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Abstract

Introduction: The optimal management of acute type A aortic dissection (ATAAD) remains a controversial subject.
While some surgeons opt for a hemiarch approach to minimize bypass and cross-clamping time, others prefer partial or total arch
replacement to prevent the need for additional operations. The advent of hybrid approaches offers a variety of options to the
aortic surgeon in treating ATAAD. Herein, we present a complex case of ATAAD requiring multistage reconstruction of the aortic
arch and its branch vessels utilizing hybrid techniques. A 67-year-old man presented with chest pain and hypertension, leading
to diagnosis of ATAAD. He initially underwent hemiarch replacement, which required multiple further interventions secondary to
progressive thoracic aorta aneurysmal dilation, innominate artery dissection, and subclavian steal syndrome. A hybrid approach
of open and endovascular techniques was utilized to treat the patient’s pathology. ATAAD represents a challenging clinical
entity in its acute, subacute, and long-term management. Currently, no consensus exists on ideal initial management of this
disease. Nonetheless, new techniques such as fenestration of thoracic endografts can be utilized for the subsequent operations.

Individualized care tailored to each case is the most effective management of this intricate disease.
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INTRODUCTION

The immediate management of acute type A aortic
dissection (ATAAD) aims to prevent malperfusion of the coro-
nary arteries or pericardial tamponade secondary to retrograde
proximal dissection®. Accordingly, excision of the entry tear in
the ascending aorta and arch is the minimum required initial
treatment. The distal extent of aortic replacement at the in-
dex operation is a topic of debate, with two primary options
available: limited hemiarch replacement versus partial/total
arch replacement with up-front supra-aortic trunk (SAT) vessel
debranching®®.

Utilizing the hemiarch approach can effectively reduce
bypass and aortic cross-clamp time by avoiding immediate
debranching of the SAT vessels® 7. The residual dissection flap
may then be addressed in the subacute period with thoracic
endovascular aortic repair (TEVAR) and SAT reconstruction as
needed. Depending on specific flap morphology, these recon-

structions can become increasingly complex and extensive®. A
partial arch replacement with debranching of the innominate
artery or total arch replacement (TAR) with debranching of all
SAT vessels, both include performance of an elephant trunk
(ET) or frozen elephant trunk (FET) procedure®. Although the
aim of these initially aggressive approaches is to limit the num-
ber and complexity of future aortic interventions, controversy
exists whether they provide a real clinical benefit( 1.
Alternative approaches to complete endovascular re-
pair of the aortic arch in patients with prohibitive risk for open
repair are being investigated. Nevertheless, these approaches
carry their own set of risks, including TEVAR-associated retro-
grade dissection? and perioperative stroke, which may arise
due to manipulation of SAT vessels'. While fenestrated or
branched endovascular devices add to the arsenal of treatment
options for ATAAD, open repair of the SAT vessels remains a
crucial adjunct to hemiarch replacement and TEVAR due to the
low morbidity and high patency rate. Herein, we describe a
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1 Type Il A aortic dissection extending from the
ascending arch distal to the coronary sinuses
(A, B) down to the aortic bifurcation (C, D)

Dissection flap at the level of the renal arteries (A, B). A
bare metal stent was placed in the renal artery to permit
perfusion via the false lumen (C).

case of an extensive ATAAD from the ascending arch down to
the aortic bifurcation that required multistage reconstruction
and replacement of the entire thoracic aorta and its branch
vessels, utilizing a range of hybrid techniques to sequentially
address sequelae of malperfusion and arch dilation.

METHODS

The electronic medical records of a patient with ATA-
AD extending to aortic bifurcation were reviewed. Data were

collected regarding patient’s baseline lesion, procedural char-
acteristics, and outcomes during follow up. Informed consent
was obtained from the patients for treatment and publication
of these case reports and accompanying images. No Protect-
ed Health Information was disclosed. No institutional review
board (IRB) approval was required.

CASE REPORT

Presentation

A 67-year-old man presented with acute onset severe
chest pain and hypertension with systolic pressures reaching
190 mmHg. Subsequent computed tomography (CT) angiog-
raphy demonstrated a complex type A aortic dissection ex-
tending from the ascending aorta, distal to the coronary sinus-
es, down to the aortic bifurcation (Figure 1). Despite the arch
dissection involving the major SAT vessels, the patient demon-
strated no neurologic deficits, upper extremity ischemia, or any
other evidence of distal malperfusion.

