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24.1 Introduction

Revascularization of splanchnic and renal arter-
ies is one of the critical steps in open repair of
thoracoabdominal aortic aneurysm (TAAA).
Several techniques are currently employed, but
the most represented is the inclusion technique
proposed by Stanley Crawford in the early 1970s:
it consists in a side-to-end anastomosis aimed at
reimplanting, on a side opening in the synthetic
Dacron graft, an island of aortic wall from which
the visceral arteries arise [1].

The main drawback of this technique is that
the retained portion of the diseased aorta might
be prone to further dilatation, thus giving rise
to a visceral aortic patch (VAP) aneurysm. The
prevalence of this late complication is currently
underreported, although the rate of VAP aneu-
rysm (>5 cm) ranges from 1.1% to 7.7% after a
median time interval from the index procedure
ranging from 7 months to 16 years [2-5].

Different authors [2, 3, 6-21] published small
series regarding both redo-open or hybrid TAAA
repair with high mortality and morbidity rate,
and only two authors proposed a fenestrated or
branched approach for two single cases [22, 23].
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The real prevalence and incidence of VAP
aneurysm are hard to define because long-term
follow-up protocols are often lacking and a rel-
evant proportion of TAAA patients have brief
postoperative survival due to associated morbidi-
ties. However, everlasting follow-up imaging is
warranted. Two clear risk factors have been asso-
ciated with VAP aneurysm formation: the size of
the aortic patch used to include the reimplanted
visceral vessels and connective tissue disorders
[24, 25].

Reimplantation of visceral vessels with the
standard inclusion technique in open TAAA can
be performed either with side-to-end anastomosis
of an aortic patch including all vessels or includ-
ing only three out of four vessels with separate
reimplantation on the graft of the remaining ves-
sel, usually the left renal artery. Obviously, the
size of a four-vessel patch is going to be larger
than that of a three-vessel patch, with a conse-
quent increase in the surface of the diseased aortic
wall kept exposed to the stress of systemic blood
pressure. Notably, no VAP dilatation or aneurysm
of a three-vessel patch was recorded in an old San
Raffaele series despite the fact that in 23% of the
patients of the cohort, an inclusion technique was
employed to reattach the celiac trunk, the supe-
rior mesenteric, and the right renal artery [3].
Nowadays, the 3 + 1 configuration is preferred for
splanchnic and renal revascularization [26].

Interestingly, the data emerging from Johns
Hopkins series demonstrated that the incidence
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Fig.24.1 Different types of revascularization of splanch-
nic and renal arteries during open repair. (a) Three-vessel
visceral aortic patch (VAP) with separate surgical bypass
to the left renal artery. (b) Three-vessel patch with suture-

of VAP aneurysm was much higher in patients
affected by collagenopathy 17.6%, with respect
to atherosclerotic patients 5.6% (p = 0.034) [2].
For those reasons, in order to ensure a durable
repair, in young or connective disease patients,
we employ a presewn four-branch Dacron graft
to revascularize the visceral vessels during open
TAAA repair, thus minimizing the amount of
residual diseased aorta, thereby preventing
future development of VAP aneurysms [15]. The
branched graft also provides an alternate repair
option in patients whose visceral and renal arter-
ies are too far apart to obtain a reasonably sized
aortic patch [27] (Fig. 24.1).

24.2 Surgical Management

Surgical management consists in an open repair
with re-inclusion technique via a thoraco-phreno-
laparotomy access. All the visceral vessels were
separately reimplanted with quadrifurcated
branched Dacron graft (Vascutek Ltd., Renfrew-
shire, Scotland, UK) in the most recent seven

less reimplantation of the left renal artery. (c) Separate
reimplantation of renal and splanchnic arteries with
quadrifurcated branched presewn Dacron graft

cases (50%), and in the other cases, a combina-
tion of undersized VAP and separated bypasses
was used [12]. No extracorporeal circulation was
used and an intraoperative hypothermic selective
perfusion through 9F Pruitt-Inahara occlusion/
perfusion catheters (LeMaitre Vascular, Inc.,
Burlington, MA) of the splanchnic vessels with
cold crystalloid (lactate ringer at 4 °C) and of the
renal arteries with cold enriched crystalloid solu-
tion (Custodiol 4 °C; Dr. Franz Kohler Chemie
95 GmbH, Bensheim, Germany) [28] was per-
formed (Table 24.1, 96 Fig. 24.2).

