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ABSTRACT

Repair of complex aortic aneurysms such as those involving the thoracoabdominal and pararenal aorta presents
a formidable challenge for surgeons with significant perioperative morbidity and mortality. A hybrid procedure
combining renovisceral debranching with endovascular aneurysm exclusion has been developed as an alternative
approach for high-risk patients. This paper reports our initial experience with hybrid repair for these complex aortic

diseases in three high-risk patients.
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INTRODUCTION

In developed countries, endovascular repair has
largely replaced open surgery as definitive treatment of
aortic aneurysms, be it thoracic or abdominal." Numerous
prospective studies have demonstrated its early benefit over
open surgery, including less blood loss, shorter operative
times, shorter length of hospital and ICU stay, and lower
morbidity and mortality in the perioperative period.**
For pararenal and thoracoabdominal aneurysms (TAAA)
however, endovascular repair may entail complex procedures
necessitating fenestrated or branched endografts which
unfortunately, are not available in the country. Use of parallel
grafts (chimney, periscope, snorkel) are feasible but these are
correlated with distinct, hard to treat complications such as
type la endoleaks from gutter formation at the proximal
landing zone or modular dislocation.” Conventional open
aneurysm repair, on the other hand, remains associated with
significant morbidity and mortality despite improvements in
perioperative management and surgical technique.®’

Given these limitations, hybrid techniques which
combine surgical debranching of the reno-visceral arteries
with subsequent endovascular repair of the aneurysmal aortic
segment have been developed.®’ The open segment is limited
to the abdomen and thus have the theoretical advantage of
sparing the patient of the physiologic stress associated with
a thoracotomy, aortic cross-clamping, single lung ventilation,
cardiopulmonary bypass, and reno-visceral, spine and limb
ischemia inherent in conventional TAAA repair.

This paper describes our initial experience with
abdominal visceral debranching followed by endovascular
repair for pararenal and TAAA, focusing on outcomes and
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our technique. We aimed to present the feasibility of hybrid

repair in three different patients with various comorbidities.
CASE SERIES

Three patients diagnosed with pararenal and thoraco-
abdominal aortic aneurysms who underwent reno-visceral
debranching surgery followed by endovascular aortic
aneurysm repair were the subjects of this study. Clinical
data were obtained and retrospectively reviewed from
the Department’s (ISIS, Integrated Surgical Information
System) and Institution’s (RADISH, Computerized Registry
of Admissions and Discharges) prospectively maintained
databases. Treatment options were discussed extensively with
each patient and their family preoperatively, and written
informed consent were obtained.

Surgical Technique and Endovascular Repair

All hybrid repairs were performed in two stages, with
the debranching procedure done initially, followed by
endovascular repair in 2-4 weeks. The debranching surgery
was performed with the patient on general anesthesia. A
transperitoneal median laparotomy was made to expose the
infrarenal aorta, right and left renal arteries, and bilateral
common iliac arteries. A left medial visceral rotation was done
to dissect the superior mesenteric artery (SMA) and coeliac
trunk (CT).

Visceral debranching and repair was performed in a

caudad to cephalad order. The R renal artery (RRA) was

Figure 1. Pre-operative CT aortogram of patients A and B. In
patient A, there is an aneurysm at the distal thoracic
aorta involving the celiac and superior mesenteric
origins but sparing the renal arteries (Crawford V), a
short but normal infrarenal neck, then an infrarenal
aortic aneurysm. Patient B exhibits a small saccular
aneurysm (yellow arrow) and a large infrarenal aortic
aneurysm.

