AUS DEM LEHRSTUHL
FUR CHIRURGIE
PROF. DR. HANS JURGEN SCHLITT
DER FAKULTAT FUR MEDIZIN

DER UNIVERSITAT REGENSBURG

OUTCOMES OF FENESTRATED/BRANCHED ENDOGRAFTING IN POST -
DISSECTION THORACOABDOMINAL AORTIC ANEURYSMS

Inaugural -Dissertation
zur Erlangung des Doktorgrades

der Medizin

der

Fakultét fur Medizin

der Universitdt Regensburg

vorgelegt von

Kyriakos Oikonomou

2014



Meinen Eltern



AUS DEM LEHRSTUHL
FUR CHIRURGIE
PROF. DR. HANS JURGEN SCHLITT
DER FAKULTAT FUR MEDIZIN

DER UNIVERSITAT REGENSBURG

OUTCOMES OF FENESTRATED/BRANCHED ENDOGRAFTING IN POST -
DISSECTION THORACOABDOMINAL AORTIC ANEURYSMS

Inaugural -Dissertation
zur Erlangung des Doktorgrades

der Medizin

der

Fakultét fur Medizin

der Universitdt Regensburg

vorgelegt von

Kyriakos Oikonomou

2014



Dekan: Prof. Dr. Dr. Torsten E. Reichert
1. Berichterstatter: PD Dr. Piotr Kasprzak
2. Berichterstatter: Prof. Dr. Christof Schmid

Tag der mindlichen Prifung: 22.12.2014



Inhaltsver zeichnis

Originalarbeit

Einleitung, Zusammenfassung und Schlussfolgerungen
L ebenslauf

Danksagung

Erklarungen

10
28
31

32






Originalarbeit



Eur J Vasc Endovasc Surg (2014) m

Outcomes of Fenestrated/Branched Endografting in Post-dissection
Thoracoabdominal Aortic Aneurysms

K. Oikonomou *°, R. Kopp 2, A. Katsargyris °, K. Pfister 2, E.L. Verhoeven °, P. Kasprzak "

? Department of Surgery, Division of Vascular Surgery, University Hospital Regensburg, Regensburg, Germany
bDepartment of Vascular and Endovascular Surgery, Paracelsus Medical University, Nirnberg, Germany

WHAT THIS PAPER ADDS

To the authors knowledge this is the largest study in the literature on fenestrated/branched endografting for
patients with extensive post-dissection TAAA. The study demonstrates that fenestrated/branched endografting is
feasible and may become a promising alternative in the treatment of this complex type of pathology.

Objectives: Fenestrated/branched thoracic endovascular repair (F/Br-TEVAR) is increasingly applied for
atherosclerotic thoracoabdominal aortic aneurysm (TAAA); however, use in post-dissection TAAAs is still very
limited. Experience with F/Br-TEVAR in the treatment of post-dissection TAAA is presented.

Methods: Data were analysed from prospectively maintained databases including all patients with post-
dissection TAAAs that underwent F/Br-TEVAR within the period January 2010 to July 2013 in two vascular
institutions. Evaluated outcomes included initial technical success, operative mortality and morbidity, late
survival, endoleak, aneurysm diameter regression, renal function, and reintervention during follow-up (FU).
Results: A total of 31 patients (25 male, mean age 65 + 11.4 years) were treated. Technical success was 93.5%
and 30-day mortality 9.6%. Temporary spinal cord ischaemia occurred in four (12.6%) patients, with no case of
permanent paraplegia. Mean FU was 17.0 4 10 months. There were seven late deaths, all aneurysm unrelated.
Estimated overall survival rates were 83.9 £ 6.7, 76.4 £ 7.9 and 71.6 + 8.7% at 6, 12, and 18 months,
respectively. Impairment of renal function occurred in two (6.4%) patients. Endoleaks were diagnosed in 12
patients during FU, including six type IB endoleaks and six type Il endoleaks. Reintervention was required in
seven (22.5%) patients. Mean aneurysm sac regression was 9.3 + 8.7 mm, with a false lumen thrombosis rate of
66.7% and 88.2% for patients with a FU longer than 6 and 12 months respectively.

Conclusions: F/Br-EVAR is feasible for patients with a post-dissection TAAA. Although associated with additional
technical challenges, and a significant need for reintervention, it leads to favourable aneurysm morphologic
changes, and may play a more prominent role in the future for this type of pathology if long-term results confirm

the good initial outcome.

© 2014 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Article history: Received 10 March 2014, Accepted 6 July 2014, Available online XXX
Keywords: Fenestrated, Branched, Aortic dissection, Type B, Post-dissection aneurysm

INTRODUCTION

A large proportion of patients suffering acute aortic
dissection will develop a post-dissection aneurysm,
regardless of type and treatment in the acute setting.'”
This long degenerative process is characterized by exten-
sive remodelling of the aorta and increasing fibrotic stiff-
ness of the intimal flap, resulting in an aneurysm with
specific technical challenges. Open thoracoabdominal
aneurysm (TAAA) repair is very demanding and associated
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with high mortality and morbidity.>* Standard thoracic
endovascular aneurysm repair (TEVAR) can be a viable
approach for secondary aneurysms limited to the thoracic
aorta.” However, as most post-dissection aneurysms involve
both the thoracic and abdominal aorta, complete aneurysm
exclusion is only feasible using fenestrated/branched stent-
grafts.

Fenestrated and branched TEVAR (F/Br-TEVAR) has
demonstrated favourable early and mid-term outcomes for
atherosclerotic TAAAs.° ® However, specific literature on F/
Br-TEVAR in the treatment of patients with post-dissection
TAAAs is still sparse.gf11 Following publication of initial
clinical experience in six patients 2 years ago, extended
outcomes of the technique in 31 consecutive patients
treated with F/Br-TEVAR for post-dissection TAAAs in two
centres experienced in advanced endovascular techniques
are now presented.’
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MATERIALS AND METHODS

Patient population

Prospectively maintained databases from two vascular in-
stitutions were analysed for patients who underwent elec-
tive F/Br-TEVAR for TAAA between January 2010 and July
2013. Patients with chronic thoracoabdominal aneurysmal
degeneration following Type A or Type B dissection
extending through the visceral segment were included in
the study. An aneurysm diameter of 55 mm or greater was
considered an indication for treatment. Informed consent
was obtained for all patients. The study was approved by
the appropriate ethical committees of both institutions.

Operative planning

Preoperative planning was carried out using thin cut
(<1.5 mm) spiral computerized tomography angiography
(CTA) from the chest to the groins on three-dimensional
(3D) workstations featuring multiplanar reconstruction
and centerline of flow analysis. The physical status of all
patients was assessed preoperatively by the American So-
ciety of Anaesthesiologists (ASA) score.

