Endovascular management of chronic post-dissection aneurysms
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Open repair is still the gold standard in acute type A dissection. Endovascular repair is advocated for
complicated acute type B dissections. Recent evidence also supports the role of endovascular repair in a
larger proportion of uncomplicated acute type B dissections. The role of endovascular repair in chronic
post-dissection aneurysms, however, is still unclear. Most commonly, post-dissection aneurysms involve
the thoracoabdominal aorta, making the use of fenestrated/branched stent-grafts to achieve complete
aneurysm exclusion mandatory. These fenestrated/branched stent-grafts have been used with success
in atherosclerotic thoracoabdominal aortic aneurysms (TAAAs). In chronic post-dissection aneurysms,
however, additional technical challenges arise. The usually narrow true lumen makes the use of branches
more tedious and overall planning difficult. A second technical challenge relates to the fact that visceral
branches can also originate from the false lumen. In such cases, perforation of the stiff chronic dissection
flap is required to obtain access to the vessel. During the period January 2010 to November 2013, 17
patients (13 males, mean age 65+7.8 years) with chronic thoracoabdominal aneurismal degeneration
following acute dissection were treated in our department with the use of fenestrated/branched stent-
grafts. Technical success was achieved in all cases (100%). Perioperative mortality was two (11.8%)
patients. One patient died due to multiple organ failure and one due to cardiac failure. No case of
paraplegia was observed. During a 12-month median follow-up (range, 4-28 months) no aneurysm-related
deaths were observed. Reintervention was required in three cases to repair a type Ib endoleak from a
side branch. Endovascular treatment with fenestrated/branched stent-grafts is feasible for chronic post-
dissection aneurysms. Standard thoracic stent-grafting is an option in a minority of patients, when the
aneurysm is limited to the thoracic segment. Fenestrated and branched devices can successfully be used for

aneurysms extending to the thoracoabdominal aorta.
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Introduction

Although rare, aortic dissection is one of the most feared
diseases of the aorta, associated with high mortality and
morbidity especially in the acute setting (1-4). According
to the Stanford classification system, 60% of dissections
are classified as type A and the remaining 40% as type B (2).
Surgery is the treatment of choice for patients with type
A dissections, in order to treat or prevent common lethal

complications such as aortic rupture, stroke, visceral
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ischemia, cardiac tamponade and circulatory failure.
The treatment rationale for type B dissections is more
controversial. Type B dissections are usually classified as
acute (<14 days) or chronic (>14 days) according to the
onset of symptoms. Medical treatment was long considered
the treatment of choice for acute uncomplicated type B
dissections, but newer insights seem to favor endovascular
repair in a larger proportion of uncomplicated acute type
B dissections (5). Treatment in the acute phase is clearly
advocated for dissections complicated by rupture, abdominal

Ann Cardiothorac Surg 2014;3(3):307-313



308 Oikonomou et al. Endovascular treatment of post-dissection aneurysms

end-organ ischemia, lower limb ischemia, persistent pain,
and refractory hypertension (4,6). Endovascular treatment is
an established method in the treatment of acute complicated
type B dissections, with several studies suggesting that
endovascular management provides better survival than
open surgery (7-10). However, the role of endovascular
repair in the treatment of chronic dissection remains, less
clear.

Natural history of aortic dissection

A proportion of patients surviving an acute aortic dissection
will develop chronic post-dissection aneurysms that will
need further treatment.

Mid- and long-term survival estimates of patients
successfully treated for acute type A dissection are improving,
with recent reported 1-year survival estimates of 90-97.7%
and 5-year estimates of 76-88.2% (11,12). Patent false lumen
in descending aortic segments after surgical treatment of type
A dissection is common, with reported median aortic growth
rates varying from 1 to 3.7 mm/year (13,14). In a recent
study by Evangelista et a/., 9% of patients with treated type A
dissections required further therapy during follow-up due to
descending aortic dilation (15).

