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Abstract. - Chronic and acute diseases of
the thoracic aorta, including aortic dissection
and aortic aneurysm are attracting increasing at-
tention both in the light of an ageing Western
and Oriental population and with the prolifera-
tion of modern diagnostic imaging modalities.
While classical surgical strategies still dominate
the care for acute and chronic pathology of the
ascending aorta and the proximal arch region,
new endovascular concepts are emerging and
are likely to evolve as primary treatment strate-
gies for descending aortic pathology in suitable
patients constituting the majority of cases. Addi-
tionally, aortic arch pathologies are becoming
the target of hybrid approaches combining sur-
gical head-vessel debranching and intervention-
al stent-graft implantation in the attempt to im-
prove outcome by avoiding the high risk of open
arch repair or complete replacement. Nonethe-
less, due to the complexity of the underlying
vascular disease, every patient should be dis-
cussed in a team consisting of cardiologists,
cardiac surgeons, anaesthesiologists and radiol-
ogists and an individualized therapeutic strategy
should be carried out in a center with experience
in both endovascular and surgical procedures.
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Introduction

The pathophysiologic processes underlying
the development of thoracic aortic disease are
complex and until yet not fully understood. Sur-
gical resection and interposition of vascular pros-
theses have long been considered the standard
treatment in most instances, despite a substantial
risk of severe complications from surgical
trauma'=. Regardless of great strides in the past
decades to improve surgical techniques and intra-
operative management, both perioperative mor-
tality and morbidity remain high. As a conse-

quence of demographic changes in the Western
and Oriental world, the afflicted population is of
increasing age and associated with a variety of
comorbidities portending an inherent risk and ex-
plaining in part the sobering surgical outcomes.
As a revolutionary alternative, the concept of an
endoluminal stent-graft prosthesis for patients
with thoracic aortic disease emerged more than
two decades ago in order to avoid risks of open
surgery using the interventional approach and to
induce reconstructive remodeling of the diseased
aorta by initiating a natural healing process
through exclusion and depressurization of the
aneurismal process*S. Although initial reports on
the endovascular stent-graft strategy were en-
couraging in various pathologies (e.g. degenera-
tive aneurysm, mycotic aneurysm, traumatic in-
juries, aortic dissections and penetrating aortic
ulcers [PAU]), randomized data are scarce, and
the smoldering critique has never been fully ex-
tinguished with respect to the lack of long-term
surveillance’!°. This review described current in-
dications, techniques and advancing fields of en-
dovascular strategies in the thoracic aorta.

Classification

The most common thoracic aortic pathologies
are aortic dissection and aortic aneurysm. Never-
theless, aortic dissection is a relative rare condi-
tion in the clinical arena, with an estimated inci-
dence of approximately 2.6 to 4 cases per 100.000
person/year'"3. Around 0.5% of patients present-
ing to an emergency department with chest or
back pain suffer from aortic dissection'. Aortic
dissection diagnosed within 2 weeks of the onset
of symptoms e.g. during the early phase of the dis-
ease associated with high mortality, is considered
an acute dissection. Patients who survive 2 weeks
without treatment are considered subacute, and
eventually chronic after eight weeks constituting
about one third of patients with aortic dissection.
Aortic dissection is also classified according to

Corresponding Author: Ibrahim Akin, MD; e-mail: ibrahim.akin@umm.de



Interventional treatment strategies of thoracic aortic pathologies

anatomic location described by either the Stanford
and the DeBakey classification (Figure 1). The
fundamental distinction is whether the dissection
is proximal (involving the aortic root or ascending
aorta) or distal (beyond the left subclavian artery).
Untreated proximal aortic dissection is character-
ized by mortality rate of more than 1% per hour
initially; if left untreated death may occur from
rupture, tamponade, heart failure from acute aortic
regurgitation or from major coronary closure!!"!3,
The natural history of type B aortic dissection is
significantly better with a 30-day mortality rate of
about 10%'"3. Conversely, little is known about

the true incidence and mortality rate of thoracic
aortic aneurisms (TAA). Accordingly, a popula-
tion-based study reported an age- and gender-ad-
justed incidence of 5.9 new aneurysms per
100,000 person-year in a Midwestern community
over a 30-year period with median ages of 65
years for men and 77 years for women and a dis-
tribution to the ascending aorta in 51%, to the arch
in 11%, and to the descending thoracic aorta in
38%". Aneurysms distal to the origin of the left
subclavian artery are classified according to the
Crawford et al classification (type I to type 1V),
recently adapted by Safi (type V)'¢ (Figure 2).
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Figure 1. Classification of thoracic aortic dissection.
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Figure 2. Classification of thoracic aortic aneurysms.

