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Abstract Purpose:

with the hybrid repair technique.

To present a case series of patients with thoracoabdominal aortic aneurysm (TAAA) who were treated

Materials and Methods: ~From January 2009 to April 2013, TAAA patients who were treated with the hybrid repair

technique were retrospectively reviewed.

Results:

There were three cases of hybrid repair performed during the study period. Aneurysm morphology

included type IV TAAA in two patients and suprarenal in one patient. The average aneurysm diameter was 82.6 mm
(range 73 to 91 mm). Technical success was obtained in all patients. Graft thrombosis occurred at a rate of 30% (3 in
10 visceral bypass grafts), which resulted in mesenteric ischemia and transient renal insufficiency. The average hospital
length of stay was 53 days, with a median ICU stay of 11.3 days.

Conclusion: Hybrid surgery could be considered a bridging measure between open and fenestrated/ branched

endograft. The surgical technique will remain a robust and adaptable method of treating this complex and life-

threatening disease in individuals with unfavorable anatomy.
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INTRODUCTION
Thoracoabdominal aortic aneurysm (TAAA)
accounts for 10 to 15% of all thoracic aortic aneurysm.
The conventional treatment, open surgery, is one of
the mostchallenging tasks forvascular surgeons because
of its high mortality and morbidity rate (19 to 22%)'*.
Currently, there is a trend from open surgery to
total endovascular repair. The less invasive procedure
is both advantageous in terms of the reduction of

operative mortalityand morbidity, aswell asarelatively
short recovery period. The success rate of the new
technique is nearly 100%"".

However, notall patients are suitable for the total
endovascular technique. Such patients include those
with smaller visceral arteries or tortuous iliac system,
especially in the Asian population. Another major
reason is the lack of complex endovascular resources
and skill. An option to overcome some of these
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limitations is the hybrid procedure®.

This hybrid procedure, which combines visceral
artery de-branching through laparotomy incision and
aneurysm exclusion with standard aortic stenting, is an
excellentalternative treatmentoption. The procedure
bridges the gap between open and total endovascular
surgery. It is less invasive than conventional open
surgery and does not require a prerequisite complex
endovascular skill.

Although the hybrid technique is less successful
than the total endovascular technique, it is far more
successful than open surgery, and an excellent option
and opportunity for those with physical or economic
restrictions. The objective of this article is to describe
the hybrid technique and the result of treatmentat our
institute.

MATERIALS AND METHODS

From January 2009 to April 2013, TAAA patients
who were treated with the hybrid repair technique
were retrospectively reviewed.

Indication for Surgery

The aim of hybrid TAAA repair is to prevent fatal
aneurysm rupture by excluding the aneurysm, using
standard endovascular stenting, and preserving visceral
blood flow through a visceral bypass grafting.
Candidateswith the following limitations greatly benefit
from the hybrid TAAA repair:

1. Patients with TAAA who meet the standard
criteria for repair, whose physiologic reserves prohibit
an open thoracoabdominal procedure

2. Patients whose complex anatomy precludes
standard thoracic endovascular aneurysm repair
(TEVAR)

3. Patients with a high risk for paraplegia
(previous thoracic or abdominal aortic repair)®!'

Technique

Hybrid TAAA repair is a combination of two
procedures. The first procedure is open laparotomy to
perform extra-anatomic bypass of the visceral artery
and stump ligation, the de-branching procedure. The
second procedure is the aneurysm exclusion with
standard aortic stenting'*'?. Visceral de-branching and
the endovascular procedure can be performed in one
setting. However, this exposes the patient to a lengthy
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Figure 1 A custom-designed vascular conduit is made from a
combination of two standard Dacron bifurcation grafts
(Vascutek, Ann Arbor, Mich, USA) diameter 12X6
mm. The graft has a 12-mm trunk, and four 6-mm side
limbs for two renal arteries, celiac trunk and superior
mesenteric artery.

operation, with a longer recovery period. If done viaa
staged approach, depending on the patient’s condition
at that time, operative results may improve, with a
shorter recuperation time's.

Visceral artery de-branching is a 5-step procedure:

1. The procedure is performed under general
and epidural anesthesia for postoperative pain control.

2. Visceral arteries are exposed through midline
laparotomy incision.

3. Vascular conduit is made from a combination
of two standard Dacron bifurcation grafts (Vascutek,
Ann Arbor, Mich, USA) diameter 12 X 6 mm (Figure
1).

4. Visceral reconstruction and stump ligation.

5. Grafts are covered with an omental flap to
minimize the risk of late graft-enteric erosion.

After completion of the de-branching procedure,
the patientis then transferred to an intensive care unit.
The endovascular aortic stenting resumes only when
the patient’s status is stable and the success of the de-
branching procedure is assured.



Vol. 36 No. 1

Hybrid Thoracoabdominal Aortic Aneurysm Repair 23

Table 1 Clinical data of patients who underwent hybrid TAAA repair.

