Passive temporary arterial shunt for visceral and distal
aortic perfusion during complex aortic surgery
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ABSTRACT

On-pump techniques are the methods of choice for organ protection and heart support during thoracoabdominal aortic
aneurysm surgical repair. We present a case of a patient with a symptomatic saccular aneurysm of the visceral segment
of a severe atheromatous aorta requiring a surgical type IV aortic repair during which we adopted a temporary passive
arterial shunt from the left axillary artery to ensure visceral and distal aortic perfusion. The old-fashioned technique of
passive shunting to ensure visceral and distal aortic perfusion seems to offer an appealing alternative to on-pump
techniques in selected patients. (J Vasc Surg Cases Innov Tech 2024;10:101592.)
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Distal aortic perfusion strategies such as cardiopulmo-
nary bypass and left heart bypass are the methods of ref-
erences for organ protection and heart support during
thoracoabdominal aortic aneurysm (TAAA) surgical
repair.”? Even if the on-pump techniques have allowed
standardization and a significant improvement in terms
of morbidity and mortality, they are burdened by an
increased risk of complications such as coagulation dis-
orders and systemic inflammatory response syndrome.”
The old-fashioned technique of passive shunting seems
to offer an appealing alternative in selected patients.**

We report a case of a saccular aneurysm of the visceral
segment of a severe atheromatous aorta requiring a type
IV aortic repair during which we adopted a temporary
passive arterial shunt to ensure visceral and distal aortic
perfusion.

Written informed consent was obtained from the pa-
tient for publication of this case report and accompa-
nying images.

CASE REPORT

A 68-year-old man was admitted with nonspecific lumbar
pain. Computed tomography angiography (CTA) incidentally
revealed a 57 mm saccular aneurysm of the visceral segment
of a severe atheromatous aorta (likely resulting from a
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penetrating atherosclerotic ulcer). CTA also demonstrated abun-
dant multifocal thrombus apposition at the level of the thoracic
and abdominal aorta extending to the common iliac arteries, as
well as a focal dissection flap at the level of the abdominal aorta
(Fig 1). The patient presented common cardiovascular risks fac-
tors such as active smoking, poorly managed hypertension,
and dyslipidemia. No prior history of cardiovascular disease
was reported. As a preoperative assessment, the patient had
only undergone a transthoracic echocardiogram, which yielded
normal results. We did not delve into a second-level examina-
tion because the patient was symptomatic, and we opted to
expedite the preoperative process.

Treatment options were discussed in a multidisciplinary
meeting. The amount of thrombus spreading along the whole
aorta and the lack of adequate accesses and sealing zone
were considered a contraindication to endovascular treatment
which would have been high risk for potential embolization
requiring to extend upward the proximal sealing zone to the
lever of the mid descending thoracic aorta, potentially
increasing the risk of spinal cord ischemia. Another technical
challenge was the iliac outflow. In fact, the iliac arteries were
heavily diseased and preservation of the internal iliac perfusion
during and after surgery was a matter of concern. Therefore,
the decision was made to proceed with open type IV aortic
repair with visceral protection thought a passive shunt from
the left axillary artery (Fig 2).

Aortic surgical exposure was performed through a thoracotomy
at the VIl intercostal space. First, we created the passive shunt su-
turing an 8-mm Dacron graft to the left axillary artery. The second
step was the reconstruction of the distal aorta with infrarenal and
iliac clamping, suturing a reverse bifurcated Dacron graft to the
aortic bifurcation and connecting the passive shunt to one of
the two limbs of the graft to immediately establish distal perfu-
sion. Next, an intraoperative color Doppler ultrasound examina-
tion was performed to identify a favorable aortic site for
clamping that was then marked with a dermographic pencil.

The superior mesenteric artery and the celiac trunk were
perfused through a 9F Pruitt balloon-tipped perfusion catheters
connected to one of the limbs of the reverse bifurcated graft.
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Fig 1. Preoperative computed tomography angiography (CTA) showing a saccular aneurysm of the visceral
segment of a severe atheromatous aorta with abundant multifocal thrombus apposition.

A

Fig 2. Schematic representation of visceral, renal and lower limb perfusion strategy with a passive shunt for
celiac trunk and superior mesenteric artery and Custodiol solution for renal arteries (A) and of the aorto-aortic

bypass with reimplantation on a single aortic patch of the visceral vessels and direct reimplantation of the two
renal arteries on the prosthetic body (B).

