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Amac: Torasik endovaskiiler aort anevrizmasi tamiri (TEVAR), gilinlimiizde dejeneratif anevrizmalar, sakkiiler
anevrizmalar ve akut torasik aortik sendromlarin tedavisinde oncelikli tercih edilmektedir. Bu ¢alismanin amaci son
3 yilda klinigimizde uygulanan TEVAR girisimlerinin erken ve orta donem sonuglarint degerlendirmektir.
Gerec ve Yontem: Otuz hastaya (25 erkek, 5 kadin) Ocak 2015- Aralik 2018 arasinda TEVAR islemi uygulandi.
Tiim hastalarda Valiant ™ Torasik Stent Greft Sistemi (Medtronic®) kullanildi.
Bulgular: Hastalarin yas ortalamasi 60,4+18 idi. Hastalarin %353,3"{inde dejeneratif anevrizma, %36,7'sinde akut
aortik sendrom, %10'unda aort koarktasyonu ve eslik eden poststenotik anevrizma mevcuttu. Hastalarin %63,3"
semptomatikti ve sirt veya gogiis agrist vardi. islemlerin teknik basaris1 %100 idi. Yogun bakim iinitesinde ortalama
kalis stiresi 1 + 2 giin, hastanede kalis siiresi ortalama 3,2 + 2 giindii. Hastane mortalitesi olmadi ve ilk 30 giinlik
donemde bir hasta tip 2 diseksiyon nedeniyle 61dii. Iki hastada tip II endoleak goriildii ve endoleak'ler kendiliginden
diizeldigi i¢in ikincil bir miidahaleye ihtiyacimiz olmadi. Subklaviyan arterin 3 hastada kapatilmasi gerekti. Bu
hastalarda inme veya sol iist ekstremitede iskemisi gelismedi. Yeterli hidrasyona ragmen, postoperatif erken
donemde 2 hastanin kreatinin diizeylerinde artis vardi ve izlemde normal degerlere geriledi. Ortalama takip stiresi 6
+ 9 aydi ve uzun vadede 2 mortalite vardi. Bir hasta akciger kanserinden 6ldii, ikincisi ise anevrizmal hastaliktan
bagimsiz olarak mezenterik iskemi nedeniyle 6ldii.
Sonu¢: TEVAR, torasik aort anevrizmalar1 veya akut aortik sendromlarin tedavisinde, anatomik olarak uygun
hastalarda ilk tedavi segenegidir. TEVAR, diisiik morbidite ve mortalite oranlariyla, giivenle uygulanabilir.
Anahtar Kelimeler: Aort anevrizmasi, disekan anevrizma, endovaskiiler tedavi

Abstract

Objective: Endovascular aneurysm repair in thoracic aorta (TEVAR) is now preferred primarily for the treatment of
degenerative aneurysms, saccular aneurysms and acute thoracic aortic syndromes. The aim of this study was to
evaluate the early and mid-term results of TEVAR procedures that performed in our clinic in the last 3 years.
Materials and Method: Thirty patients (25 males, 5 females) underwent TEVAR procedure between January 2015
and December 2018. Valiant ™ Thoracic Stent Graft System (Medtronic®) was used in all patients.

Results: The mean age of the patients was 60.4+18. Of the patients, 53.3% had degenerative aneurysm origin,
36.7% had acute thoracic aortic syndromes and 10% had aortic coarctation and concomitant post-stenotic aneurysm.
63.3% of the patients were symptomatic and had back or chest pain. Technical success of the procedures was 100%.
The mean duration of stay in the intensive care unit was 1 + 2 days and the mean hospital stay was 3.2 + 2 days.
There was no in-hospital mortality and one patient died of type 2 dissection in the first 30-day period. Two, type 1l
endoleak was seen in two patients and we did not need a secondary intervention as the endoleaks resolved
spontaneously. The subclavian artery was required to be closed in 3 patients. We did not observed stroke in those
patients and no ischemia developed in the left upper extremity. Despite adequate hydration, in the early
postoperative period, 2 patients had elevated creatinine levels and regressed to the normal values in the follow-up.
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The mean follow-up period was 6 = 9 months and there were 2 mortality in the long term. One patient died of lung
cancer and the second died of mesenteric ischemia independently from aneurysmal disease.

