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Introduction

The absence of an adequate femoral or iliac access to deliver 
a branched or fenestrated endograft is considered an abso-
lute contraindication for endovascular repair.1 Transapical 
and axillary access have been used anecdotally to deploy 
standard straight thoracic stent-grafts,2,3 but, to the author 
knowledge, a transaxillary deployment of a branched graft 
in a case with a complete aortic-iliac occlusion was never 
reported.

This report describes the use of a custom-made triple-
branched endovascular graft deployed from a transaxillary 
access to treat a recurrent visceral aortic patch (VAP) aneu-
rysm associated with pararenal aortic occlusion.

Clinical Case

A 73-year-old man with history of hypertension, dyslipid-
emia, and hypothyroidism presented with a VAP aneurysm 
and critical limb ischemia. The patient had undergone an 
open thoracoabdominal aortic aneurysm (TAAA) repair 
with visceral and renal arteries reattachment with the inclu-
sion technique through a left thoraco-phreno-laparotomy 30 
years ago. A redo open surgery with the same surgical 
access was performed 8 years later due to a proximal anas-
tomotic pseudoaneurysm, combined with right renal artery 

direct stenting. Early stent occlusion occurred, and the right 
kidney became atrophic at follow-up with stage 2 renal fail-
ure. A distal anastomotic pseudoaneurysm was also man-
aged with a bifurcated endovascular exclusion (Gore 
Excluder; W.L. Gore & Associates, Flagstaff, Arizona) 14 
years later.

At the out-clinic evaluation, the patient presented with a 
56 mm recurrent aneurysmal dilatation of the VAP, right 
iliac limb graft occlusion with chronic claudication, and 
pararenal aortic thrombotic apposition involving the left 
renal ostium. Initially, the patient was anticoagulated with 
warfarin and a standard transfemoral branched endovascu-
lar repair with a custom-made device was planned.

One month later, the patient was re-admitted to the emer-
gency department due to left limb ischemia with rest pain 
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and a new computed tomographic angiography documented 
an ascending progression of the aortic thrombosis with total 
infrarenal aortic occlusion (Figure 1). A right axillo-bifem-
oral bypass was performed to solve the critical limb isch-
emia, also allowing the retrograde reperfusion of the only 
patent left hypogastric artery. With no lower extremity arte-
rial access and 2 previous thoraco-phreno-laparotomies, a 
new graft was designed: a custom-made tri-branch device 
(Cook Medical LLC, Bloomington, Indiana) was ordered 
and planned to be deployed via the left axillary artery 
(Figure 2).

One month after the lower limb revascularization, under 
general anesthesia and after systemic heparinization, the 
patient underwent an endovascular repair with the above-
described custom-made device in a hybrid suite with fusion 
imaging capabilities (Supplemental Video 1). Through an 
infraclavicular incision, a 9 mm diameter Dacron graft 
(Maquet Hemashield, Baden-Württemberg, Germany) was 
sutured as a conduit to the left axillary artery. A 23F intro-
ducer sheath for Impella 5.0 (Abiomed, Danvers, MA, 
USA) was inserted and fixed in the conduit, and a 1 cm 

short-tip Amplatz guidewire (Cook Medical LLC) was 
exchanged at the level of the distal abdominal aortic occlu-
sion. Then, a tapered upside-mounted thoracic stent-graft 
(Figure 2B) was implanted in the mid-portion of the 
descending thoracic aorta to create an adequate proximal 
landing zone, tapering down the aortic diameter for the 
branched graft (Figure 2C and D). The Tri-branch device 
was then deployed with the distal markers 2 cm above the 
celiac trunk through the same access (Figure 2C). Finally, 
the graft delivery system was exchanged with a 65 cm long 
10F sheath (DrySeal; W.L Gore & Associates, Inc.), and the 
3 branches were bridged with the corresponding target ves-
sels with covered stents (VBX and Viabahn; W. L. Gore & 
Associates). At the end of the procedure, the axillary con-
duit was ligated at its origin. Completion angiogram and 
intraoperative DynaCT demonstrated the patency of all 3 
aortic branches, and complete aneurysm exclusion with no 
signs of endoleak (Supplemental Video 1). The postopera-
tive course was uneventful, and the patient was discharged 
home on postoperative day 4 under warfarin and aspirin 
therapy.

Figure 1.  Preoperative computed tomography angiography (A, B: 3D volume rendering; C: multiplanar reconstruction and axial 
scan). The patient was previously treated with thoracoabdominal aortic aneurysm open repair with inclusion technique, infrarenal 
abdominal endovascular repair, and right renal stenting. The images show a recurrent visceral aortic patch aneurysm associated with 
occlusion of the pararenal aorta, the right iliac axis, and the right renal artery.
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The 3-month computed tomographic scan confirmed the 
successful exclusion of the aneurysm, and the patency of 
the visceral vessels and the left renal artery (Figure 3).

Discussion

Open TAAA repair offers in general durable results, but the 
risk of recurrent VAP when inclusion technique is employed 
is not negligible.4 While secondary open procedures are 
more complex and associated with high mortality and mor-
bidity rates, transfemoral endovascular procedures have 
emerged as a less invasive alternative to treat this postsurgi-
cal aortic complication.5 In the presented case, the multiple 
aortic surgeries contraindicated an in situ aortic repair; thus, 
an extra-anatomical approach was used to restore the flow 
to the lower limbs and solve the critical limb ischemia. 
However, the endovascular exclusion of the recurrent VAP 
required a dedicated design and the use of an alternative 
deployment route.

