for complex aortic aneurysms and it was recommended 
in the guidelines for patients fit to undergo conventional re-
pair.3,4 However, open surgical repair has been traditionally as-
sociated with extensive thoracoabdominal exposure, proximal 
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aortic cross-clamping, prolonged visceral and renal ischemia, 
high cardiovascular, pulmonary and renal morbidity rates, as 
well as increased intensive care unit (ICU) and hospital stay.5-

7 Endovascular strategies seem to be superior to open surgi-
cal repair in terms of early morbidity and mortality, gradually 
evolving as the first-line treatment for complex aortic aneu-
rysm of the descending thoracic and abdominal aorta.

Incorporation of renal and visceral vessels using fenestrat-
ed or branched endovascular repair (F/B-EVAR) have gained 
widespread use over the last decade, allowing for suprarenal 
and/or supravisceral aneurysm exclusion.8,9 These modalities 
have been associated with lower early perioperative mortality 
and morbidity rates, in addition to lower rates of acute kidney 
injury and spinal cord ischemia in the immediate postopera-
tive period, when compared to traditional open surgical repair 
patient cohorts.10,11 Target vessel bridging stent-graft patency 
rates appear high in the short-term follow-up, gradually de-
creasing during mid-term to long-term postoperative sur-
veillance, a phenomenon especially observed in renal artery 
stent-grafts.12,13

Robust data indicate that concentrating perioperative 
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Abstract:
Introduction: Open surgical repair of juxta-, para- and thoracoabdominal aortic aneurysms (TAAA) has been the 
gold-standard for patients fit for surgery. However, endovascular repair of complex aortic aneurysms using devices im-
plementing directional branches or fenestrations for incorporation of reno-visceral target vessels (TV) has gained wide-
spread attention, due to its lower mortality and complication rate and its more attractive profile for high-risk patients. 
Nonetheless, complex endovascular technologies require meticulous abidance to protocols for successful application.
Methods: A retrospective analysis of prospectively collected data from a single, tertiary center was undertaken, includ-
ing all patients undergoing complex aortic endovascular repair with fenestrated (F-EVAR) of branched devices (B-EVAR) 
from a 5-year time period (2018-2023). Primary outcomes included 30-day mortality, while secondary outcomes includ-
ed primary TV patency, acute kidney injury (AKI), spinal cord ischemia (SCI), myocardial infarction (MI) and stroke rates. 
Results: Of 74 patients (mean age: 69 ± 5.6 years-old, 98% males), 31 (42.6) and 43 (57.6%) were treated by F-EVAR and 
B-EVAR, respectively. Mean aneurysm diameter was 68 ± 1.8cm, with 15 (20.5%) juxtarenal AAA, 27 (35.6%) pararenal 
AAA, 16 (21.9%) type IV TAAA, 6 (8.2%) type III TAAA, and 10 (13.7%) type II TAAA treated. Sixteen (21.6%) patients were 
treated due to failed-EVAR. In total, 272 TV were successfully revascularized. Thirty-day mortality was 8.1%. Primary TV 
patency rate was 99.2% (270/272). Endoleak rate was 8.1% (6/74). No cases of AKI or MI were observed. One (1.3%) case 
of hemorrhagic stroke was observed. Three cases (4%) of SCI were observed, including one temporary paraparesis and 
two permanent paraplegia cases. Reintervention rates was 5.4%, including two cases of renal artery stent thrombosis 
revascularization procedures.
Conclusions: Endovascular repair of complex aortic aneurysms is feasible, with good perioperative outcomes. Adher-
ence to precise protocols covering every technical aspect of patient care is warranted for satisfactory outcomes.
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expertise in addition to centralizing services is crucial for 
high-quality aortic care. High-volume aortic centers have been 
shown to provide state-of-the-art care for patients with com-
plex aortic lesions, improving their outcomes with time.14,15

In the current analysis, we aim to present the 30-day out-
comes following endovascular repair of complex aortic aneu-
rysms in a single-tertiary center during a 5-year period.