In-hospital outcomes are generally acceptable in patients
with uncomplicated acute type B dissections, 90% of
whom survive to hospital discharge after receiving effective
hypertensive therapy, with 30-day mortality as low as
3.3% (16). A proportion of patients ranging from 20-
40% will develop a post-dissection aneurysm, requiring
interventional management to prevent rupture in 18% of
cases (6,17). Factors associated with secondary aneurysm
formation include initial false lumen diameter and patency
of the false lumen. According to Song er 4/., initial diameter
of the false lumen at the proximal descending aorta of >2
cm predicts aneurysm formation with a sensitivity of 100%
and a specificity of 76% (18). Patency of the false lumen and
especially partial false lumen thrombosis have been studied
in phantom models and are considered to be independent
predictors of aneurysm formation and late adverse outcomes
(4,19). According to Blount ez 4l., aortic diameter growth after
type B dissection occurs at a mean rate of 7.1 mm/year (20).

Mean aortic growth rates after acute type A and B
dissection indicate that post-dissection aneurysm formation is
a long degenerative process occurring over a period of several
years. This process often involves the thoracoabdominal
aorta and is accompanied by extensive aortic remodeling
leading to fibrotic stiffness of the dissection flap and resulting
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in a secondary aneurysm that presents with diverse technical
challenges for treatment.

Treatment of post-dissection aneurysms

The indication to treat a post-dissection aneurysm is almost
exclusively related to aortic dilation. All other indications
for treatment, such as late malperfusion, pleural effusion and
persistent pain are rare and could be included in a category of
subacute symptoms. The treatment goal in chronic dissection
is therefore no different to treating non-dissected aneurysms:
the aneurysm needs to be excluded completely.

Open repair

Open surgical techniques for thoracoabdominal aneurysms
are technically demanding and are associated with high
mortality and morbidity rates. Current literature focusing
exclusively on open surgical repair of secondary post-
dissection aneurysms is sparse. Studies from high-volume
centers including both post-dissecting and atherosclerotic
aneurysms report a 30-day mortality rate of 5-8% with
a paraplegia risk approaching 6-8% (21-24). Renal
complications develop in 17-25% of patients, with up
to 15% requiring hemodialysis. Whilst these results
are acceptable, taking the nature of the pathology into
consideration, they primarily reflect the extensive experience
of the highest volume centers. Analyses of volume-related
outcomes over a wider range of hospitals reveal the “real
world” picture, with overall mortality reaching 22.3%, and
postoperative complication rates exceeding 55% (25).

Due to its major invasiveness, and the associated mortality,
open surgery in the thoracoabdominal aortic segment can
only be justified in patients in reasonably good condition. It
is clear that post-dissection thoracoabdominal aneurysms do
represent an additional technical challenge for the surgeon,
which could result in even higher rates of mortality and
morbidity.

Standard thoracic endovascular aneurysm repair (TEVAR)

In acute and sub-acute dissections, coverage of the proximal
intimal tear seems to promote false lumen thrombosis and
aortic remodeling (26). This treatment option has been
applied in TEVAR for selected post-dissection aneurysms,
but patient selection and indication is not well defined, and
results are heterogeneous (27).

Several studies have reported positive results after
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endovascular repair of chronic type B dissections with early
mortality rates of 0-7.5% (28-31). A recent systematic
review by Thrumurthy ez 4/. demonstrates an overall 30-day
mortality of 3.2% (27). Reported neurologic complication
rates range from 0% to 9% (3,29). Standard TEVAR seems
to excel over open surgery with regard to early mortality
and morbidity.

