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Summary

Interventional management of aortic dissec-
tion and other pathologies of the descending
aorta by use of stent-grafts evolved slowly in
anticipation of the risk of paraplegia from
spinal artery occlusion, a complication known
to occur in up to 18% after surgery. With on-
going technical improvement a large series of
type B dissection cases has now been success-
fully treated by endovascular stent-graft place-
ment using the concept of sealing the most
proximal entry tears to the dissecting pro-
cess without neurological sequelae. Recent
studies have demonstrated that closure of the
entry tear is essential to depressurise the false
lumen, reconstruct the aortic wall and reduce
total aortic diameter. Entry tear closure pro-
motes both thrombus formation in the false
lumen and remodeling of the entire aorta. Var-

Figure 1

Magnetic resonance angiograms obtained before and after placement of a stent-graft.

A Three-dimensional, maximum-intensity projection after injection of gadolinium-DTPA.
There is a dual, open-lumen type B dissection; the entry to the perfused false lumen
(black arrow) is located in the distal arch directly adjacent to the left subclavian artery.
The white arrow indicates the false lumen.

B Three months after successful placement of a TALENT™-stent-graft (Dacron-covered)
directly onto the entry of the false lumen. The entry is completely sealed by the stent-
graft and the false lumen in the thoracic and abdominal aorta is thrombosed (white
arrow). The left subclavian artery is widely patent and the true lumen (black arrow) has
widened as evidence of aortic remodeling.

ious observational studies and registries have
shown that the use of a customised stent-graft
1s an effective method to exclude an enlarging
and aneurysmal dilated false lumen by sealing
of the proximal entry tear. The absence of a
distal reentry tear is desirable but not a pre-
requisite. Besides dissection, however, focal
true (or false) aneurysm of the descending
thoracic aorta represents another interesting
target for endovascular repair instead of open
surgical repair.

Similarly, penetrating aortic ulcers, often
originating from a localised intramural haema-
toma of the aorta, is evolving as a new attrac-
tive indication for stent-grafting, both in emer-
gency and elective scenarios.

Moreover, partial or complete rupture oc-
curing as a result of deceleration trauma ap-
pears to be amenable to either emergent or
delayed endovascular management. Stabilisa-
tion of the disrupted aorta with stent-graft has
proven beneficial, with reconstruction of the
inner lining by virtue of the endoprothesis to
prevent enlargement, aneurysm formation
and eventual rupture.

Background

Conventional treatment of Stanford type A (De
Bakey type I, II) dissection consists of surgical
reconstruction of the ascending aorta with
complete or partial resection of the dissected
aortic segment; thus in type A dissections in-
terventional endovascular strategies have no
clinical application except to relieve critical
malperfusion prior to surgery by distal fenes-
tration in cases of thoracoabdominal extension
(De Bakey type I) and ischaemic complica-
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Figure 2

Entry tear closure pro-
motes depressurisation
of false lumen, thrombus
formation in the false
lumen and remodeling
of the entire aorta.

tions. Various scenarios of malperfusion syn-
drome are amenable to endovascular manage-
ment. These include static or dynamic (by in-
tima invagination) collapse of the aortic true
lumen, static or dynamic occlusion of one or
more vital side branches, or enlarging false
aneurysm due to patent proximal entry tear.
Stent-graft placement aims at remodeling of
the thoracic descending aorta by sealing one
(or multiple) proximal entry tears with a
Dacron-covered stent, thus initiating throm-
bosis of the false lumen [1-4]. In addition re-
construction of a collapsed true lumen might
result in reestablishment of sidebranch flow
(fig. 1).