24.3 Hybrid Management

Hybrid management, instead, consists in a single-
staged repair with retrograde splanchnic and
renal debranching with Dacron graft (6-8 mm
in diameter) from the previous infrarenal graft
or from the common iliac artery and VAP aneu-
rysm exclusion using commercially available
endograft [12]. The abdominal aorta, common
iliac arteries, and the first 2 cm from the origin of
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Table 24.1 Thirty-day outcome and midterm outcome
Endovascular
Open (n = 14) Hybrid (n=10) | (n=5) Overall (n =29) | p-values
In-hospital outcomes
Operative time (min) 220 (IQR 255 (IQR 320 (IQR 250 (IQR Ns
190-260) 193-340) 315-540) 93-320)
Operative time >250 min 6 (43%) 5 (50%) 4 (80%) 15 (52%) Ns
Estimated blood loss (mL) 1475 (IQR 550 (IQR 400 (IQR 1000 (IQR Ns
1000-3400) 380-1450) 300-450) 450-1700)
Blood loss >1000 mL 11 (79%) 4 (40%) 0 15 (52%) 0.007
Number of PRBC transfusion | 7.5 (IQR 4-12) |4 (IQR 3-5) 2 (IQR 2-3) 4 (IQR 3-7) Ns
PRBC transfusion >3 14 (100%) 9 (90%) 2 (40%) 25 (86%) 0.003
Median ICU stay (days) 2 (IQR 1-3) 3 (IQR 1-5) 0 (IQR 0-1) 2 (IQR 1-4) Ns
Need for an ICU stay >1 day 10 (71%) 7 (70%) 0 17 (58.6%) 0.014
Length of hospital stay (days) | 8.5 (IQR 8-10) | 8 (IQR 7-10) 5 (IQR 4-6) 8 (IQR 6-10) Ns
Length of hospital stay >7 days | 11 (79%) 8 (80%) 1 (20%) 20 (69%) 0.034
30-day outcomes
30-day mortality 2 (14%) 2 (20%) 0 4 (14%) Ns
Renal complications (Grade >2) | 4 (29%) 1 (10%) 0 5(17%) Ns
Cardiac complications 3 (21%) 1 (10%) 0 4 (14%) Ns
(Grade >2)
Pulmonary complications 7 (50%) 4 (40%) 0 11 (38%) Ns
(Grade >2)
Spinal cord ischemia (Grade >2) |0 0 0 0 Ns
Any major adverse event 11 (79%) 6 (50%) 0 17 (59%) 0.009
(Grade >2)
Any spinal cord ischemia 0 1 (10%) 1 (20%) 2 (7%) Ns
Any surgical perioperative 3(21%) 2 (20%) 0 5 (17%) Ns
revision
Midterm outcomes
Median follow-up (months) 70 (IQR 21=84) |25 (IQR 1-38) |13 (IQR 11-14) |28 (IQR 11-74)
Overall survival 10 (71%) 4 (40%) 5 (100%) 16 (55%) Ns
Related mortality 0 2 0 2 Ns
Unrelated mortality 2 2 0 4 Ns

the common hepatic artery, superior mesenteric
artery, and renal arteries were exposed through a
transperitoneal midline approach with the patient
in a supine position. Separate bypass should be
used for each recipient vessel, customized “Y”
grafts, customized trifurcated grafts, or single
bypass with sequential graft technique related
to the specific anatomy of every case. For celiac
trunk revascularization, the graft was routed in
front of the renal vein behind the pancreas, an
arteriotomy was made in the common hepatic
artery, and an end-to-side anastomosis was made.
An end-to-end anastomosis was usually preferred
for the superior mesenteric artery, and this type of
anastomosis was always used for the renal arter-
ies. A radiopaque marker was placed at the origin

of the more proximal visceral graft when origi-
nating from native or grafted abdominal aorta.
The stent graft is inserted from the common fem-
oral artery surgically exposed, and the ballooning
was performed according to the instructions for
use of the device (Table 24.1, Fig. 24.3).