bypassed first with a retrograde dacron graft (7mm, LeMaitre,
Burlington MA) from the R common iliac artery. The rest
of the reno-visceral vessels were revascularized using a
bifurcated Dacron graft (14 x 7mm, LeMaitre, Burlington
MA) from the L common iliac artery. Specific graft and
anastomotic configuration (end-to-end vs end-to-side)
were created at the discretion of the surgeon depending on
intraoperative findings. Likewise, source of inflow for the
bypasses may be any uninvolved segment of the aorta or
arterial tree, with the iliac arteries being the most commonly
used. In Patient A, infrarenal endoaneurysmorraphy was done
hence the distal end of the bifurcated graft right before its
bifurcation was used as inflow. All anastomoses should be
done without tension hence considerable efforts were made
to ensure a sufficient length of native artery was dissected.
Ligation of all visceral arteries was done at its ostium.
Endovascular repair was done with the patient either
on general or regional epidural anesthesia, and a spinal drain
placed. The right common femoral artery was exposed for
access of the main graft. Following adequate heparinization,
deployment of the endovascular stent graft system (Valiant
Captiva for TEVAR, Endurant II for EVAR, Medtronic

CA) was made to completely exclude the aneurysms.

Patient A

This is a 68-year-old hypertensive male with oxygen-
dependent chronic obstructive pulmonary disease (COPD).
He likewise has a history of pulmonary tuberculosis
complicated by spontaneous pneumothorax which was
treated with chest tube insertion 10 years prior. His current
problem started with vague but persistent back and abdominal
pain prompting consult and subsequent imaging tests. CT
aortography done revealed aneurysmal dilatation at two sites.
'The first involved the distal descending thoracic aorta from
the level of T9 vertebra down vto just above renal arteries,
measuring 12.5 x 5.7 x 6.1 cm (L x H x W) (Crawford type
V). The second affected the infrarenal aorta commencing
3.5 cm from the left renal artery and measuring 12.0 x 6.7
x 6.8 cm (Figure 1A).

The patient’s poor pulmonary status incited the
decision to avoid thoracotomy and instead perform a
staged hybrid procedure. The first stage entailed a standard
endoaneurysmorrhaphy of the infrarenal aorta using a
bifurcated Dacron graft (20 x 10 mm, Terumo), followed
by debranching of all reno-visceral vessels, including an
accessory renal artery on the left (Figure 2A). He was
readmitted a month later for the endovascular procedure.
Initial aortography done revealed patent bypass grafts with
good flow to all renovisceral vessels (Figure 3). A thoracic
endograft (Valiant Captiva, Medtronic) was deployed with
its distal end encompassing the infrarenal aortic graft.
Completion aortography showed good endograft apposition
with no endoleak (Figure 4). Patient was discharged on the
34 post-operative day.
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Figure 2. Visceral debranching configurations of patients A, B and C. Note infrarenal aorta of Patient A replaced with a dacron

bifurcated graft.
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Figure 3. Pre-deployment aortogram of
Patient A showing patent reno-
visceral branches.

On surveillance CT aortography done six months
post-EVAR however, an endoleak at the distal end of the
stent graft was seen (Type 1b), associated with sac expansion
from 6.4 to 7.0 cm (Figure 5). Patient was readmitted for
reintervention wherein stent relining was done (Valiant
Captiva, Medtronic), with resolution of the endoleak. He
was discharged well on the 2™ post-operative day. Repeat

Figure 4. Completion aortograms of Patient A showing (A) good flow of contrast
from the thoracic to the abdominal aorta with no endoleak. (B) All reno-
visceral vessels remained patent.

CT aortography 23 months post-EVAR revealed intact right
renal, SMA, celiac, left renal, and left accessory renal artery
bypasses with no endoleak.

Patient B

This is a 69-year-old male, hypertensive with a history
of stroke eight years prior with mild left-sided residuals,
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Figure 5. CT aortogram of Patient A eight months post-EVAR
showed endoleak (yellow arrow) associated with
aneurysm sac expansion.

who consulted for severe abdominal pain associated with
diarrhea. CT aortography done revealed no significant
gastrointestinal pathology but with an incidental finding of a
saccular pararenal aneurysm measuring 2.2 cm and a fusiform
infrarenal aneurysm measuring 6.1 cm in widest diameter
(Figure 1B). On preoperative work-up, echocardiography
showed an ejection fraction of 50% with anterolateral
wall hypokinesia prompting coronary angiography which
demonstrated significant 3-vessel coronary artery disease.
He subsequently underwent coronary artery bypass grafting
(CABG) for which he did remarkably well.