Conclusion: TEVAR is the first line therapeutic option in anatomically suitable patients for the treatment of
aneurysmal disease of thoracic aorta or acute thoracic aortic syndromes. TEVAR can be applied safely with low
morbidity and mortality. Nowadays, as sporting amateur or professional participation increases, the importance of
sportive performance and the factors affecting this performance increase. The genetic background in sports has a
great impact on the strength, endurance, muscle mass, muscle fibers and lung capacity. Sports genetics studies
include the whole range of studies in determining the genes affecting athletic performance, clarifying the
mechanisms of action and determining their susceptibility to athletic performance. Examples of genes that can be
associated with athletic performance include; can list genes such as myostatin, erythropoietin, growth hormone,
nitric oxide synthase, vascular endothelial growth factor, angiotensin converting enzyme, angiotensinogen,
monocarboxylate carrier 1, insulin-like growth factor-1, peroxisome proliferator active receptor, alpha-actinin-3.

The aim of this study is to investigate genes that are effective in sports science and sports performance.
Keywords: Aortic aneurysm, dissecting aneurysm, endovascular procedure

1. Introduction

Thoracic endovascular aortic repair (TEVAR) can be a
primary strategy for the treatment of a broad spectrum
of thoracic aortic diseases like degenerative aneurismal
disease, traumatic disorders and thoracic aortic
syndromes (aortic dissection, penetrating aortic ulcer
(PAU) and intramural hematoma (IMH)). TEVAR is
also the preferred therapy for anatomically feasible
adult aortic coarctation patients.

Surgical therapy of descending thoracic aorta mandates
a thoracotomy, single-lung ventilation, aortic cross-
clamping and it has a greater risk of cardiovascular
events, respiratory failure, organ malperfusion or
paraplegia. Operative mortality ranges between 8% and
20% for elective cases according to experience of the
center and rises to 50% for emergency operations.
Therefore, surgical therapy has a higher mortality and
morbidity compared to endovascular procedures [1,2].

The aim of this study was to evaluate the early and mid-
term results of TEVAR procedures performed in our
tertiary healthcare service with various etiologies, in the
last three years and compare it to the literature.

2. Materials and Methods

Thirty consecutive patient who underwent TEVAR in
our clinic between January 2015 and December 2018
were analyzed for the study. After approval of the local
ethical committee, the data collected retrospectively
from the hospital records. All the interventions were
performed by cardiovascular surgeons in a hybrid
operating room. Valiant ™ Thoracic Stent Graft System
with the Captivia delivery system (Medtronic®) was
used in all patients. The interventions are performed
under sedation and local anesthesia. The femoral artery
that the delivery system was introduced, exposed
surgically by a small incision and a 7 French sheath was
inserted in the contralateral femoral artery. Patients
came to the hospital for a routine visit in the second
week, first and third month after the operation and then,
after six months. The control computed tomography
angiography (CTA) was obtained at the first month and
6th month after the intervention.

The statistical analysis was performed with the SPSS
22.0 statistical software. Demographic data were
analyzed by using descriptive statistical methods and
were shown as mean =+ standard deviation and
frequency.

3. Results

Thirty patients enrolled to the study, 25 of them were
male (83.3%) and 5 of them were female (16.6%). The
mean age of the patients was 60.4+18.0 years (range 21-
85 years). Most of them were symptomatic (63.3%) and
back-pain was the primary symptom. Table 1
demonstrates the general characteristics of the patients.
Hypertension and chronic obstructive pulmonary
disease (COPD) were most commonly seen co
morbidities. Almost half of them were smokers. There
were 3 patients (10%) who had hereditary history of
aneurysmal disease.

Table 1. General characteristics of the patients
Characteristics

Mean age (year-old) 60.4+18

Gender (male/female) (n) 25 (833%) / 5
(16.6%)

Symptomatic patients (n) 19 (63.3%)

Hypertension (n) 18 (60%)

Diabetes (n) 2 (6.6%)

Hyperlipidemia (n) 5 (16.6%)

Coronary artery disease (CAD)8 (26.6%)
(n)

Chronic obstructive pulmonary11 (36.6%)
disease (COPD) (n)

Chronic kidney failure (n) 2 (6.6%)
Smoking 17(56.6%)
Hereditary history (n) 3 (10%)

CAD: Coronary artery disease, COPD: Chronic
obstructive pulmonary disease, n: patient number
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Most of the patients who underwent TEVAR procedure
had degenerative aneurysmal disease (53.3%). Acute
aortic syndromes (AAS) were the secondary reason for
endovascular therapy of the descending aorta (36.7%).
There were also 3 patients who treated by TEVAR for
adult aortic coarctation. Etiology of the endovascular
interventions for the descending aorta are shown in
Table 2. Technical success of the procedures was 100%.
Type Il endoleak was seen in two patients (6.6%). The
endoleaks resolved spontaneously within 2 months and
no secondary intervention was required.