Patient Sex Age Diagnosis Co-morbidity

Aneurysm size Visceral debranching

Outcome

1 Female 71

2 Male 55 Crawford IV ESRD, HTN

TAAA
3 Male 69 Suprarenal  HTN
AA

Crawford IV Prior AAA repair,

- Clotted RRA

- Transient renal
insufficiency

- Alive

- Wound
complications

- Alive

- Endoleak |,

- Clotted SMA

- Mesenteric
ischemia

- Bowel resection

- Alive

84 mm CT, SMA, RRA, LRA

73 mm CT, SMA

91 mm CT, SMA, RRA, LRA

The second stage endovascular procedure isdone
with conventional aortic stent planning under general
or regional anesthesia, according to the patient’s
condition. We routinely drain the cerebrospinal fluid
before an operation to preventspinal cord ischemiain
all patients. By using femoral cutdown, aortogram and
deployment of the aortic stent were done according to
standard practices.

After the procedure, a completion angiogram
was routinely obtained to rule out any endoleak and
the patency of priorvisceral reconstruction. All patients
were then transferred to the intensive care unit.

REsuLTs

There were three cases of hybrid operations
performed during the study period. Gender ratio
(male/female) was 2/1. The mean age of the patient
was 67.4 years (range 69 to 71 years). Aneurysm
morphology included type IV TAAA in 2 patients, and
suprarenal in 1 patient. The mean aneurysm diameter
was 82.6 mm (range 73 to 91 mm).

The first stage visceral de-branching procedure
was applied in all patients. The operative time ranged
from 385 to 700 minutes, and blood loss average 866
mL per procedure.The mean organ ischemic time
ranged from 15 to 20 minutes. Technical success was
obtained in all patients.

Total number of visceral bypass grafts was 10.
Target vessels were celiac trunk (CT) in 2, superior
mesenteric artery (SMA) in 2, left renal artery (LRA)
in 3, and right renal artery (RRA) in 3. The mean

number of bypass grafts was 3.3 per patient.

Graft thrombosis occurred in 3 of 10 visceral
bypass grafts, and resulted in mesenteric ischemia and
transient renal insufficiency. The average hospital
length of stay was 53 days, and the median ICU stay was
11.3 days.

Patient 1

A 71-year-old female complaining of abdominal
pain was referred from a regional hospital because of
a symptomatic aortic aneurysm, and who previously
had an abdominal aortic repair surgery with aorto-

Mahara; p

Figure 2 CTA demonstrated an abdominal aortic aneurysm at
a retro-hepatic level which had extended to previous
aortic graft, atype IV TAAA. The maximum aneurysm
diameter was 84 mm, and all of the visceral arteries
arose from the aneurysm.
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Figure 3 A visceral de-branching operation was performed by using a retrograde visceral reconstruction: left common iliac artery
as an inflow artery (A); a tailored spaghetti graft was anastomosed to all targeted vessels - celiac trunk (B), superior

mesenteric artery (C), and left renal artery (D).

bilateral iliac bypass grafting 9 years ago, which was
successful.

Computed tomography angiogram (CTA)
demonstrated an abdominal aorticaneurysmataretro-
hepatic level which had extended to previous aortic
graft, a type IV TAAA. The maximum aneurysm
diameter was 84 mm, and all of the visceral arteries
arose from the aneurysm (Figure 2). Because of the
prior operation, we thought that a redo aortic surgery
was not an option, and total endovascular treatment
was not available at that time.

Avisceral de-branching operation was performed
on this patient. By using a retrograde visceral
reconstruction, the left common iliac artery became
an inflow artery (Figure 3). A tailored spaghetti graft
was anastomosed to all four targeted vessels: the celiac
trunk, superior mesentericartery, leftrenal artery, and
rightrenal artery. The operative time was 700 minutes.
The average organ ischemic time ranged from 15 to 20
minutes.

After the de-branching operation, the patient
had clotted RRA bypass graft, which was detected by
duplexultrasound. She had stable hemodynamic status
and had transient renal insufficiency for two days.
After resolution of the renal condition, we proceeded
with the second stage endovascular exclusion of the

entire TAAA, via a femoral approach, using two pieces
of Variant thoracic stent (Medtronic), TF3434C200X
and TF3434C150X. Completion aortogram revealed
good results without endoleak. Visceral bypass grafts
were all functional, except one; the RRA, (Figure 4).
The patient was then admitted to the intensive care
unit for 7 days, with a total hospital stay of 42 days. She
was discharged without any complications.

\

Figure 4 Post-operative CTAdemonstrating functioning visceral
bypass grafts, except one; the RRA.
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Figure 5 Followup CTAat 12 months revealed adissection atdescending aorta, 90 mminlength, distal to the origin of left subclavian
artery, which was treated with endovascular repair using a thoracic stent (Medtronic), VAMF3434C200TE.

A follow up CTA at 12 months revealed no
endoleak or stent migration, but there was a dissection
at descending aorta, 90 mm in length, distal to the
origin of left subclavian artery, (Figure 5). She
underwent thoracic endovascular aneurysm repair
using athoracicstent (Medtronic), VAMF3434 C200TE.