Indications for Endovascular
Stent-Graft Therapy

The most effective method for excluding and
enlarging an aneurysmal false lumen after dissec-
tion is the sealing of proximal entry tears with a
customized stent-graft. The closure of a distal re-
entry tear is desirable but not necessary for opti-
mal results'>!*!7. Depressurization and shrinking
of the false lumen is the most favorable outcome
that can be expected, ideally followed by com-
plete thrombosis of the false lumen and remodel-
ing of the entire dissected aorta'® (Figure 3). The
role of percutaneous fenestration in the manage-
ment of aortic dissection is not fully understood
but should be most likely avoided due to un-
proven benefits and definite risk. Beside clinical
criteria, there are also technical and anatomical
criteria to be evaluated prior to defining the treat-
ment strategy by an aortic team. Similar to previ-
ously accepted indications for surgical interven-
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Figure 3. Concept of interventional reconstruction of the
dissected aorta with sealing of the proximal entries, depres-
surization of the false lumen and initiation of false lumen
thrombosis.

tion scenarios such as intractable pain with de-
scending dissection, rapidly expanding false lu-
men diameter, extra-aortic blood collection as a
sign of imminent rupture or distal malperfusion
syndrome are accepted indications for emergency
stent-graft placement!!'"!3 (Table I). Moreover,
late onset of complications such as malperfusion
of vital aortic side branches may justify endovas-
cular stent-grafting as a first option.

Standard Case

Anatomical Measurements for
Thoracic Aortic Pathology

Important descriptive features of the thoracic
aorta are derived from multislice computed to-
mography (CT) including the shape and size of
the aortic pathology (diameter, length and shape),
and the condition of the aortic wall (atheroma,
calcification, thrombus) as well as a three-dimen-

Table I. Current indications for endovascular treatment of
thoracic aortic disease.

Disease etiology
Aortic aneurysms
Atherosclerotic/degenerative
Posttraumatic
Mycotic
Anastomotic
Cystic medial necrosis
Aortitis
Stanford type B aortic dissection
Acute
Chronic
Giant penetrating ulcer
Traumatic aortic tear
Aortopulmonary fistula
Marfan syndrome

Aneurysm morphology
Aneurysm of the descending aorta
Proximal neck length =2 cm
< 2 cm if supraaortic vessels have been transposed
prior stent-graft placement
Distal neck length =2 cm
Diameter = 6 cm

Patients condition
Preferentially older age
Unfit for open surgical repair or high-risk patients
Chronic obstructive pulmonary disease
Severe coronary heart disease
Severe carotid artery disease
Renal insufficiency

Suitable vascular access site

Life expectancy of more than 6 months
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sional reconstruction'. Although there is no stan-
dard convention for the measurement of vessel
diameters, many operators measure the inner
wall of the vessel (endothelial trailing edge) on
the basis that this will guarantee some degree of
oversizing that is considered desirable for endo-
graft placement. Our protocol measures the di-
ameter of the proximal normally appearing aorta
(inner edge to edge) from a transversal plane per-
pendicular to the long axis of the aorta (preferen-
tially from contrast-enhanced multi-slice CT im-
ages) (Figure 4). Contrast angiography does not
provide reliable measurements. In addition to ini-
tial obligatory diagnostic CT angiography or
magnetic resonance (MR) angiography, trans-
esophageal echocardiography and intravascular
ultrasound may be performed providing addition-
al valuable information. For instance flow sensi-
tive MR sequences or contrast-enhanced TEE not
only shows the communication sites between
true and false lumen, but also insight to the dy-
namic flow pattern in the false lumen prior to
stent-graft placement. Access vessels must also
be evaluated for size and tortuosity as the stent-
graft delivery systems are quite large (up to 24F)

and can cause significant trauma to the femoral
access site and iliac arteries. Features that are un-
favorable for thoracic stent-graft use include se-
vere aortic angulation or tortuosity, friable
atheroma or thrombus lining the aortic wall, and
aortic pathology involving the ascending aorta.
Moreover, the vicinity of relevant side branches,
usually the left subclavian artery or left common
carotid artery is critical while planning to place a
stent-graft for type B dissection; appropriate
periinterventional image reconstruction of the
aortic arch pathology enhances the individual re-
sult in any given case.