METHODS
A single-center, observational retrospective study of prospec-
tively collected data was conducted. All patients who under-
went endovascular repair of complex aortic aneurysms during 
a 5-year period (May 2018 - May 2023) in a vascular surgery 
department of a tertiary university hospital were included in 
the analysis. Patients that were treated with chimney EVAR 
(ChEVAR) technique were excluded. All included patients 
provided written informed consent. Data were collected pro-
spectively and analyzed retrospectively by two (G.K., K.S.) ex-
perienced vascular surgeons who were involved in patients’ 
management and care. Demographic data (sex, age, comor-
bidities including hypertension (HTN), dyslipidemia (DL), coro-
nary artery disease (CAD) diabetes mellitus (DM), chronic-ob-
structive pulmonary disease (COPD), history of smoking, atrial 
fibrillation (AF)) were collected. 

Aneurysm-related definitions & Operative characteristics
Aneurysm-related characteristics, including maximum di-
ameter, aneurysm type [pararenal, juxtarenal, suprarenal, 
thoracoabdominal type I-V (Safi modification of Crawford 
classification)16], clinical status (asymptomatic, symptomatic, 
rupture), prior standard endovascular aortic aneurysm repair 
(EVAR), prior presence and type of endoleak were also col-
lected. Aneurysms with an aortic neck <5mm from the lowest 
renal artery were defined as juxtarenal. Aneurysms in which 
at least one renal artery originated from the aneurysm sac 
were defined as pararenal and aneurysms involving the ori-
gin of one or more visceral (celiac artery, superior mesenteric 
artery) without extending above the diaphragm were defined 
as suprarenal, partially following reporting the suggested ter-
minology of the reported standards on complex aortic repair.17 
Operative details collected included the type of endovascular 
repair (F-EVAR, B-EVAR, combination of both), type of aortic 
endograft deployed, number of target vessels (TV) incorporat-
ed and type of bridging stent-grafts deployed. 

Outcomes - Definitions
Outcomes during the initial 30-day postoperative period were 
assessed. Primary outcomes included primary technical suc-
cess, defined as successful introduction and deployment of 
the device in the absence of surgical conversion or mortali-
ty, type I or type III endoleak, branch occlusion, or graft limb 
obstruction.17 Secondary outcomes included target vessel (TV) 
primary patency, presence and type of endoleak in follow up 
CTA, reintervention, acute kidney injury, spinal cord ischemia, 
stroke (ischemic, hemorrhagic) and myocardial infarction 
(MI). Definitions and reporting of outcomes regarding primary 

technical success, acute kidney injury (AKI), myocardial infarc-
tion (MI), presence and type of endoleaks, reintervention, and 
major cerebral events/stroke were carried out based on the 
Reporting Standards for endovascular aortic repair of aneu-
rysm involving the renal-mesenteric arteries.17 

Initial Evaluation
All patients presenting in the outpatient clinic or the emer-
gency department with a complex aortic aneurysm who were 
treated by F/B-EVAR were included. All patients received a 
complete clinical assessment by a vascular surgeon, under-
went a complete blood work-up and computed tomography 
angiography (CTA) of the aorta and the iliac arteries. Imag-
ing studies were assessed in a dedicated evaluation software 
(3mension Vascular, Pie Medical Imaging, Philipsweg 1 6227 
AJ, Maastricht, The Netherlands) and the endovascular op-
erative strategy was evaluated and decided by two of four 
vascular surgeons with experience in complex aortic repair 
(M.M., A.G., G.K. K.S.). Type of endovascular repair was decid-
ed following measurement, planning, and sizing. Adherence 
to Instructions for Use (IFU) was absolute in all cases where 
“off-the-shelf” devices were utilized. 