Given the risks of conventional open repair in this
multiply co-morbid patient, a staged hybrid procedure was
contemplated. Laparotomy with 4-vessel reno-visceral
debranching was done 11 days post-CABG (Figure 2B).
He developed acute kidney injury post-operatively, with
rising creatinine levels but not dialysis-requiring. As soon
as his creatinine stabilized, endovascular abdominal aortic
aneurysm repair (EVAR) was then carried out after nine
days. Angiography was done using the Angiodroid CO,
injector system to minimize further injury to the kidneys.
The endograft (Endurant II, Medtronic) was deployed
accordingly, making sure the distal iliac limbs were
positioned proximal to the take-off of the branch grafts. Post-
deployment angiography revealed no endoleak with good
flow to all reno-visceral vessels (Figure 6).

Patient C

Patient is a 56-year-old male who presented with
epigastric abdominal pain radiating to the back five months
prior. On work-up, he was noted to have a dissection of the
descending aorta starting from T'9 level down to just above
the take-off of the coeliac artery. The coeliac artery arose

Figure 6. Post-EVAR angiogram of Patient B using CO, as
contrast medium showing good flow down to both
iliac vessels with no endoleak.

from the false lumen while all other branches came from the
true lumen. A saccular aneurysm measuring 5.4 cm in widest
diameter was seen at the mid-descending aorta between T'5
and T6 (Figure 7). Incidentally, a thickened segment of the
descending colon was observed associated with multiple
mesenteric lymphadenopathies for which malignancy was
highly considered.

After multidisciplinary discussions with colorectal
surgery, the patient underwent a Hartmann’s procedure with
complete tumor resection, after which a retrograde bypass
from the left common iliac artery to the celiac and superior
mesenteric artery was created (Figure 2C). The celiac and
superior mesenteric arteries were both ligated at the ostia.
Thoracic endovascular repair ('EVAR) was performed 10
days after with the endograft deployed just distal to the left
subclavian artery proximally down to just above the renal

arteries distally (Figure 8). Patient was discharged four days
post-TEVAR.

DISCUSSION

Open surgical repair remains to be the intervention of
choice for thoracoabdominal aneurysms in general, especially
for patients who present with ruptured TAAA, those due to
connective tissue disease, and with life expectancy beyond 10
years.'® However, despite its proven durability, conventional
open repair is associated with high 5-25% mortality rate'"!?
and concomitant risk for severe complications such as spinal
cord ischemia, respiratory failure, and renal impairment.’>*

Due to the prohibitive morbidity and mortality
associated with open surgical repair, endovascular treatment
is now being recommended specifically in patients with
degenerative aneurysms who are hemodynamically stable
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Figure 7. CT aortogram of Patient C showing entry tear at mid-descending aorta (yellow arrow) with saccular aneurysmal
degeneration. A re-entry is noted at the level of the take-off of the celiac and superior mesenteric artery (blue arrow).

Figure 8. Post-TEVAR angiograms of Patient C showing (A) patent arch vessels with no endoleak, (B) patent renal, and (C) celiac
and superior mesenteric arteries.

and have suitable anatomy, as long as they are performed in
centers with endovascular expertise.’’ In contrast to open
surgery, endovascular repair (EVAR) avoids thoracotomy and
the need for single lung ventilation, making it advantageous
for patients with COPD and other pulmonary issues. It is
also beneficial for patients with previous thoracoabdominal
surgeries where adhesions can increase the risk of
intraoperative complications.” Moreover, endovascular
repair does not require aortic cross-clamping, which reduces
the risk for acute coronary events especially in patients with
borderline cardiac function.