Mid-term results of standard TEVAR remain, however,
controversial. Individual survival rates vary from 59.1% to
100% in studies with a median follow-up of 24 months (27).
According to Kang et al., postoperative aortic remodeling
(i.e., decrease in aortic diameter) in patients with chronic
dissection seems to be limited to the stent-grafted
segment of the aorta, not influencing the distal untreated
segments (32). A recent report by Mani et 4/. demonstrated
that the rate of aortic remodeling is dependent on the extent
of the aortic dissection and the presence of false lumen
thrombosis. Although total false lumen thrombosis was
achieved in 83% of patients with the dissection confined to
the thoracic aorta, this was the case for only 23% of patients
with dissection extending into the abdomen. Patients with
less than total false lumen thrombosis were more likely
to experience aortic expansion over time, which was the
strongest predictor of mid-term mortality (33). According
to Andacheh et a/., TEVAR is a potential treatment option
for patients with chronic type B dissection. However, many
patients with extension of thoracic dissection into the
infrarenal aorta demonstrated continued aortic dilation and
an increased need for secondary measures for persistent
distal perfusion (34).

In our view, standard TEVAR is a viable approach only
for post-dissection aneurysms limited to the thoracic aorta.
Complete thrombosis of the entire false lumen after standard
thoracic endografting is uncommon in patients with extensive
chronic dissections, mainly due to increasing fibrotic stiffness
of the aortic lamellae that limits the remodeling potential of
the dissected aorta. The purpose of treatment in this case is
a complete exclusion of the aneurysmal degeneration with
sealing of proximal as well as distal entry tears. To achieve
this, a more extensive endovascular approach is required.

Fenestrated and branched TEVAR (F/Br-TEVAR)

In post-dissection aneurysms involving the thoracoabdominal
aorta, complete aneurysm exclusion by endovascular means
requires utilization of fenestrated/branched stent-grafts.
F/Br-TEVAR for thoracoabdominal aortic aneurysms
(TAAAs) was initially limited to a few pioneering centers,
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but is now entering its second decade and has widespread
use in large-volume endovascular centers throughout the
world. The favorable results and durability of fenestrated
and branched grafts for atherosclerotic TAAAs have been
demonstrated in several reports (35-39). Despite the obvious
advantages of F/Br-TEVAR as a less invasive treatment,
operative risks still remain. Mortality has been reported to
be within 5-20%, with the larger series reporting mortality
rates less than 10%. Spinal cord ischemia varies among
published series, and seems to have a more benign profile
compared to open surgery (i.e., later onset, transient).
Renal failure remains a problem and can occur due to intra-
procedural technical errors, late occlusions of renal artery
stent-grafts, and multiple contrast-enhanced CT scans.
F/Br-TEVAR for TAAA is a complex procedure but has
shown encouraging results and has the potential to become
the treatment of choice for non-dissected TAAAs.

Experience with F/Br-TEVAR in the treatment of post
dissection aneurysms has been very limited until recently,
mainly due to the additional technical difficulties when
treating this etiological subgroup of TAAAs. Specific
literature on F/Br-TEVAR in patients with chronic type B
dissection is still sparse (16,40,41).

The most specific feature in this pathology is the narrow
true lumen of the aorta. This needs to be taken into account
when deciding whether to use fenestrations or branches,
and makes it difficult to decide on the orientation of both
fenestrations and branches. Fenestrations require less true
lumen space, but must be catheterized from below and
require more accurate planning with regard to orientation.
In addition, repositioning a fenestrated graft to catheterize
the target vessels can be tedious in a post-dissection
aneurysm. Branched grafts are easier to plan but the
branches require extra room, both for correct deployment
and catheterization. This room usually is lacking in post-
dissection aneurysms, but extra room can be created by
deployment of a tube graft first with a distal landing zone
a few centimeters above the visceral branches of the aorta.
This usually helps to expand the true lumen somewhat.