Operative Details
Techniques for vascular access, device orientation and im-
plementation, as well as target vessel incorporation and 
catheterization have already been described.18 Intravenous 
unfractioned heparin is administered (5000 IU) for an ACT of 
>250sec, measured every 30 minutes, with additional heparin 
infusions for target ACT maintenance. Patent left subclavian 
artery, as well as hypogastric arteries, is considered the stand-
ard of care, as we opt for their patency conservation of them, 
aiming towards stroke and spinal cord ischemia protection. 
During the last year, we opted for an increased number of 
two-staged procedures, especially regarding elective B-EVAR 
procedures with increased aortic coverage, not implementing 
a directional side branch for spinal cord blood supply condi-
tioning. Regarding the fenestrated devices, all were provided 
by a single platform (COOK Medical, Bloomington, Indiana, 
USA). Regarding branched endovascular repair, devices were 
provided by different platforms (COOK Medical, Bloomington, 
Indiana, USA and ARTIVION, 1655 Roberts, Kennesaw, USA) 
and incorporated either outer or inner directional branches 
for visceral vessels. Upper extremity vascular access (axillary 
artery) was utilized in all B-EVAR cases, while it was used in 
specific anatomies or as a bail-out option in F-EVAR cases. De-
ployed bridging stentgrafts for visceral vessel incorporation 
included both balloon-expandable (BXCS) and self-expanding 
(SXCS) covered stentgrafts, while relining was not routine and 
was opted for per surgeon preference. 

Postoperative Surveillance
Our aim was to extubate every patient in the operation thea-
tre after the end of the operation and thus not admit them to 
the ICU. Following a 2-hour surveillance period in the resus-
citation suite, unless an extended close-up surveillance was 
needed, all patients were transferred to the Vascular Surgery 
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ward for postoperative monitoring. Our strategy according 
to antiplatelet therapy is the administration of aspirin alone 
(acetylsalicylic acid 100mg od) preoperatively as well as in the 
immediate first 24hour period, allowing for spinal cord drain-
age in cases of acute SCI. Dual antiplatelet medication is ad-
ministered after the 1st postoperative day (adding clopidogrel 
75mg od), following a complete motor and sensory evalua-
tion of the patient. For the initial 24-hour period, all patients 
were under close monitoring, including arterial blood pres-
sure, ECG and hourly urine output evaluation. All patients are 
mobilized during the 1st postoperative day and were started 
on a clear-liquid diet, unless contraindicated. Following dis-
charge, all patients undergo a complete clinical evaluation and 
blood-work up at the postoperative 30-day mark and re-eval-
uated at the outpatient clinic. CTA of the aorta and the iliac 
arteries was undertaken either during the hospital stay of 
the patient (followed by an ultrasound evaluation during the 
30-day mark) or at the 30-day mark, at the discretion of the 
operating physician. Patients are evaluated every 6 months 
during the 1st postoperative year by clinical evaluation, blood 
workup and via triplex ultrasound, and yearly afterwards. CTA 
is performed at the 1 postoperative year hallmark and every 
year afterwards. Should any concerns arise (sac expansion, 
evidence of endoleak or target vessel occlusion) a new CTA is 
performed for further diagnostic follow-up.

RESULTS
From May 2018 to May 2023, a total of 74 patients (mean 
age: 69 ± 5.6 years-old, 98% males) were treated with a F/B-
EVAR device. Patients’ comorbidities are shown on Table 1. 
Most patients (n=60, 81%) were treated electively (asymp-
tomatic), while 11 (14.8%) patients were treated for a symp-
tomatic presentation of an intact aneurysm, one patient was 
treated for an aortoenteric fistula following open surgical re-
pair (1.3%) and two (2.7%) patients presented with a ruptured 
aneurysm. Sixteen (21.6%) were treated on the grounds of a 
prior failed-EVAR, 81.2% (13/16) of whom presented with a 
type Ia endoleak. 