Initial Treatment

Patients with suspected acute aortic disease
should be admitted to an intensive care or mon-
itoring unit and undergo diagnostic evaluation
immediately?’. Pain and blood pressure control
to a target systolic pressure of 110 mmHg can
be achieved using morphine sulfate and intra-
venous [-blockers (metoprolol, esmolol or la-
betalol) or in combination with vasodilating
drugs such as sodium nitroprusside or an-

Figure 4. CT scan of a patient with dilated thoracic aorta. Due to the fact that the aorta follows a curved and three-dimension-
ally tortuous path, the axial scans are inadequate for measuring aortic diameters, as are sagittal and coronal planes for measur-
ing aortic lengths.
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giotensin-converting enzyme inhibitors. Intra-
venous verapamil or diltiazem may also be
used if P-blockers are contraindicated.
Monotherapy with f-blocking agents may be
adequate to control mild hypertension and, in
concert with sodium nitroprusside at an initial
dose of 0.3 pg/kg/min, is often effective in a se-
vere hypertensive state. In normotensive or hy-
potensive patients, careful evaluation for loss of
blood, pericardial effusion or heart failure (by
cardiac ultrasound) is mandatory before admin-
istering volume. Additionally, heart rate control
is of utmost importance?®'. Patients with pro-
found haemodynamic instability often require
intubation, mechanical ventilation and urgent
bedside transoesophageal echocardiography or
rapid CT for confirmatory imaging. In rare cas-
es, the external ultrasound diagnosis of cardiac
tamponade may justify immediate sternotomy
and surgical access to the ascending aorta to
prevent circulatory arrest, shock and ischaemic
brain damage.

Technique of Endovascular
Stent-Graft Placement

Based on measurements obtained during trans-
esophageal echocardiography (mandatory for de-
tection of small entries), contrast-enhanced CT
angiograms (best technique for unstable patients
in an emergency situation), or intravascular ultra-
sound (IVUS) using a 10 Mhz ultrasound
catheter-mounted transducer that should be man-
ually maneuvered through the diseased aorta in
the attempt to better identify communications,
partial thrombosis or other peculiarities, individ-
ually selected stent-grafts should be used to cov-
er up to 20 cm (and sometimes even more) of
diseased aorta. The procedure is best performed
in the catheterization laboratory or hybrid operat-
ing room equipped with digital angiography;
general anesthesia is obligatory in all patients.
The femoral artery is the most common access-
site that usually can accommodate a 20-24 F
stent-graft system. Using the Seldinger technique
to place a sheath a 260 cm stiff wire (e.g. Am-
platzer) is placed over a pigtail catheter navigated
with a soft wire in the true lumen under both flu-
oroscopic and transesophageal ultrasound guid-
ance. In complex cases with multiple reentries in
the abdominal aorta the “embracement-tech-
nique” with the use of 2 pig-tail catheters is use-
ful to maintain the true lumen. In essence, a
catheter navigating true aortic lumen via the left

brachial artery picks up the femoral pig-tail
catheter in the true lumen of the abdominal aorta
and pulls it up into the aortic arch. This proce-
dure ensures definite positioning of the stiff
guide wire within the true lumen, that is essential
for the subsequent endovascular procedure.
Launching of the stent-graft is performed by
carefully advancing the graft over the stiff wire in
the true lumen with systolic blood pressure
briefly lowered by rapid right ventricular pac-
ing?. After deployment at the target site and seal-
ing of the entry flap short inflation of a latex bal-
loon may be used to improve apposition of the
stent struts to the aortic wall, if proximal sealing
of thoracic communications was incomplete.
Both Doppler-ultrasound and contrast fluo-
roscopy are instrumental for documenting the
immediate result or for initiating adjunctive ma-
neuvers. In the setting of thoracic aortic
aneurysms (TAA) or ulcers the navigation of
wires and instruments may be facilitated, yet
meticulous intraprocedural ultrasound imaging
and fluoroscopy are equally important to monitor
the progress of the intervention. A frequent
anatomical consideration is the close vicinity be-
tween the origin of the left subclavian artery
(LSA) and the primary tear in type B dissections;
complete coverage of the LSA ostium has to be
accepted at times for proper placement and de-
branching or extra-anatomic bypasses have to be
considered?. According to observational evi-
dence prophylactic surgical maneuvers are not al-
ways required, but may be performed electively
after an endovascular aortic intervention if intol-
erable signs or symptoms of ischemia develop.
However, prior to intentional LSA occlusion at-
tention has to be paid to potential supra-aortic
variants (e.g. presence of a lusorian artery, an in-
complete vertebro-basilar system or vertebral ar-
teries, directly originating from the arch)*.

