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Thoracic endovascular aneurysm repair
in patients with connective tissue disorders

The contemporary data regarding the role of the thoracic endovascular aneurysm repair (TEVAR) in patients with
connective tissue disorders (CTD) are reviewed. We performed search of the data in electronic databases PubMed,
SCOPUS, Embase, Google Scholar OVID, related to the use of TEVAR. Currently, there is a limited amount of large
cohort size studies outlining the use of TEVAR in patients with CTD. Endovascular prosthetics of the thoracic aorta
in patients with accidents is dangerous because of the progressive dilatation of the aorta and the high probability
of further re-interventions in later life. The analysis showed that open reconstruction still remains a gold standard of
intervention in young patients with progressive CTDs, especially in acute type of aortic dissection. However, long-term

data need to be published to support this practice.
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onnective tissue is a supporting structural

material found throughout the body. It consists
of proteins such as collagen and elastin, providing
extracellular binding and support in various tissues
and organs [66]. Hereditary genetic abnormalities
may lead to the connective tissue disorders (CTDs),
tissue degeneration and loss of structural integrity
[15].

More than 50 connective tissue diseases are
known. The most common CTDs associated with
aortic disease are Marfan syndrome (MFS), vascular
Ehlers — Danlos syndrome (EDS), and Loeys —Dietz
syndrome (LDS) [51]. Aortic disease is the most
prevalent cause of high morbidity and mortality in
this patient population, and surgical repair is one
of the main treatment options available [13]. Aorta,
being exposed to a high pressure because of constant
blood flow, becomes weakened; therefore, it is at
increased risk of developing aneurysm, rupture, and

dissection [14]. According to the existing guidelines,
open surgical aortic prosthetics is a gold standard
of treatment in this cohort of patients. However,
most patients with CTD may require several aortic
surgeries during their lifetime. Recent studies have
shown that endovascular aortic prosthesis has a
lower success rate in patients with CTD, and there-
fore it is not a method of choice in this population.

This article aims to review the current literature
data to determine the role of endovascular thoracic
aortic prosthetics in patients with CTDs. A com-
prehensive literature search has been conducted in
the main electronic databases (PubMed, SCOPUS,
Embase and Google Scholar) to identify articles dis-
cussing use of the thoracic endovascular aneuryam
repair (TEVAR) in patients with CTDs. Three main
diseases affecting aorta are Marfan syndrome, vas-
cular Ehlers — Danlos syndrome and Loeys — Dietz
syndrome.
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Marfan syndrome

MFS occurs in approximately 2-3 cases in 10,000
people [46] and is diagnosed according to a set of
clinical data known as the revised Ghent criteria
[61]. The disease is caused by an autosomal domi-
nant mutation in the fibrillin-1 gene (FBN1). The
FBN1 gene is located on chromosome 15g21.1 and
is responsible for the production of proteins that
form the extracellular matrix involved in the attach-
ment of smooth muscle to collagen and elastin fib-
ers [14, 46], increasing structural integrity of the
aortic walls (Fig. 4). Transforming growth factor-p
(TGFB) becomes overactive in the presence of
the defective FBN1 gene and causes inflammation
and aortic fibrosis. This results in weakness of the
aortic wall, leading to the expansion and formation
of aneurysms, appearing in approximately 80 %
patients with MFS [46]. The aortic ring, root, and
ascending aorta are the sites most often affected by
progressive weakening [68] (Fig. 7).

Valsalva sinus dilatation starts already in utero
[4]. As the patient grows, increasing the size of the
aorta increases the likelihood of rupture [48]. Adults
with aortic root diameter > 45 mm are advised to
consider surgery. A fixed diameter requiring sur-
gery in children has not been established. However,
growth by more than 1 ¢cm per year, problems with
valve insufficiency and Z-index > 2-3 in the diam-
eter of the aortic root are considered as unfavorable
prognostic factors [66].

| A4
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Descending

? aorta
.

Aortic root
aneurysm

Fig. 1. A three-dimensional computed tomography
of aorta showing aortic root aneurysm in a patient
with Marfan syndrome [50]

The average life expectancy of patients with
MES is about 60 years [22]. Figures 1 and 2 show
examples of aneurysms and descending thoracic dis-
section, and Figures 3 and 4 show aortic tissue histo-
logy in Marfan patients [2, 3, 56, 60].