Aneurysm-Related & Technical Characteristics
Mean aneurysm diameter was 68 ± 1.8cm. Type of aortic 
aneurysms treated included 15 (20.2%) juxtarenal AAA, 27 
(36.4%) pararenal AAA, 16 (21.6%) type IV TAAA, 6 (8.1%) 
type III TAAA, and 10 (13.5%) type II TAAA. Regarding the type 
of endograft, 30 (40.5%) were fenestrated and 43 (58%) were 
branched devices, while one patient (1.5%) was treated with a 
combination of a fenestrated and a branched device. Regard-

ing fenestrated devices, all were provided by COOK (COOK 
Medical, Bloomington, Indiana, USA), and included 1 to 4 
fenestrations based on patient anatomy. Regarding branched 
endovascular repair, 31 (41.9%) of patients were treated with 
an “off-the-shelf” outer branched device (T-Branch Platform, 
COOK Medical, Bloomington, Indiana, USA) (Figure 1) and 4 
(5.4%) patients were treated with an “off-the-shelf” inner 
branched device (E-NSIDE Multibranch Stentgraft System, 
ARTIVION, 1655 Roberts, Kennesaw, USA). Additionally, eight 
(10.8%) patients were treated with a custom-made branched 
device, including six outer-branched and two inner branched 

Table 1. Patient Comorbidities 

Comorbidities CAD MI CABG PTCA HT HL Smoking 
(Ever)

Smoking 
(Active) COPD DM CKD

N/Total
(%)

40/74 
(54%)

14/74
(18.9%)

10/74
(13.5%)

13/74
(17.5%)

64/74
(86.4%)

63/68
(85.1%)

63/74
(85.1%)

23/74
(31%)

45/74
(60.8%)

7/74
(9.4%)

10/74
(13.5%)

Abbreviations: N; Number of patients, CAD; Coronary Artery Disease, MI; Myocardial Infarction, PTCA; Percutaneous Transluminal Coronary 
Angioplasty, HT; Hypertension, HL; Hyperlipidemia, COPD; Chronic Obstructive Pulmonary Disease, DM; Diabetes Mellitus, CKD; Chronic 
Kidney Disease

Figure 1. Outer branched device (T-BRANCH, COOK Platform)
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devices. Five custom-made devices (all outer-branched) were 
provided by COOK (COOK Medical, Bloomington, Indiana, 
USA), while three custom-made devices (two inner-branched, 
one outer-branched) were provided by ARTIVION (ARTIVION, 
1655 Roberts, Kennesaw, USA). A combination of a fenestrated 
and a custom-made branched device for the implementation 
of 5 target vessels (one ancillary right renal artery) was used 
in one case (Figure 2), as well as a custom-made 5-branced de-
vice was used (separate common hepatic and splenic artery) 
in a failed EVAR case (Figure 3). 

Target Vessels
A total of 272 target vessels (TVs) were incorporated during 
F/B-EVAR, including 68 (25%) right renal arteries (RRA), 72 
(26.4%) left renal arteries (LRA), 65 (23.9%) celiac arteries 
(CA) and 67 (24.6%) superior mesenteric arteries (SMA), for 
a mean 3.67 vessels/patient. Regarding bridging stentgrafts, 
219 BeGraft Peripheral balloon-expandable covered stent-
grafts (Bentley InnoMed GmbH, Hechigen, Germany), 48 
VBX balloon expandable covered stentgrafts (GORE Medical, 
W.L.Gore & Associates Inc., Flagstaff Arizona, USA), 1 Advanta 
balloon expandable covered stentgrafts (Getinge, Goteborg, 
Sweden), 2 VIABAHN self-expandable covered stentgrafts 
(GORE Medical, W.L.Gore & Associates Inc., Flagstaff Arizona, 
USA) and 2 Fluency balloon expandable covered stentgraft 
(BD Switzerland Eysins, Vaud. Switzerland) were deployed for 
target vessel implementation. Self-expanding or balloon-ex-
pandable bare metal stentgrafts were deployed for relining 
per surgeon preference in 22 target vessels. In total, there 
were two RRA and one LRA with preoperative occlusion either 
due to atherosclerotic disease or due to prior EVAR compli-
cations. Two patients had an ancillary RRA, one patient had 
an ancillary LRA and one patient had a separate orifice of the 
common hepatic and splenic artery. Additionally, two patients 
had ectopic RRA, while one patient had a prior revascularized 
LRA via the periscope technique. All the above-mentioned TV 
were successfully catheterized and stented. In four patients 
the celiac artery was left unstented for spinal cord condition-
ing to reduce the risk of spinal cord ischemia, as the patients 
were deemed high risk, and was subsequently stented in a 2nd 
stage operation, without spinal cord ischemia. In one case of 
F-EVAR, failure to stent the LRA via the femoral approach was 
treated in a 2nd stage operation with successful catheterization 
and stenting through upper extremity access. Type of bridging 
stentgraft per target vessel, as well as relining are shown on 
Table 2.