24.4 Endovascular Management

The experience on visceral aortic patch aneurysm
management published in the literature highlights
morbidity and mortality rates unfavorable with
both redo-open TAAA repair and with hybrid
approach [2, 3, 6-21]. These results are the ratio-
nale for an attempt of total endovascular repair
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Fig.24.2 (a) Preoperative three-dimensional reconstruc-
tion of a visceral aortic patch (VAP). (b) Treatment was by
means of separate reimplantation of renal and splanchnic
arteries with quadrifurcated branched presewn Dacron

L

Fig.24.3 (a) Preoperative three-dimensional reconstruc-
tion of a visceral aortic patch (VAP). (b) Treatment with a
hybrid repair. A retrograde visceral and renal bypass from
the right iliac artery to revascularize the right renal artery,
superior mesenteric artery, and celiac trunk was per-
formed, followed by endovascular exclusion of the aneu-

graft (Vascutek Ltd., Renfrewshire, Scotland, UK). (c)
The postoperative computed tomography scan demon-
strates patency of all vessels reimplanted

rysm. The left renal artery revascularization was
unsuccessful because of intraoperative adhesions. (¢) The
postoperative computed tomography scan demonstrates
complete exclusion of the aneurysm and patency of target
vessels
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of VAP aneurysms. Adam et al. reported the first
endovascular treatment of a VAP aneurysm with
a fenestrated custom-made device in 2007 [22].
Worldwide, three other single cases were treated
by means of endovascular approach with octopus
graft, surgeon-modified graft, or fenestrated graft
[22-25].

The latter was used in elective cases and the
first two options in emergent or symptomatic
cases.

The advantages of this endovascular approach
compared to either open or hybrid surgery are
evident: it avoids a redo thoracotomy and/or
laparotomy, thus reducing the risk of blood loss,
respiratory complications, and organ injuries due
to severe perivisceral adhesions, leading to pro-
longed ICU and in-hospital stay. Moreover, the
visceral reconstruction might be jeopardized by
such adhesions as well as by concomitant steno-
occlusive disease of target vessels with the subse-
quent increase in risk of end-organ ischemia and
related deaths (Table 24.1, Figs. 24.4 and 24.5) [6].

24.5 Discussion

According to our experience, endovascular
treatment of VAP aneurysm with custom-made
devices brings along several technical challenges.

24.5.1 Graft Design

Firstly, the graft should be carefully designed,
taking into consideration the reduced compli-
ance of the Dacron graft (maximum 4 mm of
oversizing instead of 20%), the limited room for
guidewires and catheters maneuverability, and
the alteration in visceral vessel anatomy induced
by the aneurysmal degeneration of the patch. The
presence of the previous surgical graft, as well
as the reported [29, 30] access limitations, might
worsen the navigation of the endograft and the
ability to orientate the fenestrations in the desired
position. For these reasons, it is of vital impor-
tance that the initial careful and correct opening
of the custom-made device with double-diameter-
reducing wires is of paramount importance.

24.5.2 Branch or Fenestration?

Secondly, when choosing graft designs, some
adjustments are necessary in the treatment of this
pathology: branches, despite being easier to man-
age in a more complex anatomy, are not an option
for celiac trunk (CT) revascularization as its
ostium is too close to the apex of suture line of the
VAP, and no room for branch expansion within
the previous surgical graft is left. Moreover, the
splanchnic vessel course is distorted by the aneu-
rysm itself, and, as the VAP dilates, both the CT
and the superior mesenteric artery (SMA) tend to
take a more and more upward direction. This typi-
cal upward direction mandates again a fenestrated
design to facilitate target vessel catheterization
and avoid kinking of bridging stents. The right
renal artery (RRA)-bearing component is typi-
cally designed with a fenestration because of its
proximity to the bottom of VAP suture line which
brings it close to the surgical graft wall. Due to
the likelihood of surgical modifications during
initial open TAAA repair, the CT and the left renal
artery (LRA) are the most complex vessels. When
they are selectively anastomosed to the graft, the
remaining vessel portion without branches is usu-
ally shortened, thus providing a decreased distal
sealing zone for the bridging stent; while if the
initial revascularization of the left renal artery had
instead required graft interposition or direct stent-
ing of the ostium, target vessel catheterization
could be more difficult. In these cases, a branch
design with a preloaded indwelling catheter can
be considered to deal with these challenging ves-
sel characteristics. Furthermore, in cases in which
we anticipated the possible failure of targeting
a vessel, the branch design allows, in the event
of missed cannulation, the option of plugging it,
in a second stage, after having performed revas-
cularization of the missing vessel with an extra-
anatomic bypass (i.e., iliac to renal bypass) [29].