Table 2. Etiology of the endovascular interventions for
the descending aorta.
Indications for TEVAR Patients (n)

Degenerative aneurysm 16 (53.3%)

Acute thoracic aortic syndromes 11 (36.7%)

Traumatic injury 6 (20%)
Type B aortic dissection 3 (10%)
Penetrated aortic ulcer 2 (6.7%)
Aortic coarctation and concomitant = 3 (10%)
poststenotic aneurysm
Total 30
TEVAR: Thoracic endovascular aneurysm

repair, n: number of the patient

We did not observe any myocardial infarction or an end
organ malperfusion like stroke, spinal cord ischemia and
paraplegia in the early postoperative period. Two
patient’s TEVAR coverage was exceeding 20 cm in
length and we used cerebrospinal fluid (CSF) drainage
system to reduce the risk of spinal cord injury. We
inserted the drainage system before the intervention, and
we monitored it for 48-72 hours. Two patients had fever
after the stent graft implantation that was thought to be
related to post implantation syndrome and the fever
controlled by paracetamol administration. The
subclavian artery was required to be closed in 3 patients
(10%) because of the inadequacy of the proximal neck
distance. (Figure 1) After the intervention, there was no
significant difference in arterial blood pressure between
the right and the left extremity and no ischemia was
developed in the left arm after the procedure. Also, we
did not observed stroke in those patients.

The mean duration of stay in the intensive care unit
(ICU) was 1 £+ 2 days and the mean hospital stay was
3.2 + 2 days. There was no in-hospital mortality. One
patient died of type 2 dissection in the first 30-day
period. In the early postoperative period (30 days), two
patients had elevated creatinine levels (> 2 mg/dl)

because of opaque related nephropathy and regressed to
the normal values in the follow-up with hydration. We
did not observe any major cardiovascular adverse event
(M, stroke), in the first 30-day period.

Figure 1. Computed tomography angiography view of
a patient with a saccular aneurysm at just below the
subclavian artery orifice. The left subclavian artery
entry had to be covered with the stent graft because of
inadequate proximal landing zone.

We performed TEVAR procedure in 3 patients for adult
aortic coarctation who were anatomically suitable for
the endovascular intervention. They were diagnosed by
cardiology department with severe uncontrolled
hypertension and they all had >20 mm Hg aortic
gradient at the level of coarctation segment and
concomitant post stenotic aneurysms. No complication
occurred related to the endovascular intervention in this
subgroup of patients too.

The mean follow-up period was 6 + 9 months. There
was no endoleak and no need for secondary intervention
in the follow-up. The mortality rate was 2 (6.6%) in the
long term, independent from the TEVAR procedure.
One patient died of lung cancer and the second died of
mesenteric ischemia and sepsis. The overall mortality
rate was 10 % (3 patients) after the TEVAR procedure.

4. Discussion

TEVAR procedures initially designed for the treatment
of aneurysmal disease of the aorta which has primarily
degenerative origin. Most of the thoracic aorta
aneurysms are asymptomatic and encountered
incidentally. The incidence seems to be increasing with
ageing. The thoracic aneurysms tend to enlarge and may
cause a life-threatening condition when the aneurysm is
ruptured. The overall incidence rate of TAA is about 10
per 100,000 person-years. The descending aorta is
involved in about 30% to 40% of these cases. The
prognosis of large untreated TAAs is poor, with a 3-year
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survival rate as low as 25%. Intervention is strongly
recommended for any symptomatic TAA or any TAA
that exceeds twice the diameter of a normal aorta or is 6
cm or larger [2,3].