Table 2. Stengrafts deployed per each target vessel and relining

Number of Stentgrafts SMA CA RRA LRA Total
BeGraft 51 54 57 57 219
VBX 15 10 11 12 48
Advanta V12 - - - 1 1
Viabahn - - 1 1 2
Fluency 1 1 - - 2
Relining 5 3 3 11 22

Abbreviations: SMA; Superior Mesenteric Artery, CA; Celiac Artery, 
RRA; Right Renal Artery, LRA; Left Renal Artery

Primary & Secondary Outcomes
Primary technical success was 98.6% (73/74) as defined in the 
reporting standards for endovascular repair of aneurysms in-
volving the renal-mesenteric arteries.17 In one patient left re-
nal artery catheterization and stenting was not achieved dur-
ing the initial procedure, and a reintervention was resched-
uled, which was successful. No surgical conversion or mortal-
ity, type I or type III endoleak, branch occlusion, or graft limb 
obstruction was observed in all 74 patients.

Figure 2. Combination of a fenestrated and branched device with 5 
target vessel incorporation. (COOK Platform).

Figure 3. Custom-made 5-branched device in a failed-EVAR case. 
(COOK Platform)
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30-days outcomes - Mortality
Following F/B-EVAR, 30-day mortality was 8.1% (6/74). One 
patient with severe coronary artery disease and a type II TAAA 
died in the first postoperative day following cardiac arrest im-
mediately after B-EVAR and carotid-subclavian bypass. One 
patient died in the first postoperative day due to external il-
iac artery rupture and uncontrolled hemorrhage. One patient 
with history of mechanical mitral valve repair, priorly under 
treatment with acenocoumarol, died in the 7th postoperative 
day following massive cerebral hemorrhage. Two patients 
died following ICU admission due to multiorgan failure. Rea-
sons for ICU admission included one patient with pulmonary 
complications with COPD history and SCI following B-EVAR 
and one patient with aortoenteric fisula with primary bowel 
repair following B-EVAR. Finally, one patient died following 
COVID-19 related sepsis and pulmonary complications. 

30-day outcomes - Target Vessel Patency/Complications/Re-
interventions
Primary TV patency at 30-days was 99.2% (270/272), with cas-
es of left renal artery branch thrombosis, which were success-
fully revascularized. No cases of AKI or myocardial infarction 
were observed. One case of stroke (1.3%) (hemorrhagic) as 
mentioned before was observed. Three cases (4.1%) of spinal 
cord ischemia were observed, including one case of temporary 
paraparesis with ipsilateral motor and sensory loss (Grade 2) 
and two cases of permanent paraplegia with complete motor 
and sensory loss, as well as urinary and anal sphincter insuf-
ficiency (Grade 3c). In all cases, clinical image was correlated 
with spinal cord ischemia findings confirmed by spinal cord 
magnetic resolution imaging as well as neurologic and neuro-
surgical evaluation. Endoleak rate was 8.1% (6/74), with two 
type II, two type IIIa and two IIIc endoleaks. All type II and 
IIIc endoleaks self-resolved and did not lead to sac expansion, 
as confirmed by the postoperative 30-day CTA scan, and one 
case was treated with endograft relining, leading to complete 
resolve of the endoleak. Reintervention was required in a total 
of 4 cases (5.4%). In two cases, TV occlusion (both regarding 
a renal artery branch) due to stent thrombosis was treated 
with thrombus aspiration and relining, without postoperative 
AKI. One patient presented with lower limb malperfusion due 
to common femoral artery dissection at the 1st postoperative 
day, which was repaired via direct dissection flap suture fixa-
tion. Two patients developed ipsilateral lower limb reperfu-
sion syndrome due to extended device sheath placement in 
the common femoral artery, with one case requiring major 
lower limb transfemoral amputation due to inadvertent is-
chemia. 