Although peripheral pulse deficits can be
acutely reversed with surgical repair of the
dissected thoracic aorta in approximately 90%,
patients with mesenteric or renal ischaemia do
not fare well. Mortality of patients with renal
ischaemiais 50 to 70% and as high as 87% with
mesenteric ischaemia [5-7]. The surgical mor-
tality rates in patients with peripheral vas-
cular ischaemic complications are similar to
those with mesenteric ischaemia, reaching an
89% in-hospital mortality rate [8-11]. Opera-
tive mortality of surgical fenestration varies
form 21 to 61%, which encouraged percu-
taneous interventional management by endo-
vascular balloon fenestration of a dissecting
aortic membrane to treat mesenteric is-
chaemia, a concept discussed as a niche indi-
cation in such complicated cases of malperfu-
sion [10-12].

The interventional management of Stan-
ford type B (De Bakey type III) dissection and
the use of stent-grafts evolved slowly in antic-
ipation of the risk of paraplegia from spinal
artery occlusion as seen in up to 18% after open
surgery [11, 12]. However, with further techni-
cal improvement a large series of cases has
now been successfully treated by endovascular
stent-graft placement covering entry tears in
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the descending aorta and even in the aortic
arch. Recent studies have demonstrated that
closure of proximal entry tears is essential to
reconstruct the aortic wall and reduce total
aortic diameter. Entry tear closure promotes
depressurisation of false lumen, thrombus for-
mation in the false lumen (fig. 2) and remodel-
ing of the entire aorta [2, 3, 12]. In the near
future combined surgical and interventional
procedures even for proximal dissection are on
the horizon [13-15].

Indications for fenestration
and stent-graft placement

The exact role of percutaneous fenestration
and stent-grafting in the treatment of aortic
dissection continues to evolve. There appears
to be a role for stent-graft placement in the
treatment of static or dynamic obstruction of
aortic branch arteries, because static obstruc-
tion of a branch can be overcome by placing en-
dovascular stents in the ostium of the compro-
mised side branch, and dynamic obstruction
may benefit from stents in the aortic true lu-
men with or without additional balloon fenes-
tration or sidebranch stenting. In classic aor-
tic dissection, successful fenestration leaves
true lumen pressure unchanged [16]. Some-
times bare stents must be deployed from the
true lumen into side branches in order to
buttress the flap in a stable position [17]. In
chronic dissection where fenestration of a
fibrosed dissecting membrane may result in
collapse of the connection between true and
false lumen, a stent may be necessary to keep
the fenestration open. A rare use of fenestra-
tion is to create a reentry tear for the dead-end
false lumen back into the true lumen with the
aim to prevent thrombosis of the false lumen
and compromise of branches fed exclusively
from the false lumen or jointly from the false
and true lumen, a concept, however, that lacks
clinical proof of benefit. Conversely, fenestra-
tion may increase the long-term risk of aortic
rupture because a large reentry tear promotes
flow in the false lumen and provides the basis
for aneurysmal expansion of the false lumen.
There 1s also a risk of peripheral embolism
from a patent but partly thrombosed false
lumen [17, 18].

The most effective method to exclude an
enlarging and aneurysmal dilated false lumen
is the sealing of proximal entry tears with a
customised stent-graft; the absence of a distal
reentry tear is desirable for optimal results but
not a prerequisite. Adjunctive treatment by
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Table 1

fenestration and/or ostial bare stents may help
establish flow to compromised aortic branches.
Compression of the true aortic lumen cranial
to the main abdominal branches with distal
malperfusion (so called pseudo-coarctation)
may also be corrected by stent-grafts that en-
large the compressed true lumen and improve
distal blood flow [2, 3, 10, 12]. Depressurisa-
tion and shrinking of the false lumen is the
most beneficial result to be gained, ideally
followed by complete thrombosis of the false
lumen and remodeling of the entire dissected
aorta, and in rare occasions even in retrograde
type A dissection [14]. Similar to previously
accepted indications for surgical intervention
in type B dissection, scenarios such as in-
tractable pain with descending dissection,
rapidly expanding false lumen diameter, ex-
traaortic blood collection as a sign of imminent
rupture or distal malperfusion syndrome are
accepted indications for emergent stent-graft
placement [15, 17-19]. Moreover, late onset of
complications such as malperfusion of vital
aortic side branches may justify endovascular
stent-grafting of an occlusive lamella (or
fenestration) to improve distal true lumen flow
as a first option. Only after an unsuccessful
attempt surgery may still be employed consid-
ering that surgical repair failed to prove supe-
riority over interventional treatment even in
uncomplicated cases; in complicated cases the

Considerations for surgical, medical and interventional therapy in aortic dissection.