Interestingly, branched grafts, with a similar design to 
the one described above, were deployed via a transfemoral 
access to create a supra-celiac aortic stump in patients with 
aortic graft infections, allowing surgical removal of the 
infected grafts without aortic cross-clamping and complex 
open aortic reconstructions.6 However, despite a similar 
design, the use of this device via a transaxillary access 
required some modifications and posed technical chal-
lenges. The use of an axillary access required the manufac-
ture of a low-profile device (≤18F) not only because of the 
access artery diameter, but also to limit aortic arch and 
supra-aortic vessels manipulation, preventing cerebrovas-
cular and upper limb complications. The branched custom-
made graft profile was lowered thanks to the proximal 
thoracic stent-graft that tapered down the aortic diameter to 
26 mm, but component had to be mounted in an upside-
down configuration to allow a deployment from the axillary 
artery. Despite the use of low-profile devices, the creation 
of a surgical conduit is of paramount importance: it allowed 

Figure 2.  The planned aortic implant (A) consisted of a low-profile (18F) proximal tapered thoracic endograft (B) and a low-profile 
(16F) tri-branch endovascular aortic plug (C and D) with 3 leveled branches to target the celiac trunk, the superior mesenteric artery, 
and the left renal artery. Being intended to be deployed via an axillary access, the graft was loaded into the delivery system inverted 
to allow a distal-to-proximal deployment. The delivery system has a short 40 mm introducer tip that exits from one of the 8 mm 
branches. CT, computed tomography; LSA, left subclavian artery; CT, celiac trunk; SMA, superior mesenteric artery; LRA, left renal 
artery; RRA, right renal artery.
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the delivery of different aortic components without damag-
ing the access vessel wall and the early revascularization of 
the left arm and vertebral artery during the deployment of 
visceral covered stents with the use of a nonocclusive 10F 
sheath. To deploy the stent-grafts as close as possible to the 
aortic occlusion, considering the need of a conduit interpo-
sition, devices were created with an introducer sheet of 70 
to 80 cm in length, and with proximal short tips. The Impella 
5.0 introducer sheath was ideal to achieve optimal hemosta-
sis while exchanging the different materials during the pro-
cedure, limiting the blood loss and the risk of subsequent 
possible spinal cord ischemia (SCI).

Regarding SCI, it remains one of the major issues of 
TAAA endovascular repair and was considered as a possible 
complication in this case. Spinal cord preconditioning with 
the use of a procedural staged approach offers good results 
during TAAA endovascular repair, and it is part of our stan-
dard of care.7 However, in this case, a double transaxillary 
surgical access would have been required for procedural 
staging, with a higher risk of stroke. Therefore, we relied on 
the protective role of the historical staging considering the 
previous multiple aortic surgeries of this patient8 and on 

enhancing the collateral network inflow with the preemptive 
retrograde surgical revascularization of the only patent 
hypogastric artery. Prophylactic cerebrospinal fluid drainage 
was not employed preoperatively but a therapeutic postop-
erative placement was considered as a bailout procedure in 
case of new onset of SCI during the postoperative period.7

Regrettably, custom-made devices are not available in 
all countries and for emergencies, and alternative 
approaches, such as chimney and sandwich techniques, 
may be used to treat similar conditions, especially in urgent 
or emergent settings. The feasibility of thoracic stent-graft 
insertion and deployment, using transaxillary, transcarotid, 
or even transapical access, has been previously demon-
strated in patients with aorto-iliac occlusion or severe ath-
erosclerotic disease.9–11 Chimney procedures have also 
been reported in patients with juxtarenal aortic occlusion, 
with favorable results.12,13 Thus, in case of unavailability of 
custom-made devices, other approaches are theoretically 
feasible; however, they would have required a bilateral 
upper extremity access with the use of simultaneous sheaths 
thus increasing the risk of stroke due to excessive arch 
endo-manipulation.

Figure 3.  Postoperative computed tomography angiography with 3D volume rendering (A and B) and multiplanar reconstruction 
(C) showing the complete exclusion of the aneurysm, patency of all target vessels arising from the visceral aortic stump and patency 
of the extra-anatomical revascularization of lower limb. Due to proximal exclusion with the stent-graft and distal aortic occlusion, a 
small quantity of contrast media remained entrapped in the aneurysm sac (C).
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The use of this custom-made tri-branched device, com-
bined with the transaxially access, allowed to treat this 
recurrent VAP aneurysm through a less invasive approach. 
Unfortunately, the customization time required 1 month and 
makes this technical option available only for elective 
cases. However, the configuration with branches at the 
same level, and therefore universal, means that in the future 
this may possibly become an off-the-shelf solution. Longer 
follow-up and further investigations are needed to prove the 
effective durability of this visceral aortic stump.

Conclusion

The tri-branch custom-made endovascular graft deployed 
via a transaxillary access, combined with extra-anatomi-
cal surgical lower limb revascularization, allowed the 
successful treatment of a recurrent VAP aneurysm in a 
patient where femoral or iliac retrograde access was not 
an option.
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