All patients were treated with custom-made branched
and/or fenestrated Cook endografts based on the Zenith
system (William A. Cook Australia, Ltd., Brisbane, Australia).
A variety of endograft configurations was used. A proximal
tube graft was applied in cases of narrow true lumen
(<20 mm), designed with 10—15% oversizing to the prox-
imal thoracic aorta and distal landing zone 2—3 c¢m above
the first targeted visceral artery. The next graft included the
fenestrations and/or branches. Caudally oriented side
branches were preferably used in cases of caudal vessel
take-off and adequate true lumen size (>20 mm) at the
level of the target vessel. Reinforced fenestrations were
applied in patients with small true lumens and when the
target vessel had a 90-degree take-off. In the case of
accessory renal arteries, the decision to revascularize was
determined by the diameter of the artery and the amount
of renal volume dependent on the vessel. Accessory renal
arteries with a diameter <3 mm were overstented.
Branches were secured with self-expandable Fluency stent-
grafts (C. R. Bard, Murray Hill, NJ, USA) in the first institu-
tion. In the second institution, branches were either
secured with balloon-expandable Advanta V12 stent-grafts
(Atrium Medical Corporation-Hudson, NH, USA) or self-
expandable Fluency stent-grafts for stent-graft lengths
>8 mm. Fenestrations were secured with Advanta V12
stent-grafts. In cases of severe angulation of the target
vessel an additional SMART (Cordis, Warren, NJ, USA),
Wallstent (Boston Scientific, Natick, MA, USA) or Zilver
(William A. Cook Australia, Ltd., Brisbane, Australia) self-
expandable bare metal stent was deployed inside the
covered stent to prevent kinking.

Vessels originating from the false lumen were targeted
with fenestrations/branches. A standard catheterization
attempt was first carried out with the support of a guiding
sheath. When unsuccessful, the back of a 0.035-inch
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Terumo wire (Terumo Corporation, Tokyo, Japan) or a
Rosch-Uchida set (William A. Cook Australia, Ltd., Brisbane,
Australia) for transjugular intrahepatic portosystemic shunt
(TIPS) procedures was used to perforate the dissection flap.

Distal sealing was obtained below the level of the
dissection at the level of the distal abdominal aorta, the
common iliac arteries, or the external iliac artery whenever
needed.

Preservation of the left subclavian artery and pelvic cir-
culation was always targeted, to reduce the risk of para-
plegia. This was achieved by the use of carotid—subclavian
debranching or an additional fenestration for the left sub-
clavian artery and the use of an iliac bifurcation device (IBD)
in cases of common iliac artery involvement.

Endovascular procedure

In the first institution procedures were initially carried out
in the operating room with a mobile C-Arm (OEC 9900 Elite,
General Electric Healthcare, WI, USA) and from January
2012 in a hybrid operating room with fixed imaging (Allura
Xper FD20, Philips Medical Systems, Best, The Netherlands).
In the second institution all procedures were carried out in
a hybrid operating room with fixed imaging (Artis Zeego,
Siemens AG, Forchheim, Germany). The main operative
technique has been described in detail previously.? Pa-
tients were treated under general anaesthesia. Heparin-
ization was applied aiming to maintain an activated clotting
time (ACT) of 200—250 s. A spinal catheter was applied in
all cases and spinal fluid was drained from the start of the
procedure until 48—72 hours after completion. For this
duration patients were routinely transferred to the inten-
sive care unit (ICU) and systolic blood pressure was kept
normal to high to increase perfusion of the spine through
the collateral circulation. Access was transfemoral with an
additional left transaxillary approach for caudally oriented
side branches.

To reduce the risk of paraplegia, a staging strategy was
tested in one of the two institutions. One of the branches
was intentionally left unsecured primarily, and a bridging
stent-graft was applied 2—4 weeks after the initial proce-
dure. This strategy was only introduced recently and in a
limited number of patients.

Technical success was defined as an endovascularly
completed procedure with absence of type | or Ill endoleak
and patent target vessels.

Follow-up

Postoperatively, patients were evaluated with clinical and
laboratory examination prior to discharge. Follow-up (FU)
consisted of CTA at 1 month, 6 months, 12 months, and
yearly thereafter. CTAs were carried out using an arterial
and a delayed phase to determine the status of the false
lumen (patent/thrombosed) and the possible existence of
endoleak. Duplex ultrasound (DUS) was additionally applied
to assess the status of vessels targeted with fenestrations/
branches. Renal size measurements were carried out on
CTA 3D reconstruction images as well as DUS examinations.
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Upon suspicion of a new endoleak or target vessel mal-
perfusion digital subtraction angiography (DSA) was carried
out. Serum creatinine and glomerular filtration rate (GFR)
levels were monitored at each visit.

Data analysis

Data analysis was performed with SPSS for Windows
(version 20.0; SPSS Inc, Chicago, IL, USA). Variables are
presented as mean = standard deviation (SD) in the case of
normal distribution, and median plus range if data had a
skewed distribution. Statistical significance was set at
p < .05. Patient survival and target vessel patency was
analysed using Kaplan—Meier methodology.

RESULTS

Patient characteristics

A total of 31 patients (25 male, mean age 65 + 11.4 years)
underwent elective F/Br-TEVAR for post-dissection TAAA.
Twenty (64.5%) patients were classified as ASA I, five
(16.1%) patients as ASA Il and six (19.4%) patients as ASA IV.
Patient demographics are presented in Table 1. Mean pre-
operative GFR was 58.3 + 15.0 mL/min/1.73 m>.

Median interval from the primary acute dissection was 31
months (range 1—176 months). In 22 (71%) patients, the
primary event was a type B dissection, in the remaining
nine (29%) patients a type A dissection. Table 2 demon-
strates the number and type of prior aortic procedures, as
well as the length of aorta covered during the initial pro-
cedure. Of the 24 patients with prior procedures 15 (62.5%)
had been treated in an acute setting while 9 (37.5%) had
been previously treated for chronic dissection.

Mean maximal aneurysm diameter at the time of F/Br-
TEVAR was 65.7 + 8.5 mm. In patients with no previous
proximal aortic reconstruction, the mean length of the
proximal landing zone was 43 £+ 25 mm. Two (6.4%) pa-
tients had a proximal landing zone <20 mm at the level of
the left subclavian artery, and in two (6.4%) patients the
aneurysmal degeneration reached the iliac artery bifurca-
tion. Table 3 shows aneurysm diameter, true lumen diam-
eter at the level of the celiac trunk, and the origin of all
target vessels (true or false lumen).

Table 1. Patient comorbidities and prior acute events.

Comorbidity risk factor Patients N (%)
CAD 20 (64.5)

Congestive heart failure 10 (32.3)
Hypertension 27 (87)
Chronic obstructive pulmonary disease 17 (54.8)
Smoking (current or past) 22 (70.9)
Diabetes mellitus 4 (12.9)
Hypercholesterolemia 25 (80.6)
Serum Cr > 100 pmol/L 10 (32.3)
Previous stroke/transient ischaemic attack 2 (6.4)
Marfan syndrome 1(3.2)
Acute event

Type A dissection 9 (29.0)
Type B dissection 22 (71)

Table 2. Previous aortic procedures and length of aortic coverage
distal to the left subclavian artery during these procedures.