Surgery

Treatment of choice in acute type A dissection

Acute type B dissection complicated by the following

Retrograde extension into the ascending aorta

Dissection in Marfan’s syndrome

Rupture or impending rupture (historically classic indication)

Progression with compromise of vital organs

Medical therapy

Treatment of choice in uncomplicated type B dissection

Stable, isolated arch dissection
Stable type B dissection (chronic, >2 weeks of onset)
Interventional therapy

Stent-grafts to seal entry to false lumen of aortic dissection and to enlarge
compressed true lumen

Unstable type B dissection

Malperfusion syndrome (proximal aortic stent-graft and/or distal
fenestration/stenting of branch arteries)

Stable type B dissection (under study)
Stent-grafts to exclude thoracic aortic aneurysm (>5.5 cm)

Stent-grafts to cover perforating aortic ulcers (especially deep,
progressive ulcers)

Stent-grafts to reconstruct the thoracic aorta after traumatic injury

Stent-graft placement as an emergency treatment of evolving or imminent
aortic rupture
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concept of endoluminal treatment is currently
replacing open surgery in advanced experi-
enced centers [1-3, 17-20]. A summary of
treatment options is listed in table 1.

Besides dissection, focal true (or false)
aneurysm of the descending thoracic aorta rep-
resents another interesting target for endovas-
cular repair instead of open surgical repair. A
number of studies have not only documented
feasibility and safety, but also favorable short-
and midterm outcomes especially in multi-
morbid patients subjected to elective stent-
graft treatment with circumscript thoracic
aneurysm that are considered surgical candi-
dates based on pathoanatomical features
[21-24]. With the most recent technical refine-
ments of endovascular devices previous short-
comings of homemade stent-grafts are likely
to be overcome [25]. Treatment of descending
thoracic aneurysms — if anatomically suitable
— by endovascular stent-grafting is the pri-
mary management consideration today [26].

Penetrating aortic ulcers, often originating
from a localised intramural haematoma of the
aorta, currently evolve as a new attractive and
benevolent indication for stent-grafting, both
in emergency and elective scenarios. Few re-
ports have documented successful sealing of
ulcers by use of commercial stent-grafts in an
endovascular approach. While aortic ulcers
may only occasionally progress rapidly to gen-
erate a medical emergency, traumatic aortic
rupture or partial or even complete transection
of the descending thoracic aorta is always a
truely emergent life-threatening condition.

Partial or complete rupture almost always
occurs as a result of deceleration trauma usu-
ally as a result of a car accident or fall from
height. The aorta ruptures at the fixation
points and may just be contained by the adven-
titia. Emergent or better delayed (but timely)
endovascular management by stabilisation of
the disrupted aorta with a suitable stent-graft
1s considered beneficial, with reconstruction
of the thoracic aorta (fig. 3) by virtue of a new
inner lining (by the endoprothesis) that pre-
vented enlargement, aneurysm formation and
eventual rupture, and enabled self healing of
the transected aortic tissues [27-29].

Technique of percutaneous

balloon fenestration

The technical goal in percutaneous balloon
fenestration is to create a new tear in the dis-
section flap between the true and false lumen.
Fenestration is performed from the smaller
(usually the true lumen) into the larger or
false lumen. Most commonly a Roesch-Uchida,
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Figure 3

Stabilisation of the dis-
rupted aorta with a suitable
stent-graft with reconstruc-
tion of the thoracic aorta by
virtue of a new inner lining
by the endoprothesis that
prevents enlargement,
aneurysm formation and
eventual rupture, and en-
ables self healing of the
transected aortic tissues.