Device Sizing and Length

Both for dissections and TAA, decision must
be made about the length of the true lumen that
should be scaffolded by an endoprosthesis. The
key initial decision is whether the strategy should
be to cover only the proximal entry point, or al-
ternatively to line a longer length of true lumen,
eventually to treat the descending thoracic aorta
down to diaphragm level. Although longer scaf-
folding provides potentially greater stability and
lower risk of recurrence, the main reason to avoid
extensive coverage is the potential risk of para-
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plegia resulting from compromising of spinal ar-
terial supply. There is observational evidence that
extensive coverage exceeding 20 cm of stent-
graft, previous surgery to the abdominal aorta,
overstenting of the LSA or use of the left mam-
mary artery for coronary bypass is associated
with increased risk of spinal ischemia. In general,
all previous measures that led to compromised
collateral flow to the spinal cord arterial network
are heralding an increased risk for neurological
complications; in other words LSA overstenting
and long stent-grafts are to be avoided in such
scenarios. Conversely, the angiographic identifi-
cation of the spinalis anterior artery was newer
proven to be prognostically relevant. The main
disadvantage of shorter lengths of coverage is the
tendency of multiple re-entries to be present
more distally in the descending thoracic aorta
maintaining perfusion of the false lumen even af-
ter proximal entry-site closure. In such scenarios
distal extension of the scaffolding concept of en-
doluminal repair could be ensured by uncovered
bare metal stents to ensure distal reapposition of
the dissecting lamella without any compromise
to abdominal side branches or spinal arteries.
The proximal aspect of the device should be
sized to the internal luminal diameter of the aorta
close to the left subclavian origin in order to
achieve attachment and fixation at the proximal
»heck®. TAA may require a degree of device
oversizing of 10-15%, while endoprosthesis in
dissection should not be oversized. Excessive
oversizing can result in trauma to the aortic wall
resulting in retrograde dissection into the arch or
conversion of a type B dissection into a type A
dissection, aortic perforation or false aneurysm
formation. More distally, oversizing may result in
tearing of the membrane between the two chan-
nels, resulting in a new re-entry point and ongo-
ing pressurized perfusion of the false channel. If
decision was made to scaffold the aortic lumen
more extensively, the operator must decide
whether to use one long or two different shorter
grafts. The ultimate decision represents a com-
promise between reducing the number of modu-
lar junctions, and the additional frictional forces
associated with the deployment of a long stent-
graft. When two stent-grafts are necessary, then,
they are employed in “telescope” fashion; the
amount of overlap should be at least of 30 mm in
straight anatomic segments, and up to S0mm or
more in angulated or curved segments of the aor-
ta. Geometry of the presumed junction between
the grafts provides some assistance in estimating

the length of the overlap required at connecting
zones. The critical factor to note, however, is the
length of the radius of the curve; the shorter this
radius, the longer the stent overlap is required on
the lesser curve. The second factor that comes in-
to play when making a decision regarding over-
lap is the degree of support provided by the na-
tive aorta at the modular junction. If the junction
occurs in the sac of a large fusiforme aneurysm
rather than in a segment of aorta with normal di-
ameter, the required overlap should be longer.
The reason for this approach is a tendency of the
graft to move out towards the greater curve of the
aneurysmatic aortic segment due to mechanical
forces associated with the pulsatile motion of the
aorta, potentially causing migration or discon-
nection of modular components.

Extended Scaffolding with Bare-Stents
There is general agreement that entry tears
should be treated with a covered stent-graft. The
remaining distal thoracic or even abdominal aorta
may be supported by additional uncovered
stents®. In selecting the suitable stent-graft the
following principles should be followed:

* The appropriate size and diameters are crucial
to avoid erosion through the aortic wall and to
assure optimal conformability.

* The endoprosthesis should also be flexible and
released with a deployment mechanism that is
easy to use and provides accurate placement at
the desired zone.

* Due to the fragility of the dissected aortic
wall, it is preferred to use a stent graft which is
not dependent on balloon expansion for de-
ployment or post deployment modeling. We
prefer self-expanding endoprosthesis with a
nitinol-based architecture and only limited ra-
dial force (in case of aortic dissection) and
avoid any ballooning.