Previous aortic procedures Patients N (%)

No procedure 7 (22.5)
1 procedure 9 (29.0)
2 procedures 12 (38.7)
3 procedures 3 (9.6)
Type of previous procedure

Ascending aortic repair 1(3.2)
Ascending aortic and arch repair 6 (19.4)
Elephant trunk procedure 1(3.2)
Frozen elephant trunk procedure 1(3.2)
Descending aortic repair 5 (16.1)
TEVAR 21 (67.7)
Abdominal aortic repair 3 (9.6)
EVAR 4 (12.9)
Length of coverage from LSA

No coverage (no previous repair) 7 (22.5)
5—10 cm 3 (9.6)
11—15 cm 4 (12.9)
16—20 cm 10 (32.3)
>20 cm 7 (22.5)

Operative planning and details

In all patients, composite fenestrated/branched systems
were applied. The composite system consisted of a thoracic
component followed by a tube graft containing the fenes-
trations/branches in 11 (35.4%) patients. In the remaining
20 (64.5%) patients an additional Zenith bifurcated graft
and a contralateral limb were used. Two (6.4%) patients
with common iliac artery aneurysms and extension of the
dissection into the external iliac artery were treated with
composite systems featuring a unilateral IBD. In two (6.4%)
patients with an inadequate proximal landing zone the left
subclavian artery was preserved by means of carotid—sub-
clavian bypass in one patient and an additional subclavian
fenestration in the second patient.

In total 113 visceral vessels (57 renal arteries, 2 accessory
renal arteries, 31 superior mesenteric arteries and 23 celiac
arteries) were targeted, 78 with fenestrations and 35 with
downward branches. Target vessel revascularization is
demonstrated in Table 3. Target vessels were dissected
prior to F/Br-EVAR in five out of 113 cases. An additional
self-expandable bare metal stent was applied in 27 of the
113 (23.8%) targeted vessels. These were Smart stent in 11
(9.7%), Wallstent in 10 (8.8%) and Zilver stent in the
remaining six (5.3%) cases. Thirteen vessels were not tar-
geted. Eight of these vessels (5 renal arteries and 3 celiac
arteries) were primarily occluded. In one case the celiac
artery had been overstented and in one debranched to the
superior mesenteric artery in a previous external attempt to
treat the aneurysm with a standard thoracic endograft. Two
celiac arteries were severely stenosed and were over-
stented. In one case a planned surgical reimplantation of
the celiac artery onto the superior mesenteric artery (SMA)
was carried out during the procedure via an upper midline
incision because of a very sharp caudal vessel take-off with
extremely narrow true aortic lumen, which made planning
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Table 3. Dissection characteristics with specification of true lumen size at the level of the coeliac.

Patients  An diam  TL diam (mm) RRA TL/FL  LRA
(mm)

1 72 11 x 22 Fen FL Fen
2 73 15 x 28 Fen FL Fen
3 64 48 x 64 Branch TL

4 68 31 x 38 Fen TL Fen
5 67 8 x 21 Fen TL Fen
6 71 16 x 27 Fen TL Fen
7 67 38 x 27 Fen TL Fen
8 72 15 x 25 Fen TL Fen
9 63 12 x 23 Occl Fen
10 63 18 x 35 Fen TL Fen
11 70 17 x 50 Fen TL Fen
12 68 15 x 22 Fen TL Fen
13 55 15 x 20 Branch TL Occl
14 88 17 x 31 Fen TL Fen
15 60 11 x 28 Fen TL Fen
16 75 8 x 27 Occl Fen
17 55 25 x 25 Fen TL Occl
18 74 8 x 30 Fen TL Fen
19 68 20 x 20 Fen TL Fen
20 55 12 x 20 Fen FL

21 55 12 x 25 Fen TL Fen
22 81 50 x 70 Branch TL

23 55 35 x 35 Branch TL Occl
24 55 12 x 26 Fen TL Fen
25 58 10 x 22 Fen TL Fen
26 55 13 x 29 Fen TL Fen
27 74 9 x 22 Fen TL Fen
28 67 14 x 30 Branch FL Fen
29 70 10 x 28 Branch TL

30 60 20 x 30 Fen TL Fen
31 58 25 x 25 Fen TL Fen

Branch

Branch

Branch

Branch

TL/FL SMA TL/FL CA TL/FL Distal graft

TL Branch TL Occl Bifurc

TL Fen TL Sten TL Bifurc

TL Branch TL Branch TL Tube

TL Fen TL Branch TL Tube

FL Fen TL Reimpl TL Bifurc/IBD

FL Fen TL Fen TL Bifurc

TL Branch TL Occl Bifurc/IBD

TL Branch TL Branch TL Tube

TL Fen TL Fen TL Tube

TL Fen TL Branch TL Tube

TL Branch TL Branch TL Tube

TL Fen TL Branch TL Tube
Branch TL Occl Bifurc

TL Fen TL Branch TL Tube

TL Fen TL Branch TL Bifurc

TL Fen TL Sten Bifurc
Fen Debr Bifurc

TL Fen TL Fen TL Bifurc

TL Fen TL Fen TL Tube

FL Branch TL Branch TL Bifurc/IBD

FL Fen TL Fen TL Bifurc

TL Branch TL Branch TL Bifurc
Branch TL Branch TL Bifurc

TL Fen TL Fen TL Bifurc

TL Branch TL Branch TL Bifurc

TL Fen TL Fen TL Tube

TL Fen TL Overst Tube

TL Fen TL Fen TL Bifurc

FL Branch TL Branch TL Bifurc

TL Fen TL Branch TL Bifurc

TL Fen TL Fen TL Bifurc

Note. Artery is the origin of target vessels and fenestrated/branched stent-graft design. An = aneurysm; Diam = diameter; TL = true
lumen; RRA = right renal artery; FL = false lumen; LRA = left renal artery; SMA = superior mesenteric artery; CA = celiac artery;
Fen = fenestration; Occl = occluded; Bifurc = bifurcated; Sten = stenosis; Reimpl = reimplantation; IBD = iliac branched device;

Debr = previous debranching; Overst = previous overstenting.

of a fenestration or branch very problematic. A staged
approach was applied in three (9.7%) patients.

The procedure was carried out under general anaesthesia
in all patients. A transaxillary approach was used in 17
(54.8%) patients. Median operative time was 320 minutes
(range 130—690 minutes) and median estimated blood loss
(EBL) 600 mL (range 100—3000 mL). Median fluoroscopy
time was 66 minutes (range 24—112 minutes) and mean
iodinated contrast volume used 255 4 107 mL (iodine
concentration 300 mg/mL).

Technical success and operative outcome

Technical success was achieved in 29 out of 31 (93.5%)
patients. In one patient the fenestrated component was
deployed into the false lumen, resulting in acute occlusion
of the celiac and the superior mesenteric arteries. A lapa-
rotomy was carried out, followed by a prosthetic bypass
from the right iliac artery to the superior mesenteric, he-
patic, and splenic arteries. In the second patient catheter-
ization of a highly angulated left renal artery originating
from the false lumen was not feasible through femoral

access. This patient had a stent-graft featuring a branch for
the celiac artery, which was primarily left unsecured for
paraplegia prevention. Catheterization of the left renal ar-
tery by a transbrachial approach during the second stage of
the procedure was planned.