A Before stent-graft.

B After stent-graft.

Figure 4

A pig-tail catheter which
has been installed in the
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
procedure ensures definite
positioning of the stiff
guide wire in the true
lumen, which is essential
for correct deployment

of the stent-graft.
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Brockenborough or Colopinto needle is used
for fenestration close to the compromised side
branches. After the needle and a stiff wire are
advanced from the true into the false lumen at
the desired location, a balloon catheter of
12-15 mm diameter and 20—40 mm length is
advanced and pulled back after inflation to cre-
ate a transverse tear. If intravascular ultra-
sound (IVUS) is not available, a pulmonary
balloon catheter can be used as a targeting ob-
ject for piercing the dissecting membrane with
the needle [16].
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Technique of aortic stent-graft
placement

Aortic stent-grafts are primarily used to cor-
rect compression of the supplying true lumen
cranial to major aortic branches and to in-
crease distal flow. Moreover, proximal commu-
nications should be sealed to depressurise the
false lumen, direct flow to the true lumen and
induce thrombosis in the false lumen with fi-
brotic transformation and subsequent remod-
eling of the aortic wall. Stent-graft placement
across the origin of the celiac, superior mesen-
teric and renal arteries is strongly discouraged
for empiric reasons.

Based on the measurements obtained dur-
ing angiography, TEE, CT, MRI, or IVUS, cus-
tomised stent-grafts should be used in cov-
ering up to 16 cm of dissected aorta and the
major tear. The procedure is best performed in
the catheterisation laboratory using digital
angiography and under general anesthesia. The
femoral artery is the most popular access-site
and can usually accommodate a 24 F stent-
graft system. Using the Seldinger technique
a 260 cm stiff wire is placed over a pigtail
catheter navigated with a soft wire in the true
lumen under both fluoroscopic and trans-
oesophageal ultrasound guidance. In complex
cases with multiple reentries in the abdominal
aorta the “embracement-technique” with the
use of two pig-tail catheters is useful. A pig-tail
catheter which has been installed in the true
aortic lumen via the left brachial artery, picks
up the femoral pig-tail catheter in the true lu-
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men of the abdominal aorta and pulls it up into
the aortic arch (fig. 4). This procedure ensures
definite positioning of the stiff guide wire in
the true lumen, which is essential for correct
deployment of the stent-graft. Carefully ad-
vanced over the stiff wire the launching of the
stent-graft is performed with blood pressure
briefly lowered to 50-60 mm Hg by infusing
sodium nitroprusside to prevent dislodge-
ment. After deployment short inflation of a la-
tex balloon may be used to improve apposition
of the stent struts to the aortic wall, but only
if proximal sealing of thoracic communications
1s incomplete. Both Doppler-ultrasound and
contrast fluoroscopy are instrumental for doc-
umenting the immediate result or initiating
adjunctive maneuvers. For thoracic aortic
aneurysm or ulcers the navigation of wires and
instruments is markedly easier, but meticu-
lous imaging with ultrasound and fluoroscopy
is equally important.

Afrequent anatomical consideration is the
close vicinity between the origin of the left
subclavian artery (LSA) and the degenerative
aneurysm or the primary tear (in type B dis-
sections). For this reason complete coverage of
the ostium to the LSA has to be accepted at
times to utilise endovascular devices in aortic
pathologies adjacent to the LSA. According to
observational evidence prophylactic surgical
maneuvers are not imperatively required for
safety reasons, but may be relegated to an
elective measure after an endovascular aortic
intervention when intolerable signs or symp-
toms of ischaemia occur [30]. However, prior to
intentional LSA occlusion attention has to be
paid to potential supra-aortic variants and
pathologies during pre-interventional imaging
and vascular staging.