Technical success of the TEVAR procure is ranged
from %95-99 [3,4]. High technical success of our study
group was related to delicate patient selection and
planning of the procedure and achieving optimal
environmental conditions in our hybrid operating room.
There was no vascular injury because we inserted the
delivery system under direct vision and controlled the
entry hole of the artery with a purse string suture from a
small incision. Perioperative mortality of open surgical
repair for thoracic aortic aneurysm ranges from 2.7% to
8% and increases up to 29% in traumatic descending
aortic rupture. In a meta-analysis of 17 studies which is
comparing elective open repair and TEVAR results,
TEVAR group had a lower mortality rate (5.5%
vs.16.5%) and neurological injury. TEVAR had a
reduced ICU and hospital stay. Endovascular stenting
had no impact on the major reintervention rate.[5] Our
early and mid-term morbidity and mortality rates and
postoperative complication rates are low and consistent
with the literature [3-8]. We did not need any major
reintervention in our study group.

Type B aortic dissection (TBAD) has an incidence
between 2.9 and 4.0 per 100,000 person-years [3].
Endovascular treatment is life saving in patients with
complicated TBAD; contained rupture and organ
malperfusion syndromes. Patients who present with
unstable TBAD manifesting renal or mesenteric
ischemia have an operative mortality rate of 50% and
88%, respectively. TEVAR is also recommended for
ongoing pain, and resistant hypertension [9]. IRAD
study which enrolled over 2000 patients from
multicenter reported an in-hospital mortality rate of
32% for surgically treated patients, 7% for those
managed with endovascular techniques, and 10% for
those managed with medical therapy alone [9,10].
Currently, stable patients with TBAD are managed
conservatively. However, there is a risk of rupture in the
long term because of the expansion of the false lumen.
Closing the entry tear with a stent graft, isolates the
false lumen from the aortic flow, enhances remodeling,
ensures that the true lumen remains patent and improves
the outcomes of TBAD in the long term [11]. The
INSTEAD trial showed that optimum medical therapy
with close surveillance has the similar rates of all cause
and aorta related survival rates and adverse events with
elective stent graft placement within two years.
However, TEVAR with optimal medical therapy group
showed a favorable aortic remodeling [11]. INSTEAD-
XL trial showed improved 5-year aorta specific survival
and delayed disease progression in TEVAR group [12].
ADSORB trial which was a prospective randomized
trial also showed benefits of TEVAR for false lumen
thrombosis and diameter of the aorta at 1-year results
[13]. A recent study compared uncomplicated acute type

B aortic dissections (UATBAD) with intractable pain or
refractory hypertension which are treated with TEVAR
or best medical therapy. The study showed that TEVAR
was safe but did not offer a better short term outcome
than the patients who are taking best medical therapy
[14]. In our study group there were 2 patients with
complicated acute type B dissection and one patient
with a chronic type B dissection who have
unthrombosed  false  lumen  with  progressive
enlargement of diameter.

According to IRAD study intramural hematoma (IMH)
accounts for 5-20% of the cases who are presenting with
acute aortic syndromes. Nearly 10% of them regress
with medical treatment, but 28-47% of them progress to
classical aortic dissection and carry 20-45% risk of
rupture.[10] In this study there was 2 patients with
penetrated aortic ulcer, both of them had applied to the
hospital with backpain.

In our series, a female patient who had aneurysmal
disease and presented with refractory backpain had a
retrograde dissection two weeks after her discharge
from the hospital. The patient treated by open surgery
and died of acute kidney failure in ICU. There is a
limited data about retrograde type A aortic dissection
(RTAD) that is a potentially lethal complication after
TEVAR [15-18]. A recent meta-analysis pooled
estimation for incidence of RTAD was 2.5% and for
mortality was 37.1%. Incidence of RTAD is
significantly more frequent in patients treated for
dissection than those with an aneurysm and when the
proximal bare stent was used [16].