Three early deaths occurred, accounting for a 30-day
mortality of 9.7%. The first patient developed multiple or-
gan failure on the first postoperative day after an un-
eventful endovascular procedure with complete exclusion
of the aneurysm and patent target vessels on the comple-
tion angiogram. Computed tomography angiography (CTA)
showed no sign of target vessel occlusion, but demon-
strated renal and intestinal microinfarction. The second
patient suffered a deterioration of cardiac function
following a technically successful procedure, ultimately
resulting in cardiac failure and death. Finally, the third case
involved the patient with the unsuccessful renal artery
catheterization. During the second procedure via a trans-
brachial approach he suffered a perforation of the left
subclavian artery, resulting in mediastinal bleeding and
death.
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Major complications occurred in five (16.1%) patients.
Four (12.9%) suffered temporary spinal cord ischaemia with
paraparesis (n = 2) or paresis of one limb (n = 2). All four
patients had patent subclavian and internal iliac arteries. In
one of these patients spinal cord ischaemia occurred
despite staged treatment with a graft featuring an unse-
cured branch for paraplegia prevention. This patient
developed transient paraparesis after the second proce-
dure, which resolved with spinal cord drainage and blood
pressure regulation. All patients recovered fully until the
time of discharge. Finally, one (3.2%) patient required
temporary dialysis. This patient had previous open surgery
which had resulted in paraparesis and impaired renal
function. Renal function recovered after 6 weeks. His par-
aparesis did not worsen after the endovascular procedure.
This patient stayed in hospital for 37 days. No other case of
renal function deterioration >30% was witnessed in the
early postoperative period. Mean postoperative GFR was
55.7 + 15.7 mL/min/1.73 m°.

Median hospital stay was 12 days (range 7—37 days) and
median ICU stay 3 days (range 1—30) days.

Follow-up

Mean FU was 17.0 + 10 months. Estimated overall survival
rates were 83.9 + 6.7, 76.4 = 7.9 and 71.6 + 8.7% at 6, 12,
and 18 months, respectively (Fig. 1). All-cause late mortality
during FU was seven patients, all aneurysm unrelated. In
three cases, patients were preoperatively classified as ASA IV.

During FU two cases of target vessel occlusion occurred.
In the first patient the left renal artery, originally targeted
with a branch and secured with a Fluency stent-graft,
occluded at 2 months, following a deterioration of his
pre-existing congestive heart failure with prolonged hypo-
tension. The second patient had a small renal artery

0.8

0.6

0.4

Cumulative patient survival (%)

0.29

0.0

.00 6.00 1200 1800 24,00
Follow Up Duration (months)

Figure 1. Kaplan—Meier estimate of the cumulative overall patient

survival for all-cause mortality during follow-up.

originating from the false lumen, perfusing a smaller kidney.
This vessel had been targeted with a fenestration. The pa-
tient presented with an asymptomatic occlusion at 6
months. Cumulative target vessel patency at 6 months was
97.8 + 1.1% (Fig. 2). No other target vessel occlusion or
haemodynamically significant stenosis was visualized on
DUS or CTA during FU. Renal function and kidney size
remained unchanged in 26 out of 28 (92.8%) patients sur-
viving the early postoperative period. In two patients, late
renal function problems occurred: The first patient suffered
from chronic kidney disease prior to the procedure and
became dialysis dependent following occlusion of his left
renal artery. The second patient requiring temporary dialysis
after the procedure became dialysis dependent again 5
months postoperatively. Mean GFR during FU was
53.8 + 9.7 mL/min/1.73 m>.

Endoleaks were detected in 12 patients during FU. Type
Ib endoleaks were detected in 6 (19.3%) patients. Three
(9.6%) of these patients had a type Ib endoleak from the
distal sealing zone in the left renal artery. In one of these
patients the left renal artery was dissected prior to F/Br-
EVAR. One (3.2%) patient had distal type Ib endoleaks
from both renal arteries. These vessels were also primarily
dissected. One (3.2%) patient had distal type lb endoleaks
from the superior mesenteric and the right renal artery. In
all patients vessels had been secured with Advanta V12
stent-grafts and with an additional self-expanding stent to
tape the dissection flap in the case of primarily dissected
vessels. The sixth patient had a distal type lb endoleak
originating from a dissected left common iliac artery. The
remaining six (19.3%) patients had type Il endoleaks from
the inferior mesenteric (n = 3) and lumbar (n = 3) arteries.

In total, 10 patients required reintervention, including the
three patients that underwent planned staged procedures.

1.0 ey

0.87

0.6

0.4

0.2

Cumulative Target Vessel Patency (%)

0.0

T T T T T
.00 6.00 12.00 18.00 24.00

Follow Up Duration (months)
Figure 2. Kaplan—Meier estimate of the cumulative target vessel

patency during follow-up.
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Seven (22.5%) patients required unplanned reintervention.
Five of the six patients with a distal type lb endoleak were
successfully treated with extension of the balloon-
expandable covered stent into the target visceral vessel
(Fig. 3). The sixth patient with a type Ib endoleak from the
left iliac artery underwent two reinterventions. The endo-
leak was initially treated with an IBD in the left internal iliac
artery. Upon persistence of the endoleak over the also
dissected internal iliac artery, the IBD was embolized and a
bypass from the ipsilateral external to the internal iliac ar-
tery was carried out. Finally, the seventh case involved a
patient with an extensive type Il endoleak from a lumbar
artery who underwent embolization 6 months post-
operatively. Reintervention times are demonstrated in
Table 4.

Of the 24 patients that completed a 6-month FU, com-
plete false lumen thrombosis was noted in 16 (66.7%) pa-
tients. At 1 year, false lumen thrombosis was seen in 15 out
of 17 (88.2%) patients. Mean aneurysm sac regression
during FU was 9.3 £ 8.7 mm. Initial sac enlargement was
noted in six of the seven patients requiring reintervention.
Successful treatment of type Ib endoleaks led to false
lumen thrombosis and sac regression. Aneurysm sac
behaviour in patients that completed a 12-month FU is
demonstrated in Table 5.

K. Oikonomou et al.

DISCUSSION

A rigorous FU is required following an acute thoracic aortic
dissection, regardless of primary treatment. In our series 24
out of 31 (77.5%) of patients had underwent one or more
previous procedures, 62.2% of patients had been treated in
the acute setting. Although this is a selected patient pop-
ulation, this could reflect the increased need for future
intervention as survival of patients with acute dissection
improves.

Open repair of post-dissection TAAA poses serious tech-
nical problems and significant risk for the patient. Studies
from specialized, high-volume centres including both post-
dissection and atherosclerotic TAAAs report a 30-day mor-
tality rate of 5—8% with a paraplegia risk approaching 6—
8% after open thoracoabdominal repair.***** Renal com-
plications develop in 17—25% of patients with up to 15%
requiring haemodialysis. These results reflect the extensive
experience of high-volume centres. Analysis 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%.%"°

Although fenestrated and branched grafts are increas-
ingly used for atherosclerotic TAAAs, their use for post-

Figure 3. Persistent type lb endoleak from the left renal artery (A) over a renal side branch. The endoleak was treated by implantation of an
Atrium Advanta V12 stent-graft into the distal portion of the artery (B). Computed tomography angiography prior to (C) and 1 year after (D)
the reintervention show complete thrombosis of the false lumen and aneurysm sac regression.
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Outcomes of Fenestrated/Branched Endografting

Table 4. Type of endoleak and reintervention time.