Fig. 2. Aortic imaging of a patient with Marfan syndrome showing dilatation of the thoracic aorta [38]
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Fig. 3. Histology and separation of aortic tissue for proteomic analysis. Van Gieson elastic stain of aorta from
representative control (A through C) and aneurysmal aorta from Marfan syndrome (MFS) patients (D through F)
and bicuspid aortic valve patients (G through 1) are shown. Aorta from MFS patients presents fragmentation
of elastic fibers and thickened aortic wall (magnification x 4). Intima with media (A, D, and G), separated media

(B, E, and H), and media with adventitia (C, F, and I) are shown [42]

Fig. 4. Marfan aortic tissue showing cystic medial necrosis with (A) smooth muscle fragmentation and more collagen
deposition, Masson "200; and (B) proliferation and disruption of the intima (blue), and smooth muscle cell
fragmentation (yellow) and collagen deposition (red) in the media. VG-Victoria blue bichrome staining 100 [71]
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Ehlers - Danlos syndrome

EDS refers to a range of genetic disorders affect-
ing collagen production; therefore, it results in joint
and skin defects, as well as tissue fragility [13].
There are seven main classifications of EDS, with
vascular EDS type IV [3] being most commonly
related to cardiovascular complications. In vascular
EDS, there is a mutation in the COL3A1 gene which
encodes type III procollagen [34, 62]. Type III
procollagen makes up the highest proportion of col-
lagen in the aortic wall; therefore, its defect results
in severe aortic wall fragility and increased risk of
rupture [34, 54]. Vascular EDS usually affects the
descending or abdominal aorta [57], and the risk of
rupture, unlike MFS, can occur with any diameter
[57]. A high incidence of vessel rupture reduces the
life expectancy of vascular EDS patients to about 48
years, as opposed to 60 years in MFS patients [57].

Loeys - Dietz syndrome

LDS is caused by a heterozygous mutation in
the TGFBR1 and TGFBR2 genes, which encode
TGFB receptors I and 11, respectively. The mutation
triggers an increase in collagen production, while
reducing the production of elastin and disrupting

the assembly of elastin fibers. LDS is categorized
into two main groups, namely, type 1 and type 2.
Both conditions can cause vascular diseases in the
form of aortic aneurysm, arterial tortuosity, and
aortic dissection [34, 54]. Unlike MFS, in LDS, the
aortic root is prone to rupture and dissection during
childhood and at even smaller diameters. Aneurysms
occur less frequently in LDS; at a rate of 9 % [1].
However, the aorta is prone to the increased growth
rate and can sometimes be as twice as its normal size
in the thoracic region [31]. Close monitoring as well
as early surgical intervention are advised to pre-
vent catastrophic outcomes. However, the mean life
expectancy for LDS patients remains low, at about
37 years, although sporadic cases have been reported
to live as late as 70 years of age [37, 45].

Diagnosis of the aortic aneurysm

Most patients with thoracic aortic aneurysms are
asymptomatic at the time of diagnosis, because aneu-
rysms are typically discovered incidentally on imaging
studies (chest X-ray, CT scan, or echocardiogram)
ordered for other indications (Fig. 5).

A true aortic aneurysm is defined as a localized
dilatation involving all three layers of the aorta.
The diameter should be at least 1.5 times that

Fig. 5. Contrast-enhanced CT scan demonstrating a 7.5 x 8.3 cm ascending thoracic aortic aneurysm. A - indicates

ascending; D - descending
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Fig. 6. A - standard axial image from a contrast-enhanced CT scan showing what appears to be an oval-shaped
descending thoracic aortic aneurysm, appearing to measure as much as 8.0 x 5.2 cm in diameter (arrows).

B - three-dimensional reconstruction in a left anterior oblique view of same CT scan demonstrating that the
descending aorta is tortuous and was consequently cut off-axis (dotted arrow) on axial CT image. The true maximal
diameter of this aortic segment was only 5.6 cm (solid arrow)

of the normal diameter to be considered as true
aneurysm. Thoracic aortic aneurysm (TAA) may
occur in the aortic root/ascending aorta (60 %),
aortic arch (40 %), and the descending aorta
including the thoracoabdominal aorta (10 %) [7].
The normal aortic diameter varies with age, gen-
der, as well as ranges in population. E.g., a dia-
meter > 4.5 c¢cm is considered aneurysmal in the
United States of America, whereas a diameter
> 4 c¢m is defined as aneurysmal in South Korea,
> 4.2 cm — in Ukraine [20].