Results of interventional therapy

With both fenestration maneuvers and bare
stents in sidebranches compromised flow can
be restored in more than 90% (range 92 to
100%) of vessels obstructed from aortic dissec-
tion. The average 30 day mortality rateis 10%
(range 0 to 25%) and additional surgical re-
vascularisation is rarely needed [31]. Most
patients remain asymptomatic over a mean
follow-up time of about one year. Fatalities
related to the interventional procedure may
occur as a result of nonreversible ischaemic
complications, progression of the dissection or
complications of additional reconstructive sur-
gical procedures on the thoracic aorta [1-3, 17,
20, 31]. Potential problems may arise from
unpredictable haemodynamic alterations in
the true and false lumen after fenestration
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and side branch stenting. These alterations
can result in loss of previously well perfused
arteries, or in loss of initially salvaged side
branches.

Recent reports suggest that percutaneous
stent-graft placement in the dissected aorta is
safer and produces better results than surgery
for type B dissection. Paraplegia may occur
after use of multiple stent-grafts but still
appears to be a rare phenomenon, especially
when the stented segment does not exceed 16
cm. Results of short-term follow-up are excel-
lent with a 1-year survival rate of >90%; tears
can be readapted and aortic diameters gener-
ally decrease with complete thrombosis of the
false lumen. This suggests that stent place-
ment may facilitate healing of the dissection,
sometimes of the entire aorta, including ab-
dominal segments (fig. 1). However, late reper-
fusion of the false lumen has been observed oc-
casionally underlining the need for stringent
follow-up imaging. In some patients, follow-up
imaging has revealed tears that had initially
been overlooked, but required additional
stents.

Both acute and midterm results in pa-
tients with thoracic aortic aneurysm, ulcers
and traumatic aortic lesion are encouraging;
although lifetime is more or less a matter of co-
morbidities. While the endovascular maneu-
vers usually ensure complete occlusion of the
aneurysmal sac or ulcer, selected patients are
usually older with various comorbidities that
are more likely to limit life expectancy [25, 26].
However, better patient selection, avoidance of
endoleak and further technical refinement will
improve outcomes even for those patients that
would never be accepted for open surgical re-
pair.

Complications of interventional therapy
In view of the fact that post-procedural mor-
tality rate seems largely dependent on the
severity and duration of ischaemia before the
interventional procedures (eg, in one report
half of the 30 day mortalities were due to irre-
versible damage sustained before the endovas-
cular treatment) timely percutaneous stent
treatment seems highly desirable [32]. Con-
sidering the excess mortality of acute type A
dissection with malperfusion of peripheral
branches, percutaneous intervention for relief
of malperfusion has been suggested before sur-
gical repair, a concept, however, not settled yet.

In addition, patients can develop a sys-
temic inflammatory reaction after stent-graft
implantation. This may present as an elevated
C-reactive protein in concert with fever. Both
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signs disappear within days or weeks sponta-
neously or with transient non-steroidal treat-
ment as aortic remodeling progresses.

Long-term follow-up and
adjunctive treatment

The long-term approach to patients with suc-
cessful initial treatment of acute aortic dissec-
tion or aneurysm begins with an appreciation
that such patients have a systemic illness
which variably predisposes their entire aorta
and potentially its larger branches to dissec-
tion, aneurysm and rupture. Systemic hyper-
tension, advanced age, aortic size, and pres-
ence of patent false lumen are all factors of
higher risk, as is the entire spectrum of con-
nective tissue diseases (most importantly the
Marfan syndrome). All post-stent patients
merit extremely aggressive medical therapy,
follow-up visits, and serial imaging. It has
been estimated that nearly a third of pa-
tients surviving initial treatment for acute dis-
section will experience dissection extension,
aortic rupture, or require surgery for aortic
aneurysm formation within 5 years of presen-
tation. Furthermore, this risk is substantial in
the first few months after initial therapy [33].