Endoleak type Time of reintervention

(months)

Ib LRA 7

Ib LRA 14

Ib LRA 9

Ib RRA, SMA 4

Ib RRA, LRA 2

Ib CIA 5;12

Il Lumbar artery 6

LRA = left renal artery; RRA = right renal artery; SMA = superior
mesenteric artery; CIA = common iliac artery.

dissection TAAA is limited to a few specialized centres, due
to the rarity of cases and added technical complexity of F/
Br-TEVAR in chronic dissection. This series suggests that F/
Br-EVAR can be feasible in patients with post-dissection
TAAA. Technical success was high and early mortality
comparable to published results on F/Br-EVAR for non-post-
dissection TAAAs.” Despite the significant rate of temporary
spinal cord ischaemia, no case of permanent paraplegia was
noted. The renal complication rate was low. Target vessel
patency remained high and no aneurysm related mortality
was noted during FU. Notably, three of seven late deaths
occurred in patients preoperatively classified as ASA 1V,
underlining the need for a cautious approach in patients
with severe comorbidities. To the author’s knowledge this is
the largest study in the literature on F/Br-TEVAR for pa-
tients with extensive post-dissection TAAA. Apart from the
authors previous report, there is one more paper featuring
30 patients with smaller focal (n = 15) and extensive
(n = 15) dissections.”*°

Despite the promising initial outcome, additional diffi-
culties in planning and execution of the procedure have to
be expected. Typically, the true lumen in post-dissection
TAAAs is oblique and narrow. Fenestrated devices might
therefore seem more suitable, since they require less space
for deployment than branched devices. Placing of the clock
positions on fenestrations can however be problematic, as
one should take into account the highly compressed true
lumen. Deployment of the device usually results in expan-
sion of the true lumen and subsequent rearranging of target

Table 5. Aneurysm sac behaviour in relation to thrombosis of the
false lumen in patients with a 12-month follow-up.

False lumen thrombosis Total
Yes No
Decrease 13° (76.4%) 1° (5.9%) 14 (82.3%)
(<=5 mm)
Stable (=5 mm 2 (11.8%) 1° (5.9%) 3 (17.6%)
to 5 mm)
Increase 0 0 0
(>5 mm)
Total 15 (88.2%) 2 (11.8%) 17 (100%)

? Five patients with initial sac expansion after F/Br-EVAR.
Following reintervention complete false lumen thrombosis and
aneurysm sac regression.

b patients with a type Il endoleak from lumbar arteries.

vessel ostia. On the other hand, branches are easier to plan
and facilitate catheterization of target vessels with a sharp
take-off over a transaxillary access. In order to create
enough working space for the placement of a branched
device, a long proximal stent-graft is applied landing distally
2—3 cm above the orifice of the celiac artery. Kitagawa
et al.’® propose staging the procedure for ~2 months to
allow for expansion of the true lumen. In this series, pre-
conditioning of the false lumen with a proximal component
was not staged. Our strategy was to apply a moderate
oversizing of 10—15% to the proximal aorta and remodel
the true lumen only partially. Whether a more aggressive
oversizing and a staged approach might offer advantages is
a point to follow in future reports.

Another dissection-specific difficulty relates to visceral
branches originating from different lumina. In such cases,
catheterization of target vessels can be achieved by perfo-
rating the dissection flap with a needle (e.g. TIPPS needle)
or the stiff end of a wire, in conjunction with a guiding
sheath.

The choice of landing zone can also be problematic in
post-dissection TAAA. In cases where a prior surgical or
endovascular landing zone has successfully been created
during a previous procedure, no issues with proximal seal-
ing, fixation, or migration are to be expected. When this is
not the case, it is mandatory to preserve flow in the sub-
clavian artery to diminish the risk of paraplegia. The same
issue arises at the level of the iliac arteries. When necessary,
the distal sealing zone should include the iliac bifurcation,
while ensuring flow into the internal iliac artery by the use
of an IBD. Applying this strategy, no case of permanent
paraplegia was noted in this series. However, spinal cord
ischaemia obviously remains a consideration when carrying
out extensive endovascular thoracoabdominal repair.

Finally, the increased need for reintervention should be
noted. In two of five patients presenting with type Ib
endoleaks from visceral vessels, these were dissected prior
to F/Br-EVAR. Endoleaks occurred despite primary implan-
tation of an additional self-expanding stent into the
dissected vessel, indicating that especially when the
dissection progresses deep into a target vessel, retrograde
aneurysm perfusion through the false lumen may require
multiple procedures to treat. In the case of post-dissection
TAAAs, a longer initial sealing zone into the target vessel
seems to be mandatory than in atherosclerotic TAAAs.
Regarding type Il endoleaks, these should be expected but
have a benign course and spontaneously seal over time,
similar to atherosclerotic aneurysms. Ultimately, the false
lumen thrombosis rate after reintervention was high in
patients that completed a 12-month FU, indicating that F/
Br-EVAR could be a durable treatment option for post-
dissection TAAAs.

This study has some limitations. The number of patients
and duration of FU are limited. This is a selected patient
population and a certain referral bias has to be acknowl-
edged. Finally, this study reflects the outcomes of two high-
volume centres for F/Br-TEVAR.
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In conclusion, F/Br-EVAR shows promising results and
could play a more prominent role in the future in patients
with post-dissection TAAA. It is nevertheless associated with
additional technical challenges and requires rigorous FU in
the light of the increased need for reinterventions. Larger
series and longer FU are needed to confirm the good initial
outcome.
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EINLEITUNG, ZUSAMMENFASSUNG UND SCHL USSFOL GERUNGEN DER
PUBLIKATION ,,OUTCOMES OF FENESTRATED/BRANCHED ENDOGRAFTING
IN POST-DISSECTION THORACOABDOMINAL AORTIC ANEURYSMS*
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1 Einleitung
1.1 Einfdhrung

Im Jahre 1760 beschrieb Dr Nicholls,der Leibarzt von Konig Georg 1l, im Rahmen einer
Autopsie ertsmalig eine Aortendissektion. In den letzten 200 Jahren hat sich unser Wissen
und Verstéandnis der akuten und chronischen Aortensyndromen erweitert. Nichtsdestotrotz
stellt die Behandlung der Aortendissektion sowohl im akuten als auch im chronischen

Stadium weiterhin eine Herausforderung dar.

1.2 Definition und Pathophysiologie

Die Gefél3wand der Aorta besteht aus drei Schichten, der Tunica adventitia, Tunica media
und Tunicaintima. Als Aortendissektion wird ein Defekt der Aortenintima bezeichnet, durch
den es zu einer Separation von Intima und Tunica media kommt. Das resultiert in
Bluteinstrom in den Intimaeinriss und nachfolgend zur Bildung eines zweiten falschen
Aortenlumens. Anhand der Lokalisation des Intimaeinrisses werden Aortendissektionen nach
der Stanford Klassifikation in Typ A, bel Lokalisation in der Aorta ascendens, und Typ B, bel

Lokalisation distal der linken Arteria subclavia, unterschieden.