Blunt traumatic thoracic aortic injury has a high
mortality rate and is the second most common cause of
death in trauma patients after intracranial
hemorrhage.[19] In the past studies, traumatic thoracic
aortic transections which were treated by surgical
therapy was associated high mortality (nearly 28%) and
paraplegia (16%) rate [19,20]. Nowadays, TEVAR is
increasingly preferred for the treatment of traumatic
thoracic injuries. In a polytrauma patient, early
stabilization of the aortic pathology is of the utmost
importance. TEVAR may be a rapid and an optimal
solution for hemodynamic stabilization of the patient.
Thereby, the physicians can avoid further blood loss
with thoracotomy incision, cardiopulmonary bypass and
heparinization side effects especially in patients with
head and abdominal solid organ injuries. Timing of the
endovascular intervention, size and configuration of the
aortic landing zones, frequent need to cover subclavian
artery makes the intervention more complicated.
Limited number of meta-analysis and the clinical
practice guideline of Society for Vascular Surgery
(SVS) which is related to endovascular repair of
traumatic aortic injury indicated that the mortality rates
was significantly lower in patients who underwent
endovascular repair, followed by open repair and then
nonoperative management  (9%,19% and 46%,
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respectively). While the stroke risk was similar among
the groups, the risk of spinal cord ischemia and end
stage renal disease was higher in surgical therapy group,
compared with endovascular repair and non operative
management. There was a trend toward increased risk of
a secondary procedure in endovascular treatment group
compared with open repair group in the long term
[19,21]. SVS consensus guideline suggest urgent
(within 24 hours) repair for grade I, 11l and IV injuries
because of the risk of rupture or aortic repair
immediately after other injuries have been treated but
the Eastern Association for the Surgery of Trauma
Management guidelines which was published in 2015
recommended delayed repair and maintaining effective
blood pressure control [22]. The SVS committee
suggested lower dose heparinization than standard
TEVAR intervention with a low quality of evidence and
a case selective left subclavian artery revascularization
(LSA) and doesn’t recommend routine CSF drainage.
Trauma patients are usually young, and the diameter of
the aorta is relatively smaller than degenerative
aneurysms. Excessive oversizing may lead endoleak,
device infolding, endograft collapse, death from acute
aortic occlusion or a rupture. There is no consensus
regarding optimal oversizing. Some of the physicians
prefer no oversizing while some of them prefer 5%-10%
oversizing [19,21]. An individual based decision and
also recommendations of the device manufacturer is
important. In our center we usually choose no
oversizing the endograft in trauma patients.

LSA orifice may be closed if there is not adequate
proximal landing zone, but a careful follow-up of blood
pressure difference and ischemia is needed. Several
studies suggest that if the LSA origin is closed in
TEVAR procedures, the intervention should be
proceeded by prophylactic revascularization to diminish
the risk of stroke and upper extremity ischemia [23,24].
Carotid subclavian bypass or subclavian -carotid
transposition can be preferred for revascularization of
LSA. Coverage of the LSA may lead to a greater risk of
posterior cerebral artery territory stroke due to cessation
of the left vertebral artery flow. Patterson et al. and
Waterford et al. underlined that the revascularization of
LSA may lower especially the rate of posterior stroke.
The requirement for extensive aortic coverage and a
history of previous cerebrovascular disease was
predictive for stroke [25,26]. Also, a recent meta-
analysis including 1161 patients reported similar risk of
stroke and mortality between LSA revascularized
patients and non-revascularized patient groups who
underwent TEVAR with LSA coverage. The researchers
emphasized that further randomized clinical trials is
needed to elucidate the exact role of LSA
revascularization before the routine use of the technique
[27]. LSA revascularization before TEVAR, compared
with  post-TEVAR revascularization, had lower
perioperative cardiopulmonary complications. In high-
risk patients, endovascular LSA revascularization may
be recommended over open surgery [28]. In our study
the LSA was closed in 3 patients without

revascularization, none of them developed cerebral or
left upper extremity ischemia in the long term.

Coarctation of the aorta (CoA) is a common congenital
heart defect. TEVAR procedures can be an effective and
safe option for the treatment of adult aortic coarctation
patients who are anatomically suitable. Three patients
with CoA in our study group were diagnosed with
severe uncontrolled hypertension. They all had >20 mm
Hg aortic gradient at the level of coarctation segment
and concomitant post stenotic aneurysms. A satisfactory
aortic gradient fall was ensured with endovascular
therapy without any complication in all the patients.

The major limitation of the study is small number of the
groups and the follow-up time is relatively shorter than
those of the large volumed centers.

5. Conclusions

TEVAR is the first line therapeutic option for the
treatment of aneurysmal disease of descending aorta or
acute thoracic aortic syndromes. In anatomically
suitable patients to TEVAR, good results can be
achieved with careful preprocedural planning. TEVAR
can be applied safely for various aortic pathology with
low morbidity and mortality. Surgical therapy is still a
complementary treatment modality for the complex
aortic pathologies but, it seems that the indications for
endovascular therapy will be broadened in the future.
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