Treatment with effective beta blockade is
the cornerstone of medical therapy. By lower-
ing both blood pressure and contractility, beta
blockers have been shown to retard aortic ex-
pansion in Marfan’s syndrome [34] and pre-
vent expansion of chronic abdominal aortic
aneurysms [35]. Observational studies sug-
gest similar unique benefits in aortic dissec-
tion when compared to other antihypertensive
agents; guidelines recommend progressive up-
titration of dosage to achieve a blood pressure
<135/80 mm Hg in usual patients and <130/
75 mm Hg in those with Marfan’s syndrome
[35—-317].

Serial imaging of the aorta is an essential
component of long-term surveillance and fol-
low-up of patients with aortic aneurysm (be-
fore and after surgery or stent-graft place-
ment) in Marfan’s disease and in all cases of
chronic dissection. Choice of imaging modality
is dependent on institutional availability and
expertise as well as extent of aortic involve-
ment, and the age of the patient. Previous rec-
ommendations suggest follow-up imaging and
examination at 1, 3, 6, 9, and 12 months fol-
lowing discharge, and annually thereafter [38,
39]. This aggressive strategy underlines the
observation that both hypertension and aor-
tic expansion/dissection are common and not
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easily predicted in the first months following
hospital discharge. Further, imaging is not
confined simply to the region of initial involve-
ment since both dissection and aneurysm for-
mation may occur anywhere along the entire
length of the aorta.

Progression to an ascending aortic diame-
ter of 4.5 cm 1s an indication for elective surgi-
cal repair in patients with Marfan’s syndrome.
For non-Marfan patients, aorta’s exceeding 5.5
to 6.0 cm warrant repair, as does distal aortic
expansion to >6.0 cm in any patient. As with
non-dissecting aneurysms, rate of growth and
size of the aorta are both important factors to
consider when it comes to prophylactic vascu-
lar surgery. While an ascending aortic aneu-
rysm of 5.0 cm may merit urgent repair in a
young patient with Marfan’s syndrome [40],
an aneurysm stable at 5.0 cm for 3 years in an
elderly person with well controlled blood pres-
sure is unlikely to rupture.

Patients who have been treated with sur-
gery and/or endovascular stent grafting war-
rant similar follow-up to those whose initial
treatment was limited to medical treatment.
Aortic expansion, dissection, and rupture both
at surgical suture site and at a distance are
common in survivors of type A dissection.
Meticulous attention to blood pressure control
and serial imaging are just as relevant to op-
erative survivors as for patients in early stages
of aortic pathology.

Conclusions

Considering both the aging patient population
in Western societies with prolonged survival
despite hypertension and the better diagnostic
strategies available to more patients, both car-
diology and the cardiovascular community
face an increasing incidence of acute and
chronic aortic problems such as dissection,
aneurysm, intramural haematoma, ulcera-
tions, and traumatic lesions, that desperately
need to be stratified using both early biomark-
ers of a dissecting process and functional im-
aging of the aortic wall. At this pivotal point in
time, an elevated level of awareness in clinical
cardiology and the availability of modern
1imaging technology should trigger the interest
in diagnosing and treating the complex of
acute aortic syndromes similar to previous ef-
forts in acute coronary syndromes. Cardiolo-
gists should improve diagnostic pathways and
vascular staging in acute and chronic aortic
diseases, form regional referral networks and
allocation systems, and utilize uniform follow-
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up programs. Moreover precise definitions of
pathology using clear semantics should be
integrated into prospective registries of aortic
diseases by a multidisciplinary team of physi-
cians in an attempt to validate previous retro-
spective observations and to make the best use
of evolving diagnostic and endovascular treat-
ment strategies. Finally, cardiologists are in
need of credible prognostic models that can
support decisions for individual patient care
independent of investigators, at different
times, and in worldwide locations.
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