Die Ursache fur diesen Einrissin die Aortenintimaist eine Mediadegeneration oder zystische
Medianekrose Y. Alle Mechanismen, die zu einer Schwachung der Mediaschicht fiihren,
verursachen eine erhdhte Wandspannung und kénnen in eine Dilatation, oder intramurale
Einblutung und Dissektion resultieren. Die Faktoren, die in eine Dissektion kulminieren, sind
divers. Dabei spielt die arterielle Hypertonie mit konsekutiver Intimaverdickung,

Fibrosierung und Kalzifizierung eine wesentliche Rolle. Die vermehrte Degradation der
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extrazelluldren Matrix beim Hypertoniker ist mit Apoptose und Elastolyse des Kollagens
assoziiert. Nachfolgend kann es zu einem Einriss der Intima kommen, insbesondere am
Rande von Plaques ®?. Vererbte Bindegewebserkrankungen wie das Marfan-Syndrom, das
Ehlers-Danlos-Syndrom,  die bikuspide Aortenklappe und die familiare Form von
Aortenaneurysmen konnen ebenfalls zu einer Aortendissektion fuhren. Der gemeinsame
pathophysiologische Mechanismus bel diesen Erkrangungen ist die Degradation und
Nekrotisierung der glatten Muskelzellen und die Elastolyse der Aortenwandkomponenten, die

Schwachung und Einriss der Intimaals Folge haben konnen .

Die Proggression der intimo-medialen Separation kann antegrad oder retrograd unter
Einbezug von aortalen Seitenésten erfolgen und fihrt zu einer Vielfalt von moglichen
Komplikationen wie z.B. Mal perfusionssyndromen, Perikardtamponade,

Aortenklappeninsuffizienz bis hin zur Aortenruptur ©.
1.2 Behandlung und Prognose der akuten Aortendissektion

Eine akute Typ A Dissektion ist mit einer Mortalitét von 1% bis 2% pro Stunde und von ca
50% innerhalb der ersten 48h behaftet ©®. Die haufigsten Todesursachen sind Aortenruptur,
cerebrale Ischamien, Perikardtamponade, Linkksherzinsuffizienz und viszerale Ischamie.
Hier ist die moglichst rasche Diagnose von entscheidender Bedeutung. Die unverzigliche

operative Sanierung ist die Therapie der Wahl.

Die Typ B Dissektion ist vergleichsweise mt einer geringeren Frihletalitdt assoziiert.
Unkomplizierte Typ B Dissektionen weisen eine 30-Tages-Mortalitét von 10% auf ©. Die
medikamentdse Behandlung mit aggressiver Blutdrucksenkung ist bis dato allgemein
akzeptiert. Die endovaskuldren Techniken haben sich im Fall einer komplizierten Typ B
Dissektion mit Ruptur, Malperfusionssyndrom, refraktérer Hypertonie und persistierendem

Schmerz durchgesetzt "®. Neuere Daten von randomisierten Studien weisen allerdings darauf
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hin, dass auch die primdre endovaskuldre Versorgung von unkomplizierten Typ B
Dissektionen zu einer Thrombosierung und Remodellierung des falschen Lumens fihren
kann und somit einen gunstigen Einfluss auf die Krankheitsprogression und Spatmortalitéat

hat 919,

Die 10-Jahres-Uberlebensrate von Patienten mit Aortendissektion betragt 30-60% 12,
Mogliche Spétkomplikationen nach akuter Dissektion sind die Progression der Dissektion,
das Auftreten einer neuen Dissektion und vor allem die aneurysmatische Erweiterung der
dissezierten Aorta. Nahezu 25% der Patienten mit einer akuten Dissektion entwickeln ein

sekundéres behandlungsbedirftiges Aneurysma unabhangig von der priméren Behandlung

(11

1.3 Chronische post-Dissektion Aneurysmen

Die aneurysmatische Erweiterung nach Aortendissektion ist ein chronischer Prozess, der mit
einer ausgedehnten Remodellierung der Aorta und einer zunehmenden Fibrosierung der
dissezierten Intimamembran assoziiert ist. Aufgrund der meistens thorakoabdominellen
Ausdehnung von Aortendissektionen, fuhrt dieser Vorgang zur Formation eines Aneurysmas,

das sich oft Uber das viszerale Segment erstreckt.

Die Indikation zur Behandlung eines chronischen post-Dissektion Aneurysmas beruht
ausschliefdlich auf dessen Durchmesser. Andere Indikationen zur Behandlung, wie
Malperfusion oder refraktérer Schmerz sind im Rahmen einer chronischen Dissektion aulRerst
selten. Daraufhin soll auch das Therapiekonzept fur chronische post-Dissektion Aneurysmen,
dhnlich wie bei atherosklerotischen Aneurysmen, sich auf die komplette Exklusion der

aneurysmatischen Erweiterung orientieren.

13



1.4 Konventionelle Therapie von post-Dissektion Aneurysmen

Konventionelle chirurgische Techniken fir thorakoabdominelle Aneurysmen (TAAAS) sind
technisch anspruchsvoll und mit hoher Mortaité und Morbiditdt assoziiert. Aktuelle
Literatur, die sich ausschlieffdlich mit der offenen chirurgischen Behandlung von sekundéren
post-Dissektion Aneurysmen befasst, ist spéarlich. Studien aus speziaisierten Kliniken die
sowohl post-Dissektion als auch atherosklerotische Aneurysmen beinhalten, berichten tber
eine 30-Tages-Mortalitdt von 5-8% und ein Queschnittslahmungrisiko von 6-8% 19,
Renale Komplikationen tretten in 17-25% der Patienten auf, mit einer postoperativen
Hamodialyserate von bis zu 15%. Diese Ergebnisse sind akzeptabel, widerspiegeln
allerdings die Erfahrung von ,,high-volume® Zentren. Bei der Datenanalyse der kumulativen
Ergebnisse von Kliniken mit unterschiedlichem Patientenvolumen ergibt sich eine gesamte

Frithmortalitét von 22.3% und eine postoperative Komplikationsrate von mehr al's 55% 7).

Aufgrund seiner grof3en Invasivitéd und der damit verbundenen Mortalitét und Morbiditét,
kann ein offener Eingriff in dem thorakoabdominellen Segment nur bei Patienten ohne
wesentlichen Vorerkrangungen gerechtfertigt werden. Insbesondere post-Dissektion
Aneurysmen stellen im Vergleich zu atherosklerotischen Aneurysmen zusétzliche technische
Herausforderungen. Aus diesem Grund ist bel dieser Art von Aortenpathologie eine noch

hohere Mortaitét und Morbiditét zu erwarten.
1.5 Standard thorakale endovaskulare Versorgung (TEVAR)

Die Ergebnisse von TEVAR fur post-Dissektion Aneurysmen sind heterogen. In mehreren
Studien werden gute Friihergebnisse von TEVAR berichtet mit einer Frihmortaitat von O-

7.5% &2 Eine systemische Analyse von Trumurthy et a. zeigt eine kumulative 30-Tages-
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Mortalitit von 3.2% @Y. Die neurologische Komplikationsrate betragt 0-9%. Die
perioperativen Ergebnisse von standard TEVAR sind insofern der konventionellen Operation

Uberlegen.