Three years after the hybrid procedure, she is
alive with good renal function, with no renal
medication. On the lastfollow up CTA, all bypass grafts
and endovascular stents were functioning well without
any migration, buta hepatic cholangio-carcinoma was

Figure 6 CTAdemonstratingatype IV thoraco-abdominal aortic
aneurysm with severe narrowing of the distal aortic
segment. The maximum aneurysm diameter was 73
mm. All visceral arteries arose from the aneurysm.

found. A hepatic resection surgery is planned.

Patient 2

A bHb-year-old male complained of a painful
pulsatile abdominal mass. CTA revealed type IV TAAA
with severe narrowing of the distal aortic segment. The
maximum aneurysm diameter was 73 mm, and all of
the visceral arteries arose from the aneurysm (Figure
6). The patient has end-stage renal disease, and has
been dialysis dependent for 10 years.

He underwent a visceral de-branching operation
using a retrograde visceral reconstruction based on
the left common iliac artery, which was used as an
inflow artery. A stenosis of distal aorta was repaired
with aorto-aortic bypass graft, using Dacron prosthesis
(diameter 18 mm, Vascutek). A visceral bypass graft
was anastomosed to two targeted vessels, CT and SMA.

Two days after the operation, the patient had
abdominal wound dehiscence, causing bowel
evisceration, which required a surgical repair. The
patient had stable hemodynamics, but had delayed
bowel function.

Three weeks after the visceral de-branching
procedure, we proceeded with the second stage
endovascular exclusion of the entire TAAA, via a
femoral approach, using two pieces of thoracic stent
(Cook Medical), ZTEG-2P-30-200-PF. Completion of
the aortogram revealed a good result without any
evidence of endoleak. Two visceral bypass grafts were
allfunctional (Figure 7). The patient spenta total of 47
days in hospital and was discharged without additional
complications.
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Figure 7 Post-operative CTAdemonstrating functioning visceral
bypass grafts to CT and SMA, without any evidence of
endoleak.

Figure 8 CTA showing a suprarenal AAA with a severe
angulation of the distal aortic segment. The maximum
aneurysm diameter was 91 mm, and both of renal
arteries arose from the aneurysm.

Patient 3

A 69-year-old male presented with a symptomatic
suprarenal AAA. The maximum diameter of the
aneurysm was 91 mm (Figure 8). He underwent a
visceral de-branching operation using the same
techniquesasabove. A bypass graft wasanastomosed to
all four targeted vessels: CT, SMA, LRA, and RRA.

On the 1st post-operative day, the patient had a
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clotted SMA bypass graft, detected from postoperative
CTA, and presented with asevere abdominal distention.
He underwent a re-exploration, which demonstrated
clots at the SMA and CT bypass grafts, causing small
bowel infarction. Graft thrombectomy and a small
bowel resection were performed.

After the recovery from small bowel resection, we
proceeded to the second stage endovascular exclusion
of the entire TAAA via afemoral approach, using three
pieces of thoracic stent and standard abdominal
bifurcation devices (Medtronic), VAMF3232C100TE,
AF3416C155AXH, IXW1822C80AXH.

We were able to complete most of the abdominal
aortic stents, but the contralateral iliac gate was totally
collapsed at the part of mid abdominal aortic segment,
causing technical failure and endoleak from the short
limb of the stent. We had to do a femoro-femoral
crossover bypass and a conversion aorto-uniliac stenting
to correct the endoleak.

Completion aortogramrevealed a type I endoleak
at the proximal landing zone. But on follow up CT
angiogram, the amount of endoleak was decreased
and revealed no progression of the aneurysm sac
(Figure 9).

Figure 9 Follow up CT angiogram revealed decreased amount
of endoleak, patency of all de-branching arteries, and
no progression of the aneurysm sac.
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DiscussioN

Hybrid procedures in which extra-anatomic
bypasses are performed to the brachio-cephalic,
visceral, or renal vessels, followed serially by stent-
grafting, are an alternative to open TAAA repair.The
hybrid procedure has the theoretical advantages of
substituting laparotomy for thoraco-abdominal
exposure, avoiding division of the diaphragm and
aortic clamping, and reducing visceral ischemic time.
Complication rates are presumed to be lower than
open thoracoabdominal repair'***.

From ourinitial experience, we found that hybrid
TAAArepairispossible. Technical successwas obtained
in all patients. A major complication that we found in
our case series was visceral bypass graft thrombosis.
Graft thrombosis occurred at a rate of 30% (3 in 10
visceral bypass grafts). Other complicationsrange from
transientrenal insufficiency to massive bowel ischemia
requiring bowel resection in one patient. Early
recognition of bypass graft thrombosis and prompt
treatment are the key to success.

CONCLUSION

The hybrid repair procedure could be considered
a bridging measure between open and fenestrated/
branched endograft repair. A total endovascular
approach is the ideal TAAA repair, but hybrid surgery
will remain a robust and adaptable method of treating
this complex and life-threatening disease in individuals
with unfavorable anatomy.
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