DISCUSSION
Since their introduction over 20 years ago as treatment options 
for repair of complex aortic pathologies of the thoraco-ab-
dominal aorta, fenestrated and branched endovascular repair 
have been traditionally offered to patients deemed unfit for 
conventional open surgical repair.19,20 Guidelines recommend 
open surgical repair as the treatment modality of choice for 
complex aortic lesions in fit patients.3,4 However, data over the 

last decade highlight a shift towards endovascular strategies 
as the first-line treatment option.8,21 In this study, we report 
the early experience of a single tertiary center, treating pa-
tients with complex aortic aneurysm by endovascular means.

In this study, technical success was high (>98%), conform-
ing with international standards of high-volume centers. Re-
ports suggests primary technical success rates over 95%, even 
in exceptionally complex cases, including endovascular repair 
following previous “failed” EVAR as well as post-dissection 
aortic degeneration.

In the current analysis, we present an 8.2% 30-day mor-
tality rate, which falls within reported rates of perioperative 
mortality ranging between 2.6% and 8.6% of similar cohorts 
in the literature.22,23 Recent analyses on open conventional re-
pair of thoracoabdominal AAA report mortality rates as high 
as 14.7%. Excluding treatment of elective, intact TAAA, open 
surgical repair of TAAA in cases of emergency, including both 
symptomatic and ruptured cases, has been associated with 
mortality rates ranging from 30% to 50%.24,25 On the contrary, 
large patient cohorts from high volume centers suggest low 
perioperative mortality rates following complex endovascular 
aortic repair, with a 5-fold decrease in mortality when com-
pared to open repair.21,26

Target vessel (TV) revascularization has continued to be 
optimized since the first implementation of fenestrated and 
branched devices, focusing on lowering patency related com-
plications.12 High-volume centers reported target patency rates 
of over 98% during the 30-day postoperative period27,28, while 
data on 1-year patency rates range from 90% to 96.2%.29,30 Re-
nal arteries are associated with a higher risk of stent instability 
following implementation during F/B-EVAR.12. In our cohort, 
primary technical success for TV revascularization was 99.2%. 
Two cases of renal artery stent thrombosis were successfully 
revascularized, preventing end-organ failure. 

Besides endoleaks observed in standard EVAR for infrare-
nal AAA, target vessel related endoleaks have been reported 
in F/B-EVAR. Numerous factors, including target vessel tortu-
osity, number of bridging stentgrafts deployed, type of target 
vessel and relining have been associated with increased TV en-
doleak rates. Two cases of type IIIc endoleaks were observed 
in our cohort, both of which resolved spontaneously, con-
firmed by postoperative CTA scans during 30-day follow-up. 
Literature suggests that, especially in B-EVAR, such endoleaks 
(attachment aortic side-branch or side branch-side branch 
endoleaks) are benign and generally do not require reinter-
vention in the majority of cases.31 Especially intra-operative 
type IIIc endoleaks, as high doses of intravenous unfractioned 
heparin have been already administered to maintain an ACT 
value of >250 seconds. 