Mittelfristige Ergebnisse von TEVAR bleiben jedoch umstritten. Uberlebensraten variieren
von 59.1% bis 100% in Studien mit einem medianen Follow-Up von 24 Monaten ?Y. Kang et
al. haben neulich demonstriert, dass die Regression des Aneurysmadurchmessers, lediglich
auf das gestentete Aortensegment beschrankt ist. Distale, unbehandelte Segmente werden von
TEVAR nicht beeinflusst ®?. Eine aktuelle Versffentlichung von Mani et a. zeigt, dass die
Remodellierung der dissezierten Aorta abhangig von dem Ausmald der Dissektion und der
Thrombosierung des falschen Lumens ist. Obwohl bei einer thorakal lokalisierten Dissektion
diese Thrombosierung in 83% der Patienten mittels TEVAR erzielt werden kann,ist dies der
Fall lediglich bei 23% der Patienten mit ausgedehnten thorakoabdominellen Dissektionen 2.
Nach Andacheh et a. ist TEVAR eine Behandlungsoption bei post-Dissektion Aneurymen,
alerdings zeigt sich bel Patienten mit TAAAs eine persistierende aneurysmatische

Degeneration der Aorta und konsekutiv ein erhthter Bedarf an Sekundarmal3nahmen®.

Aus unserer Sicht ist standard TEVAR eine Behandlungsoption lediglich bei post-Dissektion
Aneurysmen die in der thorakalen Aorta beschrénkt sind. Eine komplette Thrombosierung
des falschen Lumens ist selten bel post-Dissektion TAAAS, aufgrund der ausgeprégten
Fibrosierung der Dissektionsmembran, die das Remodel lierungsspotenzial von unbehandelten
Aortensegmenten limitiert. In solchen Féllen ist die komplette Exklusion des Aneurysmas

entscheidend.
1.6 Fenestrierte und gebranchte Stentprothesen (F/Br-TEVAR)

Fenestrierte  Stentprothesen  wurden  urspringlich  entwickelt, um  abdominelle

Aortenaneurysmen mit kurzem proximalen Hals zu behandeln. Durch die Verwendung von
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individuell angefertigten Prothesen kann die Perfusion wichtiger Gefél3abgange wie z.B. der
Arteria renadlis und der Arteria mesenterica superior erhalten werden, obwohl die
Stentprothese Uber den Gefél3abgangen implantiert wird. Die erste Verwendung ener
fenestrierten Stentprothese erfolgte 1999. Seitdem haben mehrere Verdffentlichungen sehr
gute kurz- und mittelfristige Ergebnisse von F-EVAR demonstriert >?, Bis dato sind tiber
1000 Behandlungen mit F-EVAR in Studien erfasst, und die Methode hat sich als

Behandlungoption fur juxtarenale Aneurysmen etabliert.

Der Entwicklung der Methode zufolge konnte die kompl ette endovaskulére Versorgung von
suprarenalen und sogar thorakoabdominellen Aneurysmen eingefihrt werden. Im Jahre 2001
wurde von Chuter et a. der erste Fall einer endovaskuléren Versorgung unter Einbezug der
Viszeralarterien beschrieben 7. Im Gegensatz zu F-EVAR besteht bei TAAAs meistens
keine Moglichkeit zum Wandkontakt der Stentprothese mit der Aorta. Eine zu grof3e Distanz
zwischen Endoprothese und den Zielgefalien kann zur Instabilitét des Systems fuhren. Aus
diessm Grund wurden Prothesensysteme mit Seitenarmen (branches) entwickelt. Die
Uberbriickung bis zum Zielgefal erfolgt durch die Implantation von gecoverten Stents in die
Seitenarmen der Stentprothese. Zusdtzlich besteht die Mdoglichkeit Seitenarme und
Fenestrierungen zu kombinieren (F/Br-TEVAR) je nach anatomischen Verhdltnissen im

viszeralen Segment.

F/Br-TEVAR wird inzwischen seit Uber 10 Jahren fir TAAAS eingesetzt. Das Verfahren
wird aktuell in mehreren speziaisierten Zentren weltwelt praktiziert und bietet gute Ergenisse
und Haltbarkeit im mittelfristigen Follow-up “*3?. Trotz der offensichtlichen Vorteile von
F/Br-TEVAR gegenuber der konventionellen chirurgischen Rekonstruktion, sind Mortalitat
und Komplikationsrate der Methode nicht unerheblich. Die Frihmortalitét liegt in Studien
zwischen 5-20%, die groferen Serien berichten Uber Mortalitétsraten <10%. Die spinae

Ischamierate variiert unter den verschiedenen Serien, sie ist alerdings meistens inkomplett
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und passager. Renale Insuffizienz kann aufgrund von intraoperativen technischen Problemen
auftreten oder einer Okklusion der Zielgeféle zufolge. F/Br-TEVAR ist eine komplexe
Prozedur die nichtsdestrotrotz bis dato ermutigende Ergebnisse aufweist und potenziell as

Behandlung der Wahl fir TAAAs sich etablieren kann.

Die Erfahrung mit F/Br-EVAR fir post-Dissektion TAAASs ist alerdings weltweit weiterhin
sehr limitiert. Ursachlich dafir sind die zusétzlichen technischen Anspriiche bei der Planung

und Behandlung dieser &tiologischen Subgruppe von TAAAS.

Charakteristisch fur post-Dissektion Aneurysmen ist das meistens enge wahre Aortenlumen,
das die Planung der Stentprothese erschwert. Bei Fenestrationen wird weniger Platz benétigt
fur die Katheterisierung der Zielgefaie. Die Katheterisierung ist transfemoral mdglich. Eine
genaue Planung ist allerdings erforderlich hinsichtlich der Orientierung der Prothese. Eine
Repositionierung der Prothese zum Zweck der Katheterisierung kann erschwert sein,
aufgrund der engen anatomischen Verhdltnisse. Gebranchte Prothesen sind einfacher zu

planen, bendtigen aber zusdtzlichen Raum fir die korrekte Entfaltung und Katheterisierung.

Eine zweite technische Herausforderung ist mit viszeralen Asten die ihren Ursprung aus
verschiedenen Lumina haben assoziiert. Dies gilt insbesondere fir Nierenarterien. In solchen
Falen kann die Katheterisierung des ZielgeféRes durch die steife Dissektionsmembran
problematisch sein und eine Perforation der Membran mit einem steifen Draht oder einer

speziellen Nadel erfordern.