TAAs are associated with CTD and can lead to
aortic incompetence, rupture, and acute dissection.
This is the leading cause of premature death in
patients with MFS. The pathological hallmark of
aneurysmal disease in CTD is cystic medial necrosis,
which results from degenerative disruption of colla-
gen, elastin, or smooth muscle, leading to weakening
of the arterial wall [35].

Early diagnosis and treatment before the devel-
opment of life-threatening complications is a key to
managing TAAs. Useful imaging modalities include
chest X-rays, transthoracic and transoesophageal
echocardiography, multidetector computed tomog-
raphy (CT) of aorta, and magnetic resonance (MR)
angiography (Fig. 5). Clinically, contrast-enhanced
CT of aorta is a standard imaging technique to diag-
nose aortic pathology with sensitivity up to 100 %
and specificity up to 99 % [28].

A better understanding of genetics and inherit-
ance patterns has allowed to improve screening for
aortic disease. Consensus guidelines were developed

in 2010 by the American College of Cardiology and
the American Heart Association; the key recommen-
dations include [16]:

* First-degree relatives of patients with aortic
dissection or TAAs should be screened with aortic
imaging to identify asymptomatic disease.

* MFS patients should have an immediate
echocardiogram to assess the aorta and followed up
in six months to check for enlargement.

 Patients with LDS should have complete aor-
tic imaging immediately and six months later to
check for enlargement and annual MR imaging from
cerebrovascular circulation to the pelvis.

Once a diagnosis of TAA is established in a
patient with underlying connective tissue disease,
the primary treatment option is open surgical repair.
Another important aspect in the management of
patients developing aortic pathology is hypertensive
control. Hypertension increases risk and accelerates
the rate that pathology develops, therefore antihy-
pertensive therapy is important in the management
of aortic aneurysms [59].

The European Association of Cardiothoracic
Surgery (EACTS), the European Association of
Cardiologists and the European Association of
Percutaneous Coronary Intervention in 2012 didn’t
recommend endovascular treatment in this group
of patients. They emphasized that TEVAR is not
recommended for patients with connective tissue
disease unless the technique is considered as a rescue
procedure or bridge before final open surgery or as
a procedure after preoperative aortic surgery when
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both landing areas lie within previously placed syn-
thetic grafts [69].

The risk of intervention should be considered
while deciding upon the treatment of TAA. That is
why it must be balanced with the risk of rupture or
dissection. Patients with a 6 cm aneurysm have a
risk of annual rupture or dissection of 6.9 % and a
mortality risk of 11.8 %. Risks increase significantly
with aneurysms > 6 cm [69]. Current guidelines
address the following factors [43] when considering
an intervention:

 Aortic dilatation > 5 cm in patients with MFS,
which is a lower threshold compared to the general
population (> 5.5 cm) (IC level). Patients with a
family history of acute exfoliation, severe aortic
or mitral regurgitation, and a rate of increase of
3 mm / year have a lower surgical threshold, still
with a diameter > 4.5 cm (11C level) (Fig. 7).

* Women with MFS contemplating pregnancy
may undergo aortic root and ascending aorta
replacement at a diameter of 4 cm as per American
and Asian guidelines (level IIC), while European
guidelines recommend a diameter > 4.5 cm.

In patients with LDS, an aortic diameter > 4 cm
for the aortic root, > 5 c¢m for the descending tho-
racic aorta, and rate of increase > 0.5 cm/year are
considered an indication for surgery, regardless of
location [16].

Aortic root

TEVAR compared to the open repair

Today, among the leading specialists, open sur-
gery is preferred for the restoration of thoracic
aneurysms in patients with connective tissue dis-
eases [23]. In such patients, the aortic wall is par-
ticularly fragile, and the radial force arising from
stent graft placement may increase the circumfer-
ential load. Long-term radial force is a prerequisite
for adequate fixation and sealing during stent graft
deployment.