Landing Zone

Experience has shown that the 3-dimensional
mechanical forces associated to the pulsatile flow
that “play” on an endoprosthesis in the thoracic
aorta are far greater and more complex than
those in the abdominal aorta. Consequently, an-
chorage of the graft must be as stable as possible
and the apposition of the graft should be optimal.
Proximal and distal landing zones should ideally
encompass 15 mm in length and no aortic wall
atheroma or thrombus. The earlier concept of the
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left subclavian artery being a natural barrier be-
yond which it was impossible to deploy stent
grafts is no longer valid. The comparatively nor-
mal nature of the aortic arch between the left
subclavian artery and left common carotid artery
origins and the horizontal orientation compared
with the aorta distal to the LSA, have encouraged
interventionalists to use this segment of the aorta
as a preferred anchor zone with or without by-
passing the LSA. It is considered prudent to visu-
alize the cerebral circulation by DSA, CT or
magnetic resonance angiography to identify pa-
tients with an incomplete circle of Willis or other
limitations or abnormalities of vascular supply to
the brain. In these patients protective measurees
such as carotid-subclavian bypass might be nec-
essary prior to stent-covering the LSA. Of
course, there is always the option of using proxi-
mal bare-stents for better alignment without the
risk of occluding a vital side branch such as the
LSA.

Hybrid Arch Procedures

The aortic arch anatomy and pathology is
challenging because of variable degree of length
and degree of angulation, and the proximity of
the supra-aortic branches that need to be pre-
served?*?. Traditional open arch surgical recon-
struction requiring hypothermic cardiac arrest,
extracorporal circulation and selective cerebral

perfusion has been demonstrated to effectively
manage aortic arch pathologies. However, these
major surgical procedures carry significant mor-
tality and risk of paraplegia and cerebral stroke.
Therefore, such open repair is preferred particu-
larly in low-risk younger patients. Typical high-
risk patients are not considered candidates for
this surgical approach. Hybrid arch procedures
are a combination of debranching bypass (supra-
aortic vessel transposition) to preserve cerebral
perfusion and subsequent thoracic endografting
to provide patient-centred solutions for complex
aortic arch lesions (Figure 5). Hybrid arch proce-
dures are performed without hypothermic circu-
latory arrest and extracorporal circulation and
could expand the treatment group to older and
high-risk patients with severe co-morbidities cur-
rently not eligible for open surgical repair.

Aftercare and Long-Term Follow-up

The long-term care of patients with successful
initial treatment of acute aortic dissection begins
with the appreciation of a systemic illness. It has
been estimated that nearly one-third of patients
initially surviving an acute dissection of the tho-
racic aorta shall experience extension of dissec-
tion or late aortic rupture, or require surgery for
aortic aneurysm formation within 5 years of pre-
sentation®’. All patients merit aggressive medical
therapy, follow-up visits and serial CT imaging.

Figure 5. Contrast-medium enhanced MR-angiography of the aorta in a case of an arch aneurysm. A, Aneurysm of the aortic
arch involving the supra-aortic branches. B, Result after hybrid procedure with debranching of the supraaortic vessels and
stent-graft placement in the aortic arch.
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Treatment with effective -blockade is the cor-
nerstone of medical therapy. By lowering both
blood pressure and steepness of the pressure rise
(dp/dt), p-blockers have been shown to retard
aortic expansion in Marfan’s syndrome and also
in patients with chronic abdominal aortic
aneurysms (AAA). Blood pressure should be
titrated to less than 135/80 mmHg and even to
less than 130/80 mmHg in Marfan’s syndrome'!
13, Additionally, heart rate should be controlled
since a heart rate under 60 significantly decreases
secondary adverse events (aortic expansion, re-
current aortic dissection, aortic rupture and/or
need for aortic surgery) in type B aortic dissec-
tion compared to conventional control of > 60
bpm?!. Serial CT imaging of the aorta is an es-
sential component of long-term management (be-
fore and after surgery or stent-graft placement).
Choice of imaging modality, CT or magnetic res-
onance,is dependent on institutional availability
and expertise. Previous recommendations sug-
gest follow-up imaging at 1, 3, 6, 9 and 12
months following discharge, and annually there-
after!""13. This aggressive strategy underlines the
observation that both hypertension and aortic ex-
pansion/dissection are common and not easily
predicted in the first months following hospital
discharge. Imaging should not be confined to the
region of initial involvement since both dissec-
tion and aneurysm formation may progress any-
where along the entire length of the aorta. The
full length of the thoracic and if indicated also
thoraco-abdominal and abdominal aorta should
be imaged.