Bis zum jetzigen Zeitpunkt sind Studien zur F/Br-TEVAR sparlich 3. Wir haben vor 2
Jahren die initialen klinischen Ergebnisse in 6 Patienten verdffentlicht ©¥. Akuell besteht
lediglich noch eine weitere Publikation von Kitagawa et a. Uber 15 Patienten mit
ausgedehnten post-Dissektion TAAAs @Y. In der vorliegenden Publikation wurden Resultate

von F/Br-TEVAR be post-Dissektion TAAAs von zwei fihrenden in diesem Gebiet
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Kliniken erfasst. Mit 31 Patienten ist diese Studie die bis dato grosste weltweit bezliglich

F/Br-TEVAR be dieser komplexen Art von Aortenpathologie.
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2 Zusammenfassung der Publikation (Abstrakt)

2.1Ziele

Fenestrierte und gebranchte Stentprothesen werden zunehmend fir atherosklerotische
thorakoabdominelle Aneurysmen angewendet, jedoch ist der Einsatz der Methode bel post-
Dissektion Aneurysmen weiterhin sehr limitiert. Wir prasentieren unsere Erfahrung mit F/Br-

TEVAR in der Behandlung von post-Dissektion TAAAS.

2.2 Material — Methoden

Die Daten von zwei prospektiv erhobenen Datenbanken wurden analysiert. Patienten die von
Januar 2010 bis July 2013 mittels F/Br-TEVAR bei post-Dissektion TAAAs behandelt
wurden, wurden in der Studie eingeschlossen. Ausgewertet wurden dabei der primére
technische Erfolg, die perioperative Mortalitédt und Morbiditat, das mittelfristige Uberleben,
Endoleckagen, Regression des Aneurysmadurchmessers, Nierenfunktion und Reintervention

wéhrend des Follow-Up (FU).

2.3 Ergebnisse

Insgesamt wurden 31 Patienten (25 mannlich, Durchschnittsalter 65 + 11.4 Jahre) behandelt.
Der technische Erfolg betrug 93.5%. Die 30-Tages-Mortalitét betrug 9.6%. Temporére
Rickenmarksischdmie trat bel vier (12.6%) Patienten auf. Bel keinem Patienten trat eine
permanente Paraplegie auf. Das mittlere FU betrug 17 + 10 Monate. Sieben Patienten
verstarben aneurysmaunabhangig wahrend des FU. Die kumulative Uberlebensrate nach 6, 12

und 18 Monaten betrug 83.9 = 6.7, 76.4 + 7.9 und 71.6 + 8.7%. Nierenfunktionsstérungen
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traten bei zwei (6.4%) Patienten auf. Endoleckagen wurden bei 12 Patienten wahrend des FU
diagnostiziert, darunter sechs Typ Ib Endoleckagen und sechs Typ Il Endoleckagen. Eine
Reintervention war bei sieben (22.5%) Patienten erforderlich. Die mittlere Regression des
Aneurysmasacks betrug 9.3 + 8.7 mm. Die Rate der Thrombosierung des falschen Lumens

war 66.7% und 88.2% bei Patienten mit einem FU langer as 6 bzw 12 Monate.

2.4 Fazit

F/Br-TEVAR ist technisch méglich fir Patienten mit post-Dissektion TAAAs. Obwohl das
Verfahren mit zusédtzlichen technischen Herausforderungen und einem erheblichen
Reinterventionsbedarf assoziiert ist, fiihrt es zu guinstigen morphologischen Anderungen des
Aneurysmas und kann in der Zukunft eine wichtige Rolle fur diese Art der Pathologie

spielen, vorausgesetzt dass langfristige Resultate den initialen Erfolg bestétigen.
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3. Diskussion und Schlussfolgerungen der Publikation

Die vorliegende Publikation zeigt, dass F/Br-TEVAR mit hohem technischen Erfolg bei
Patienten mit post-Dissektion TAAASs durchgefihrt werden kann. Die Frihmortalitat war
vergleichbar zu verdffentlichten Ergebnissen fir atherosklerotische TAAAs. Trotz der
erheblichen Riuckenmarksischémierate, wurde keine permanente Paraplegie festgestellt. Die
Rate von renalen Komplikationen war niedrig. Die Durchgangigkeitsrate von Zielgefélen
nach 6 Monaten war mit 97.8 = 1.1% hoch. Kein aneurysmaabhangiger Tod wurde

festgestellt.

Die Problematik bezliglich des geringen Durchmessers des wahren Lumens wurde bereits in
der Einflhrung erwdhnt. Um gentigend Raum fUr die Platzierung einer gebranchten Prothese
zu verschaffen, wurde eine lange proximale Stentprothese bis ca 2-3 cm oberhab des
Ostiums des Truncus coeliacus implantiert. Unsere Strategie war es, eine moderate
Uberdimensionierung von ca 10-15% an der proximalen Aorta anzuwenden um das wahre

Lumen zu remodéllieren.

Die Zielgefdlle die vom falschen Lumen perfundiert waren, konnten in alen Fdlen
erfolgreich katheterisiert werden. Die Technik der Perforation der Dissektionsmembran mit
einem steifen Draht oder ggf mit einer speziellen Nadel fUr portosystemische Shunts konnte

dieses Problem beheben.

Die Rickenmarksischamierate in dieser Studie ist relativ hoch. Aufgrund der extensiven
endovaskuléaren Versorgung missen bel F/Br-TEVAR protektive Mal3nahmen fir das
Rickenmark eingesetzt werden. Die Aufrechterhaltung der Perfusion sowohl der linken
Arteria subclavia als auch der Arteriae iliacae internae ist von wesentlicher Bedeutung.
Hierzu ist ggf das Durchfihren eines Debranchings der linken Arteria subclavia, oder die

Planung von zusétzlichen Fenestrierungen fur die A. Subclavia und von gebranchten
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Prothesen fir die Arteriae iliacae internae (IBD) erforderlich. Liquordrainage sollte
unmittelbar vor der Operation eingebracht werden zur Uberwachung und Entlastung des
Drucks im Spinalkanal. Die Drainage wird routinemdaldig bis zum 3. Postoperativen Tag

fortgefiihrt. Unter den 0.g. Mal3nahmen trat keine permanente Paraplegie auf.

Schliefdlich  sollte der erhthte Bedarf an Reinterventionen kommentiert werden.
Reinterventionen waren in sieben Patienten erforderlich, in sechs Fallen erfolgte die
Reintervention aufgrund einer Typ Ib Endoleckage Uber ein Zielgefé. Zwel von diesen
Zielgefaen waren urspringlich disseziert. Bel post-Dissektion TAAAS scheint eine langere
initiale Abdichtungszone im Zielgefald erforderlich zu sein. Insbesondere wenn die
Dissektion weit ins Zielgefald fortgesetzt wird, kann eine retrograde Perfusion des falsen
Lumens Uber das Zielgefald mehrere Interventionen zur endgultigen Ausschaltung erfordern.
In diesen Féllen kann eine Stentprothesenverlangerung durch Implantation eines weiteren
gecoverten Stents und eines selbst-expandierbaren Stents in das Zielgefald das Problem
beheben. Typ Il Endoleckagen sind zwar in der frihen postoperativen Phase zu erwarten,

zeigen dlerdings einen benignen Verlauf.

Obwohl die Rate an Reinterventionen signifikant ist, zeigt sich im FU eine hohe Rate von
Thrombosierung des faschen Lumens und ene deutliche Regression des
Aneurysmadurchmessers.  F/Br-TEVAR kann somit as ene vielverprechende,
Behandlungsalternative zur konventionellen chirurgischen Rekonstruktion dieser komplexen

Aortenpathol ogie betrachtet werden.
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