24.5.3 Spinal Cord Ischemia

The last critical point to consider in the man-
agement of this pathology is the prevention of
spinal cord ischemia. The eventual presence of
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Fig. 24.4 Schematic drawing (a) and preoperative three-
dimensional reconstruction (b) demonstrate a visceral aor-
tic patch (VAP) aneurysm; the celiac trunk and the renal
arteries were patent. The superior mesenteric artery was
occluded at the origin, with distal revascularization from
anastomotic collaterals arising from both the celiac trunk

and a patent inferior mesenteric artery (a). A two-
fenestration and one-branch custom-made device was
designed to seal the aneurysm: the branch was targeted to
the left renal artery (LRA) with an indwelling catheter (c).
The postoperative scan (d) demonstrates successful exclu-
sion of the aneurysm with patency of all target vessels
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Fig. 24.5 Schematic drawing (a) and preoperative three-
dimensional reconstruction (b) demonstrate a visceral
aortic patch (VAP) aneurysm with all the visceral vessel
patents. However, the celiac trunk presented with a tight
stenosis near the patch suture line, and the left renal artery
common trunk was shortened by the previous
reimplantation. There was caliber mismatch between the
native aorta and the surgical graft, so the planned strategy

was a two-step repair. The first step was aimed at fixing
the dilation at the level of the proximal anastomosis with
a custom-made short-tapered thoracic component to
create a proximal fixation site for the four fenestrations of
the custom-made endograft (¢) to be deployed in the
second step. (d) Postoperative scan confirms complete
exclusion of the VAP aneurysm with patency of all target
vessels
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intercostal artery patches or selective reimplanta-
tions on the surgical graft at the level of the proxi-
mal sealing zone should be evaluated, and while
planning the custom-made graft, any attempt of
not covering the intercostal patch with either the
fabric or the proximal bare stent must be made.
If sparing of this area is unachievable, a careful
evaluation of risks/benefits needs to be carried
on, staging should be considered, and preopera-
tive cerebrospinal fluid drainage is strongly rec-
ommended. Such staging can be performed with
an initial thoracic stent grafting in order to create
a proximal sealing zone with covering the inter-
costal patch, if present, or a portion of the native
thoracic aorta proximal to the open repair. Even
if no adjunctive native aorta coverage is required,
other factors might determine spinal cord isch-
emia such as hypotension, anemia, and intraoper-
ative temporary hypogastric artery occlusion by
the delivery system. Indeed, the whole planning
procedure should be aimed at early removal of
large femoral sheaths in order to reduce the pel-
vic and lower limb ischemia time [30]. However,
in our experience, the procedural time was lon-
ger than expected because of increased difficul-
ties during catheterization, and, in these patients
with a “compulsory” fenestrated design, two pos-
sible solutions have been adopted to obtain early
pelvic reperfusion: keeping the main large intro-
ducer below the hypogastric artery during the
transfemoral bridging maneuvers and targeting at
least one vessel from above through a brachial
or axillary access so as to limit the size of the
required contralateral femoral sheath.

24.6 Conclusion

In the last two decades, we managed different
VAP aneurysms by means of open and hybrid
repairs [3, 12], and although the results were
acceptable for such complex operations, the mor-
tality and morbidity rates were not negligible.

It is the authors’ opinion that endovascular
option, whenever applicable, should be strongly
recommended in patients unfit for open sur-
gery, while hybrid surgery should be limited to
single-vessel revascularization in the cases of

endovascular failure of bridging stent placement
or in very selected cases due to the poorer out-
comes reported in our experience. Although con-
cerns remain for young patients or patients with
connective tissue disease, in whom the long-term
patency and sealing of target vessels still need
to be proven, a proximal and distal aortic neck
within a previous surgical graft seems a safe
landing zone even in cases with connective tissue
disorders. In the future, in order to answer these
questions, we would need an analysis of a larger
series collected from a retrospective registry
gathering the few cases treated in large-volume
centers dealing with endovascular TAAA treat-
ment.
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