A second technical challenge relates to visceral branches
originating from the false lumen. This applies particularly
to either of the renal arteries. In order to correctly
catheterize target vessels originating from the false lumen,
the thick chronic dissection flap has to be perforated, or a
re-entry tear found. Several methods can be used to address
the issue: wires with tips that can be stiffened, the back of
a wire, a wire with support of a guiding sheath, or even a
needle to perforate the dissection flap as used in transjugular
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3“ distal
graft design

Time interval TAAA
(months) diameter (mm)

1%'graft
design

2" graft
design

True lumen
(mm)

Pt Initial treatment

2 TEVAR(2x) 32 73

28x15 3 Fen. Bifurcated/CL limb

Tube graft

4 TEVAR 27 68 38x31 Tube graft 3 Fen.; 1 Br. Tube graft

6 Open thoracic 33 71
aorta + TEVAR

27x16 Tube graft 4 Fen. Bifurcated/CL limb

8 TEVAR + EVAR 90 72 25x15 Tube graft 2 Fen.; 2Br. Tube graft

10 None 6 63 35x18 Fenestrated 3 Fen.; 1Br.

arch + tube

Tube graft

12 Open thoracic 23 68
aorta + TEVAR

22x15 Tube graft 3 Fen.;1Br. Tube graft

14  TEVAR 14 88 31x17 Tube graft 3 Fen.;1 Br.  Tube graft

16  Open thoracic 75 27x8
aorta + TEVAR

Tube graft 2 Fen. Bifurcated/CL limb

TAAA, thoracoabdominal aortic aneurysm; TEVAR, thoracic endovascular aneurysm repair; Fen., fenestration; Br., branch; CL,

contralateral; IBD, iliac branched device.

intrahepatic portosystemic shunt procedures.

Nuremberg experience

Our initdal experience with fenestrated/branched grafts to treat
secondary aneurysms has shown favorable early results (40).
During the period January 2010 to November 2013, 17
patients (13 males, mean age 65+7.8 years) with chronic
thoracoabdominal aneurysmal degeneration following acute
dissection were treated in our department with the use of
fenestrated/branched stent-grafts (Table 1). The procedure
was carried out under general anesthesia in all patients.
An adjunct trans-axillary approach was used in 13 (76.5%)
patients. Median operative time was 280 min (range, 130-
420 min) and median estimated blood loss (EBL) 440 mL
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(range, 100-1,000 mL). Median fluoroscopy time was
63 min (range, 24-112 min) and mean iodinated contrast
volume used 213+103 mL. Spinal drainage was applied in
15 (88.3%) patients.

Technical success was achieved in all cases (100%). There
were 2 (11.8%) deaths in the early post-operative period. One
died due to multiple organ failure on the first postoperative
day. Computed tomography angiography (CTA) showed
no signs of target vessel occlusion, but demonstrated renal
and intestinal micro-infarction. The second patient suffered
a deterioration of cardiac function, ultimately resulting in
cardiac failure and death, following a technically successful
procedure. One (5.9%) patient with impaired pre-operative
renal function required permanent dialysis at five months.
Two (11.8%) patients suffered spinal cord ischemia with
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Figure 1 Distal type Ib endoleak from a left renal artery and successful treatment with stent-graft extension. LRA, left renal artery.

temporary paraparesis. No cases of paraplegia occurred.
Median follow-up was 12 months (range, 4-28 months). In
three cases, the length of the bridging covered stent proved
too short after remodeling, resulting in a type Ib endoleak
from a side branch. These were all successfully treated with
a longer bridging stent-grafts (Figure I). Type II endoleaks
were diagnosed in five cases with three of them resolving
spontaneously. No aneurysm-related deaths were observed
during follow-up. Complete false lumen thrombosis at
6-month follow-up was present in 8/11 (72.7%) patients.

Conclusions

The treatment goal in chronic post-dissection aneurysms
is complete exclusion. Endovascular repair offers a viable
alternative to open surgery. Standard TEVAR is feasible for
post-dissection aneurysms limited to the thoracic segment
of the aorta. Thoracoabdominal post-dissection aneurysms
require a more extensive endovascular approach with
fenestrated/branched stent-grafts. In view of the promising
early results, fenestrated/branched stent-grafts may in the
future become the first treatment option for post-dissection
aneurysms.
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