Management of Complications

Endoleaks

An endoleak is a condition associated with en-
dovascular stent-graft, defined by persisting
blood flow outside the lumen of the stent-graft
but within the aneurysm sac or adjacent vascular
segment treated by the stent-graft. Most en-
doleaks persist, but some may resolve and close
spontaneously. In endoleaks that persist some
shall develop late aneurysm rupture. An endoleak
can be classified according to the time of occur-
rence. When occurring during the perioperative
(< 30 days) period it is defined as a “primary en-
doleak™, and an endoleak detected later is termed
a “secondary endoleak”. Further categorization
requires precise information on periprosthesis
blood flow. Type I endoleak is indicative of a

persistent perigraft channel of blood flow caused
by inadequate seal at either the proximal (I-a) or
distal (I-b) stent-graft end or attachment zones.
Type II endoleak is attributed to retrograde flow
into the aneurysmal sac via aortic sidebranches.
Type III endoleak is caused by component dis-
connection (III-a) or fabric tear, fabric disruption
or graft disintegration (III-b). Type III-b can be
further stratified as major (< 2 mm), or major (>
2 mm). Type IV endoleak is caused by blood
flow through an intact but otherwise porous fab-
ric, observed during the first 30 days after stent-
graft implantation. If an endoleak is visualized
on imaging studies but the precise source cannot
be determined, the endoleak is categorized as an
endoleak of undefined origin.

Endoleaks may be managed by either observa-
tion (especially type II and IV), by further en-
dovascular procedure (e.g. balloon-inflation
and/or implantation of an additional stent-graft;
especially type I and III) or by conversion to
open surgery (if further endovascular maneuvers
fail to achieve complete exclusion of the
aneurysm from circulation resulting in increase
of TAA-diameters).

Aneurysm Evolution After
Stent-Graft Treatment

The thoracic aorta has unique anatomical fea-
tures with a distinctive biomechanical and hemo-
dynamic environment, explaining some of the
rare late complications specific to devices used in
this location. The descending thoracic aorta, un-
like the abdominal aorta, is relative mobile in the
chest and is subject to a complex and vigorous 3-
dimensional motion. Fixation points are the aor-
tic root, sites of origin of major branches with a
long mobile aortic segment extending from the
LSA to the celiac artery. Thus, the thoracic aorta
elongates, angulates and enlarges between these
points and aneurysms may develop. The mechan-
ical forces exert a complex pattern of dynamic
circumferential, radial, and axial forces on tho-
racic stent-grafts resulting in a stress field signifi-
cantly different than that exerted on abdominal
stent-grafts. Development of aneurysms of the
dissected aorta after stent-graft treatment is an in-
frequent event. False lumen thrombosis sec-
ondary to thoracic endografting is crucial to pre-
vent late aortic expansion; therefore, close clini-
cal and imaging follow-up are essential to moni-
tor anatomical changes over time. A still unre-
solved problem, even after successful thoracic
stent-graft placement, is the fate of the distal aor-
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tic segment. In the presence of large re-entry
points, the thoraco-abdominal segment of the
false lumen has a tendency to remain patent and
remodel completely, setting the stage for late
complications such as aneurysmal enlargement at
the proximal or distal end of the stent-graft have
been identified. Other complications include per-
forations of the fragile aortic intima by the ends
of the metallic stent, especially in the early phase
of the acute aortic dissection and injuries caused
by stiff guidewires and devices manipulation po-
tentially setting the stage for aneurysmal evolu-
tion. The risk of these complications seems to be
reduced by introducing the more flexible and soft
tip delivery systems with the aid of minimally
traumatic thoracic guide-wires specifically de-
signed for these interventions. In addition, the
duration of an endovascular procedure may also
relate to complications such as stroke or bleed-
ing; both of which may of course be reduced by
experienced operators requiring less than 30 min-
utes to complete a case. It has been also suggest-
ed that the patency of the abdominal aortic false
lumen may be related to persisting communica-
tions between the true lumen and false lumen.
Treatment of these communications at the level
of distal thoracic and abdominal aorta shall po-
tentially obliterate the false lumen and reduce the
aortic diameter, yet in practice the closure is dif-
ficult to achieve because of proximity or involve-
ment of the visceral branches. Another mecha-
nism of late complication of graft treatment is re-
lated to distension of the aorta beyond the por-
tion covered by the stent-graft due to the me-
chanical weakness of the dissected aortic walls.
Prevention of these complications can be partial-
ly achieved during the primary procedure by en-
suring adequate landing zones proximally and
distally to the stent-graft, and closure of large
fenestrations along the length of the false lumen.
To address the eventual problem of distal false
lumen persisting perfusion with aneurismal in-
crease and incomplete true lumen remodeling,
use of provisional bare stent as distal extension
to a stent-graft has been suggested to facilitate
aortic remodeling and completely repair of the
distal dissected segments without compromising
important side-branches (PETTICOAT tech-
nique)®.