Nowadays, there are limited studies confirm-
ing the appropriateness of TEVAR in patients with
FTA. A total of 81 % of the procedures were techni-
cally successful, with the stent transplant landed
proximally. The rate of immediate complications is
usually low: 1.9 % risk of death, 1.9 % risk of stroke,
< 2 % risk of spinal ischemia, and 3.7 % risk of open
surgery. However, long-term results have not yet
been fully reported and need further evaluation with
an appropriate follow-up period [36].

The re-intervention rate due to primary and
secondary endoleaks is high and retrograde dissec-
tion can occur in patients undergoing TEVAR. The
incidence of stent graft-induced re-entry tears is also
significantly high, with 33 % reported in Marfan
patients compared to 3 % in the general population
and a mortality of nearly 30 % [26].

Ascending
aorta

Fig. 7. A transthoracic echocardiogram, in a parasternal long-axis view, demonstrating a dilated aortic root (4.4 cm)
and ascending aorta (4.2 cm). Whereas the aortic root is well visualized, the ascending aorta is less so, as is often
the case with transthoracic imaging. RV - indicates right ventricle; LV - left ventricle; LA - left atrium
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Endovascular repair is also not recommended for
vascular EDS. In this cohort, even invasive angio-
graphy, unless absolute necessary, is to be avoided
due to the high risk of vessel rupture, with one study
showing a 67 % complication rate and 12 % morta-
lity rate for digital subtraction angiography [9].

Future of the open repair

There have been no large studies directly com-
paring open surgical repair and endovascular repair
in CTD patients. However, open surgery for aneu-
rysm repair is a well-established technique with a
low complication rate as it has a 100 % technical
success rate. The perioperative mortality has been
shown to range from 0 to 11.5 %, with an overall sur-
vival rate of 53-96 % [67]. The morbidity includes a
risk of up to 6.5 % for paraplegia, risk of up to 13 %
for permanent renal failure, and risk of up to 11 % for
re-exploration for bleeding [4].

The complication rate in open surgery can be
reduced by using extracorporeal partial left heart
bypass, intraoperative cold renal perfusion, and cer-
ebrospinal fluid drainage. It is also important to use
branched grafts rather than visceral patches. In one
review, visceral patches were used in 107 patients
including 17 CTD patients [33, 41]. Visceral patch
aneurysm expansion occurred in eight patients,
among them three had CTD, which is a predisposing
factor to patch aneurysm formation. The morbidity
rate for open repair of patch aneurysm is 20—-30 %,
which is high compared to the primary operation
and endovascular repair [10].

Endovascular surgery has a technical success
rate ranging from 38 % to 100 % with a primary
treatment failure rate of up to 44 %. Treatment
failure may occur due to type I or type II endoleak,
retrograde dissection, and ongoing dilatation of the
false lumen in chronic dissection. The aorta distal
to the stent graft fails and patients may develop
recurrent aneurysms and acute dissections. The
mortality rate ranges from 0 to 25 % with an overall
survival of 75 to 100 %, which is comparable to open
surgery, although only few studies have been done
on small cohorts [39, 63]. This is encouraging as it
shows endovascular therapy may safely be done in
the short term, although concerns exist regarding
longer-term outcomes and effectiveness. The perio-
perative morbidity includes a risk of paraplegia up
to 3.3 %, risk of permanent renal failure up to 6.7 %,
and risk of re-exploration for bleeding in up to 14 %
of patients [41].

In view of the lower morbidity, endovascular
therapy is possibly an option in patients who have

an especially high risk of open surgery, such as
elderly patients with multiple comorbidities [12].
However, patients with connective tissue diseases
do not fall into this category as they tend to be
younger and otherwise healthier. As it is a simpler
and quicker technique, TEVAR is also recommend-
ed in emergency situations, such as aortic rupture,
where it can be life-saving [12]. Endovascular
repair is especially useful when the proximal and
distal landing zones exist and is recommended in
such situations (e.g., focal intercostal patch aneu-
rysm, as part of the frozen elephant trunk proce-
dure or hybrid procedures where a synthetic graft
has been inserted previously via open surgery). The
complication rate from endovascular therapy can
be reduced further by using ultrasound guidance to
obtain vascular access.