Major stroke, myocardial infarction, acute kidney injury 
and spinal cord ischemia all attribute to the perioperative mor-
bidity profile of TAAA repair. Considering the incorporation of 
renal arteries in complex endovascular repair, either by fenes-
trations or directional branches, as well as the use of intra-
venous contrast material during perioperatively, acute kidney 
injury is a common complication. Our experience, although 
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relatively confined, shows zero rates of perioperative AKI and 
no case of postoperative need for temporary or permanent 
dialysis. Older reports suggest AKI rates as high as 40%, while 
more recent studies suggest lower rates of both AKI (~14%) as 
well as postoperative need for permanent dialysis.22,32,33 Long-
term follow-up of patients is warranted as they are in high risk 
for chronic kidney disease, suggested by reports on decrease 
in renal function up to 35% in some series.34

Regarding major cerebral events, either ischemic or hem-
orrhagic, rates following F/B-EVAR are reported low, approx-
imately <1%.35 In our series, only one case of postoperative 
hemorrhagic stroke was reported (1.5%). Upper extremity 
access for branched or fenestrated endovascular repair has 
been associated with increased stroke rates, with recent anal-
yses do not support that right-sided upper access is always 
associated with higher cerebral event rate. In our case, the pa-
tient had undergone a carotid-subclavian bypass as a 1st stage 
repair for a type II TAAA and had a mechanical mitral valve 
replacement 5-years prior, two important risk factors.

Spinal cord ischemia presenting with either temporary 
or permanent paraparesis or paraplegia is another dreadful 
complication which ought to be expected in all patients un-
dergoing complex endovascular aortic repair. Reports in the 
literature indicate that paraparesis and paraplegia most fre-
quently occur during the first 24-hour period, with rates rang-
ing from 4% to 31% for total spinal cord ischemia. A number 
of factors has been associated with SCI, including preopera-
tive renal impairment, extended aortic coverage, operation 
times, clinical presentation of the aneurysm among other.11 
In our cohort, we consider a SCI rate of 4.1% considerable. 
In all three cases of both temporary and permanent SCI we 
identified known risk factors, as all the patients had under-
gone extensive aortic coverage, had lower preoperative glo-
merular filtration rate of <60mL/min/1.73m2, while two were 
symptomatic and one was a rupture case. Nevertheless, all 
departments performing either open or endovascular repair 
of complex aortic aneurysms should follow strict protocols in 
cases of SCI. Two staged procedures, mainly in elective cases, 
have been shown to induce spinal cord blood supply condi-
tioning. During the last year, we have opted for at least 5 cases 
of two-staged procedures, especially in cases with extensive 
aortic coverage, aiming towards the reduction of spinal cord 
ischemia risk. Reports suggest both lower rates as well as lim-
ited severity of neurologic deficits associated with spinal cord 
ischemia in patients undergoing two-staged procedures.36-38 In 
our department, two-staged procedures allowing for tempo-
rary aneurysm sac perfusion via one directional side-branch 
are selected in patients with anatomic criteria characterized 
as high-risk for SCI (“shaggy” aorta, large intercostal arteries, 
type II TAAA, occluded hypogastric arteries). 

Limitations
Our analysis is associated with a number of limitations, par-
tially confining the generated outcomes. Firstly, the retrospec-
tively analyzed data, regardless of the prospective nature of 
their collection, bears a certain degree of bias. Moreover, the 
relatively low number of cases and major adverse events lim-

it the objectiveness of the reported outcomes. Additionally, 
some important preoperative and operational parameters, 
including blood loss, need for blood product transfusion, and 
radiation exposure were not systematically recorded, while 
their analysis would provide further information regarding 
holistic patient evaluation and possible association with the 
reported outcomes. 

CONCLUSIONS
Complex aortic repair using fenestrated or branched devices 
is feasible and can be achieved with good perioperative out-
comes. Vascular centers performing complex endovascular 
aortic procedures should have specific preoperative, intraop-
erative, postoperative, as well as long-term follow-up proto-
cols, aiming towards the early diagnosis and reintervention in 
cases of complications.
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