Stent-Graft Infection

Prosthetic graft infection represents a rare
complication that is difficult to diagnose. Stent-
graft infection is suggested by combining imag-

ing, haematological and clinical parameters.
The presence of air in the aneurysm sac should
raise the suggestion of stent infection as would
excessive soft tissue accumulation and progres-
sive enlargement of the aneurysm sac. Similarly,
in the presence of suspicious imaging, the pres-
ence of raised markers of systemic inflamma-
tion may be informative as would the onset of
clinical symptoms of an infective process. In
most cases PET radio-nuclide studies may be
helpful. Treatment of thoracic endograft infec-
tion will depend on the diagnostic certainty, the
pathogenesis of the organism, the extent of in-
fection, the presenting features and the medical
co-morbidities of a given patient. As with the
treatment of all prosthetic graft infections a
spectrum of management strategies includes
conservative treatment with targeted antibiotics
delivered peripherally or alternatively by direct
puncture and application into the peri-graft
space, insertion of another stent-graft inside the
potentially infected graft or excision of the in-
fected stent-graft with debridement of the sur-
rounding tissue and either in situ or extra-
anatomic vascular reconstruction. Irrespective
of the method, the treatment of aortic graft in-
fection remains difficult and problematic. In ab-
sence of management algorithms that can define
treatment in particular conditions based on pa-
tient presentation and degree of infection indi-
vidual decisions in each patient weighing the
risk of the available options are required. In
general, a decision must be made as to whether
treatment is to be potentially curative or pallia-
tive. In cases of potentially curative treatment
an aggressive approach with open surgery asso-
ciated with a relatively high mortality may be
justified. In cases of palliation, placement of an
endovascular graft (graft-in-graft approach) to
prevent life threatening bleeding or fistulation
may be considered. Patients with complex graft
disease should always be treated in experienced
centers having all required treatment modalities
at their disposal.

Retrograde type A Dissection Following
Stent-Graft Placement

Few cases of proximal aortic dissection after
placement of an endograft are reported; the inci-
dence of this complication is presumably in the
range of 1-2% according to previous reports and
occurs usually shortly after the intervention®*3!.
Chest pain or ischemic symptoms of heart, or
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brain should immediately alert the suspicion that
a type B dissection has changed to a type A dis-
section with a high morbidity and mortality.
Emergency CTA and subsequent surgery may
save the patient. There are several reasons why
type A dissections may occur after stent-graft
placement in the descending thoracic aorta:

— Initial misinterpretation of a type A dissection
as a type B dissection.

— Spreading of the dissection into the ascending
aorta or aortic arch due to not placing the
stent-graft close enough to the LSA, or ma-
neuvering in the false lumen.

— Under- or oversizing of the stent-graft with a
leak or additional injury to the aortic wall.

— Malapposition of the stent-graft to the aortic
wall at the proximal landing zone with subse-
quent proximal collapse of the stent-graft.

— Ballooning of the proximal end of the stent-
graft resulting in injury of the diseased aortic
wall with extension of the dissection in the
aortic arch and ascending aorta.

— Development of a type A dissection indepen-
dently of the treated type B dissection.

In these cases it is critically important to ad-
vance the guide-wire, catheter and endograft in
the true lumen only. If the position of the
guidewire in the true or false lumen remains un-
certain, angiography and transesophageal
echocardiography are in experienced hands in-
strumental to confirm correct positioning. The
true lumen can be differentiated from the false
lumen by angiography and transesophageal
echocardiography since the false aortic lumen is
usually larger than the true lumen, and flow at
the entry is directed into the false lumen. This ex-
plains the damping of the pulse amplitude and
the difficult palpation of the pulse in many of
these patients. Precise measurement of the proxi-
mal aortic dimensions is essential for the selec-
tion of the stent-graft size and a successful seal-
ing of the aortic tears. In type B dissection the
stent-graft is normally placed with its proximal
end directly at the origin of the LSA. Proximal
landing of a stent-graft is usually close to the
LSA, even when the tear is in the mid-portion;
otherwise, the dissection membrane may develop
a new tear between LSA and proximal end of the
stent-graft. In successful cases angiography
shows a good result with complete sealing of the
leak and no opacification of the false lumen any-
more. Occasionally, however, a stiff endo-graft

chafes on the fragile dissection membrane and a
new endoleak may develop, possibly requiring
additional stent-grafting or eventually conversion
to open surgery.