TEVAR does have a limited role in the manage-
ment and treatment of aortic disease in patients
with CTD, however due to the tissue and vascula-
ture of these patients causing technical difficulties,
open surgical repair is still a preferred treatment
option. TEVAR also does not have better outcomes
than open surgical repair, which still means open
repair is the preferred treatment option. TEVAR
may be the preferred treatment in selective patient
groups who are at high risk of mortality or increased
morbidity from open surgery; with further advances
and improving outcomes over time, TEVAR could
offer an alternative to open surgery in patients with
multiple comorbidities.

In the period from 2008 to 2022, 42 patients
with descending aortic aneurysm underwent
TEVAR surgery at the Heart Institute. Among
them, no patients with FTA were identified by
genetic testing, however, phenotypically 6 of the
patients had signs of connective tissue disease.
They all received endovascular aortic prosthetics.
In the remote period (after 6 months), there were
no cases of reimplantation. These data may suggest
that this technique should be considered for this
cohort of patients, but the selection of patients
should be personalized.

Conclusion

Open repair remains a gold standard method
of intervention in young patients with progressive
CTD, especially in the setting of acute type A aor-
tic dissection. However, TEVAR can be sought as a
reliable alternative in emergency setting of diseases
involving the descending thoracic aorta; yet the
long-term data needs to be published to support
such practice.
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T 1Y «IHcTUTyT cepua MO3 YkpaiHny», Kuis
2 HaujioHanbHWI YHIBEPCUMTET OXOPOHM 340p0B’a YKpainu imeHi M.J1. Wynuka, Kuis
3 1Y «HauioHanbHWUM iIHCTUTYT Xipyprii Ta TpaHcnnaHTonorii imeHi 0.0. Wanimosa HAMH YkpaiHu», Kuie

EHpoBackynsipHe npoTe3yBaHHS rpyAHOro BigAiny aoptu
B MaL€HTIB i3 3aXBOPIOBaHHAMMW CMONYYHOT TKAHUHU

Y cTaTTi NpoaHanizoBaHO CyvacHi HayKoBi MOrNsAM Ha BU3HAYeHHS poJli eHA0BACKYNSPHOIO NpoTe3yBaHHS rpya-
Horo Bigainy aoptn (TEVAR) y cyyacHUX HayKoBMX Nybsikauisx y NauieHTIB i3 3aXBOPIOBAHHAMM CMONYYHOI TKAHWUHMU
(3CT). BukopucTaHo 3arafibHUM MOLLYK CTaTUCTUKK B eNeKTPOHHUX 6a3ax gaHux: PubMed, SCOPUS, Embase, Google
Scholar OVID, a Takox niagTBEpPAXEHO pe3ynbTaTaMy BRacHUX criocTepexeHb BukopuctaHHs TEVAR y HeBignoBigHi
rogVHW HapjaHHs MeguyHoT gornomoru. PesynstaTu JocnigXeHb NpoaHanisoBaHo B ornsgosomy ¢dopmarti. Pons TEVAR
OLiHEHO BiAMOBIAHO 0 KOXHOro fgocigkeHHs. Hapasi icHye obMexeHa KinbKicTb BEIMKUX KOFOPTHUX JOUTiAXEHb, AKi
onucytoTb BUKopuctaHHa TEVAR y nauieHTiB i3 3CT. [poTe3yBaHHSA rpyAHOro BifAiny aopTy eHAOoBacKyspHUM npoTe-
30M y nauieHTiB i3 3CT Hebe3neyHe gunaTaLi€to aopTu, aka NPOrpecye, Ta BUCOKOIO MMOBIPHICTIO MoJasbLnX MOBTOP-
HUX BTPYyYaHb y CTaplioMy BiLi. BcTaHOBNEHO, WO BiAKpUTa PEKOHCTPYKLISA AOCI 3aNMLWAETHCS 3010TUM CTaHAAPTOM
BTPYYaHHS B MONOAUX NauieHTiB i3 3CT, ski nporpecytoTb, 0cOONMBO Npu rocTpoMy TUMi po3lapyBaHHS aopTu. OgHak
IANa NigTBepAXeHHs Li€l NpakTUKM HeobXxigHO onybnikyBaTn LOBroCcTPOKOBI AaHi.

Krnio4oBi cnoBa: aopta, rpyaHa Knitka, Avnatauis, aHeBpM3Ma, po3LlapyBaHHs, 3aXBOPIOBAHHSA aopTU, eHA0-
BacKynspHi npoueaypu.