The renal arteries were perfused with cold Custodiol solution®’ vessels and direct reimplantation of the two renal arteries on

(Fig 3). Then, the thoracic aorta was clamped at the previously the prosthetic body. The decision to perform direct reimplanta-
identified site, and we performed an aorto-aortic bypass with

tion of the renal arteries and a small single aortic patch incorpo-
reimplantation on a single patch of aortic wall of the visceral

rating the ostia of the celiac trunk and superior mesenteric
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Fig 3. The reverse bifurcated Dacron graft sutured to the aortic bifurcation and connected to the passive shunt
through one of the two limbs, whereas the visceral vessels are perfused through a 9F Pruitt balloon-tipped
perfusion catheters connected to the other limb of the bifurcated graft.

artery was made to minimize the amount of remaining native
aorta decreasing the risk of developing a visceral patch aneu-
rysm® and because the origins of the renal arteries were widely
apart from the visceral vessels as the result of the severe dilata-
tion of the corresponding aortic segment.

The postoperative course was uneventful. The patient was dis-
charged on postoperative day 14 CTA was performed at
3 months after surgery, showing satisfactory repair of the aorta
with patent and adequately perfused visceral branches (Fig 4).

DISCUSSION

The use of a passive shunt during TAAA surgery has
been described since the 1970s, and it has been reported
in several studies as an alternative to the use of an assis-
ted extracorporeal circulation (cardiopulmonary bypass
and left heart bypass) in the setting of TAAA surgery.”"
The rationale for passive shunting is to divert blood
from proximal to distal aortic sites, largely decreasing
left ventricular afterload and thereby controlling prox-
imal hypertension and, above all, ensuring a reliable
way to maintain visceral and distal perfusion."” Lower
heparin administration and hemodynamic control are
among the strengths that passive shunts offer*™® poten-
tially decreasing intraoperative coagulopathy and mini-
mizing systemic inflammatory response.

The incidence of renal and visceral complications
related to open TAAA repair remains substantial.’* We
adopt both on-pump and passive shunt strategies to
ensure renal and distal perfusion during TAAA open
repair, depending on individual patient’s characteristics.
We consider passive shunting when we do not expect
substantial intraoperative blood loss and when proximal
clamping at the level of the aortic arch is not required.

Regardless of the visceral perfusion technique, we
provide renal protection thought a cold histidine-
tryptophan-ketoglutarate solution (Custodiol; Dr Franz-
Kohler Chemie GmbH, Bensheim, Germany) that has
proven to reduce postoperative acute kidney injury rates
compared to Ringer's solution in TAAA open repair.”

In this case, visceral and distal aortic perfusion is pro-
vided by a passive shunt, wherein the inflow is taken
from the left axillary artery and distal perfusion is pro-
vided to the aorta below the aneurysm. Moreover, the
sequential aortic clamping and the almost constant
lower limb and pelvic perfusion (briefly interrupted dur-
ing the realization of the anastomosis on the aortic bifur-
cation and the side branches) provided great
hemodynamic stability with minimal variation of the sys-
temic pressure event at the time of decamping the
visceral aorta. A single dose of heparin (5000 units) was
administered reducing the risk of intraoperative and
perioperative coagulopathy. lliac arteries, which were a
source of concern, were clamped for 10 minutes in total,
decreasing the risk of clamp injury and thrombus forma-
tion at the level of heavily diseases vessels. In addition,
during aortic cross-clamping, maintenance of antegrade
blood flow into the hypogastric arteries may provide
some degree of protection against spinal cord
ischemia.”®

For what concern the aortic repair we opted for an
open type IV aortic repair with an aortoaortic bypass
with reimplantation on a single patch of aortic wall of
the visceral vessels and direct reimplantation of the
two renal arteries on the prosthetic body.

Regarding the aortic repair, we opted for an open type
IV aortic repair involving an aortoaortic bypass. The
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Fig 4. Intraoperative image of the reconstructed aorta (A), postoperative computed tomography angiography
(CTA) showing aortic replacement with reimplantation of celiac trunk, superior mesenteric artery and renal

arteries. (B).

procedure included the reimplantation of the visceral
vessels onto a single patch of aortic wall and the direct
reimplantation of the two renal arteries onto the pros-
thetic graft.

Ballard’s technique was not considered for three main
reasons: the lack of access to a trifurcated graft, the
limited expertise in this surgical technique, and the
need for an additional anastomosis for the revasculariza-
tion of the visceral vessels.'® Furthermore, both visceral
and renal bypasses necessitate supplementary pros-
thetic material, potentially increasing the risk of infection.
Additionally, their extra-anatomical pathways render
them susceptible to kinking and tension once the retro-
peritoneum has been returned to its anatomical position
after detorsion at the end of the procedure.

In such a complex clinical scenario, every detail counts
and we believe the strategy with a passive shunt has
allowed a very controlled surgery dividing a complex
problem in a more accessible equation.

CONCLUSIONS

We are convinced that the use of passive shunt remains
a very helpful if sometimes neglected tool when
approaching TAAA surgery. This experience suggests
that, in complex TAAA surgical repair, the old-fashioned
technique of passive shunting to ensure visceral and
distal aortic perfusion seems to offer an appealing

alternative to on-pump techniques if performed in expe-
rienced centers.
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