Paraplegia After Stent-Graft Placement

The initial concern after stent-graft placement
was expressed in terms of risks of spinal cord is-
chemia due to the frequent need to cover multiple
intercostal arteries and even the artery of
Adamkiewitz, usually the only one prominent in-
tersegmental branch from the aorta at the lower
thoracic or upper lumbar level. Indeed, 3% to 12%
of the stent-graft patients treated for aneurysms,
dissections, ulcers, intramural hematoma or aortic
traumatic transsection are still at risk of spinal cord
ischemia. Besides ischemia of the spinal cord due
to occlusion of important radicular arteries that
originate from vertebral, intercostals and lumbar
arteries, ischemia-reperfusion and hypotension
may play a causal role in the development of para-
plegia. Thus, the widely accepted impression that
the coverage of the segmental artery or the orifices
of the intercostal/interlumbar arteries by the stent-
graft represents the only and possibly the most crit-
ical cause of spinal ischemia should be corrected.
Prevention of paraplegia in stent-graft patients
should include:

* Screening for high-risk patients
Age >75
Anticipated endograft coverage T9-T12
(loacation of anterior spinal artery)
Coverage of long segment (> 20 cm)
Compromised collateral pathways (e.g. LI-
MA as coronary artery bypass, infrarenal
surgical aortic repair)
— Long extent of atherosclerotic lesions
» Early detection of spinal cord ischemia
— Somatosensory evoked potentials
— Motor evoked potentials
* Cerebral or spinal cord perfusion monitoring
and drainage (spinal tap decreases intrathecal
pressure to 10-15 cm H,O to generate space
for collateral arteries to fill and perfuse better)
* Prevention of perioperative hypotension

If spinal tap is introduced without any delay
and arterial perfusion pressure is elevated to 140
mmHg systolic pressure by pharmacological
means or volume resplenishment, symptoms of
paraplegia or paraparesis are frequently re-
versible.
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Stroke After Stent-Graft Placement

Reports of strokes after stent-graft placement
vary from O to 18% and the complication is often
devastating. It is well recognized that instrumen-
tation in the arch produces showers of particles
embolizing to the brain. In endovascular tech-
nique instrumentation in the aortic arch includes
not only the use of guidewires or catheters, but
also bulky delivery systems that carry these stent-
grafts. In addition balloon dilation of stent-grafts
is often needed which adds risks of dislodgement
of particles from the aortic arch. It is known that
even flushing correctly the delivery system of
stent-graft cannot always eliminate all the air
contained in the crimped stent-graft. Moreover,
bubbles are released with the deployment of the
stent-graft. A basic prerequisite in patients in
whom the subclavian artery closure has been
considered is the assurance that the contralateral
vertebral artery is open and forming the basilar
trunk without anomalies of the intra-cranial
branches. This means that the basic assessment
that is necessary, before deciding a procedure
that will cover the LSA involves the complete de-
finition of the left vertebral artery including the
depiction of the origin, patency and size, size and
condition of the right vertebral artery and the
constitution of the basilar artery and its branches
as. In patients with compromised cerebral circu-
lation the four vessel cerebral angiography is the
recommended standard. When the left vertebral
artery takes off from the aortic arch, occlusion of
the LSA can result in severe ischemia of the left
arm. If the left vertebral artery takes off from an
aneurysm that is being excluded, it could result
in a type II endoleak in severe steal phenomenon
or even ipsilateral posterior stroke. In those cases
a transposition of the LSA prior to the interven-
tion is required.

Conclusions

The emergence of endovascular stent-grafting
as an alternative therapy to open surgical repair
of thoracic aortic pathologies is an exciting ad-
vancement. Although it is apparent that high-risk
patients will benefit from this technology, the ex-
act role of stent-grafting remains to be defined as
we accumulate long-term data and as devices and
technology evolve. Rather than replacing conven-
tional surgical treatment, endovascular repair will
likely play a complementary role and offer a less
invasive option in the treatment armamentarium.

Clearly, there are limitations of both approaches.
However, while high risk for surgery is defined
by clinical parameters, co-morbidities and physi-
ological reserve, contraindications for endovas-
cular stent-graft treatment are defined mostly by
anatomical criteria such as too wide aorta to pro-
vide landing zones for an endoprosthesis or al-
ready irreversible paraplegia. Nevertheless, treat-
ment should be carried out only in a center with
experience in both endovascular and surgical
procedures, and with adequate technical facili-
ties. Treatment of thoracic aortic pathologies
should be subject to prior multidisciplinary dis-
cussion, particularly with regard to risks of con-
version and need for cardiopulmonary bypass.
All patients should have access to a structural
follow-up plan offering both regular clinical as-
sessment and professional imaging follow-up by
CT or MR angiography.
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