However, endovascular treatment is not without
limitations. For one, a suitable aortic anatomy is mandatory for
optimal outcome. This is especially true for TAAA extending
to the renovisceral arteries for which there may be no

adequate proximal or distal landing zones. In such instances,
other endovascular options may include custom-made
tenestrated or branched endografts which unfortunately, are
not available in the Philippines. Intraoperative fenestration
is another technique but this method entails extensive
training and experience. Snorkel or chimney techniques
(ch-EVAR), first described by Greenberg et al.'® in 2003,
where off-the-shelf parallel stent grafts are placed into
target renal or visceral side branches to ensure vital organ
perfusion and successful aneurysm sac exclusion, have been
done locally. This though is correlated with difficult-to-treat
complications such as late gutter or type 1a endoleak which
has prevailed as the Achilles heel of this technique.'”
Because of these limitations, hybrid aortic repair,
which combines both open and endovascular techniques,
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was introduced for those ‘unfit-for-open’ or ‘endovascular-
excluded’ patients. First described by Quinones-Baldrich
et al.® in 1999, hybrid repair offers the same advantages of
endovascular repair. In addition, although laparotomy is
still required, it eliminates the need for cardiopulmonary
bypass and prolonged visceral ischemia time is minimized as
clamping of visceral vessels during anastomoses is limited to
one organ at a time. In a single center study which utilized
a patient-specific, algorithmic approach whereby higher risk
patients with TAAA are treated with a ‘hybrid first’ strategy
and lower risk patients with conventional open repair, one-
year and long-term, aorta-specific survival were reported
to be similar between groups.’® Major morbidity though
differed by procedure, with postoperative stroke higher in
patients who underwent open repair, while a higher rate of
new permanent dialysis and reintervention was noted in the
hybrid repair group.

The multicenter North American Complex Abdominal
Aortic Debranching (NACAAD) registry is the largest report
on hybrid repair of thoracoabdominal aortic disease to date.”
'Their pooled mortality of 14%, spinal cord ischemia of 11%,
paraplegia rate of 5%, pulmonary complications of 22%, and
dialysis of 7% is comparable with the 11.3%, 8%, 5%, 23% and
8%, respectively, to the meta-analysis of published reports by
Moulakakis et al.? on traditional open repair of TAAAs at
high-volume centers of excellence. In this study, hybrid aortic
debranching was reported to have low early mortality when
done in lower-risk patients (3% if SVS score <9) but remains
elevated in high-risk patients (34% if SVS score 215). Graft
patency though was excellent at 90% in five years.

All three patients cited in this study presented with
complex aortic anatomy and were deemed high-risk due to
the existence of major co-morbidities. Hence, after careful
discussion with the patient and their families, the decision
was made to perform hybrid aortic repair. In our institution,
we opted to perform the hybrid repair in two stages, as
studies seemed to suggest a trend towards lower 30-day risks
of death.” Theoretically, a staged procedure leads to shorter
operating time, and longer recovery time for spinal cord
ischemia and from surgical stress, factors which may translate
to reduced risks for post-operative complications. Indeed, a
recent meta-analysis showed significantly lower 30-day risk
of death, lower incidence of major adverse cardiac events
and intestinal complications for two-stage hybrid repair,
although this was seen only in patients who completed the
second stage.?

While our study contributes to the growing body of
evidence supporting the use of hybrid repair for TAAA
and pararenal aneurysms, it is important to acknowledge
certain limitations. Variability in surgical expertise, patient
populations, and institutional practices invariably impact
generalizability. Future research should focus on refining
patient selection, optimizing perioperative management, and
exploring innovative techniques that can enhance the safety
and efficacy of treatment.

CONCLUSION

'This study serves to reinforce the role of hybrid aortic
repair as a viable and effective option with favorable short-
term outcomes in the management of complex TAAA and
pararenal aneurysms in high-risk patients. Our early experience
underscores the importance of careful patient selection and
risk stratification in determining the appropriateness of the
procedure. Long-term follow-up is essential to assess the
durability of the repair and identify potential complications,
and guide future management strategies.
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