Hemiarch repair

The patient was taken to the operating room and
placed on cardiopulmonary bypass. An on-table trans-esoph-
ageal echocardiogram was suggestive of severe aortic valve
incompetence and opening of the aorta confirmed poor align-
ment of the aortic valve leaflets due to the proximal extent of
the dissection. Aortic valve replacement with a 25 mm Edwards
© tissue valve was performed. The ascending arch was excised
and replaced with a 28 mm Gelweave © Dacron graft. A distal
hemiarch approach via oblique aortic transection was utilized
due to entry tear in the inferoanterior portion of the mid-aortic
arch. The patient recovered well from the initial procedure and
was eventually discharged home.

TEVAR and left renal artery stenting

On 3-month postoperative surveillance scan, he was
noted to have dilation of his thoracic aorta to 4.5 cm. He sub-
sequently underwent TEVAR in an attempt to stabilize the
dissection flap and prevent further dilation. Intravascular ul-
trasound (IVUS) was utilized to identify the true lumen. Three
Cook © endografts were deployed, with proximal stent landed
in Ishimaru zone 3, flush with the origin of the left subclavian
artery. The second graft was landed 4 cm proximal to the celiac
artery origin. A bare metal stent graft was then deployed with
landing zone 5 mm above the aortic bifurcation. The STABILISE
technique was selectively utilized in the infrarenal segment with
a semi-compliant balloon and the false lumen was obliterated
distally. Ballooning was not performed proximally in the viscer-
al segments, as multiple visceral vessels were involved with the
dissection and partially perfused by the false lumen. Of note,
the left renal artery received perfusion from both the true and
false lumens, with insufficient perfusion noted on angiography
after stent deployment. Due to dynamic compression, a bare
metal stent was placed in the renal artery to permit perfusion
via the false lumen (Figure 2). Our patient again recovered well
and received surveillance scans over the ensuing year.
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Hybrid approach: TEVAR revision with laser fenestra-
tion & open debranching

During postoperative surveillance, imaging revealed
further dissection into the innominate artery and continued
aneurysmal dilation of the thoracic aorta. He was scheduled for
a hybrid procedure involving laser fenestration, left subclavian
artery revascularization, and open debranching/reconstruction
of the innominate and left carotid arteries to extend the exist-
ing TEVAR.

The branched Dacron graft used for repair of the
proximal dissection that was anastomosed to the
TEVAR stent graft distal and via a laser fenestration a
balloon expandable covered stent was placed in the left
subclavian artery.

-~

MR R Prox CCA
- PSV 382cmls
EDV 35.9 cm/s

A median sternotomy was performed to debranch the
arch. The ascending aortic graft was controlled with a side-bit-
ing clamp. A 14 x 10 x 10 mm branched Dacron graft was
modified and placed, with the left subclavian branch stapled
off. This was then anastomosed to the proximal aortic graft
in an end-to-side fashion. The innominate and left carotid
were controlled and stapled, with end-to-end anastomoses
performed to the graft. This incorporated both the true and
false lumen of the innominate artery. The graft anastomosis
was marked, and a Cook®© ZTA 36 x 161 mm stent graft was
placed antegrade with proximal end landed 5mm distal. The
chest was closed, and attention turned to revascularization of
the left subclavian artery.

A left brachial cutdown was performed and via ret-
rograde access the stent graft was engaged and fenestrated
using an .035 Baylis© PowerWire. The fenestration was then
pre-ballooned to 7mm to accommodate the planned 7 x 29
mm Gore© VBX stent. Separately, the false lumen of the left
subclavian artery was accessed and coil embolized to mini-
mize risk of Type lll endoleak around the subclavian stent. The
stent was then deployed in the left subclavian artery (Figure
3). Completion angiography demonstrated flow through the
aortic arch vessels and the subclavian stent with no evidence
of antegrade flow into the false lumen.

The thoracic aortic sac was subsequently stabilized
in size following this procedure. Despite an intact seal at the
proximal TEVAR site, there was persistent retrograde filling of
the false lumen within the descending thoracic and abdomi-
nal portions of the dissection. The patient continued to receive
standard surveillance scans to watch for signs of thrombosis
and remodeling of the false lumen.

Left carotid to right subclavian artery bypass
Approximately 18 months postoperatively, he began
experiencing pre-syncopal episodes with right upper extremity
exertion. Duplex ultrasound confirmed right subclavian artery
stenosis with associated flow reversal in the right vertebral ar-

4.0~

The right common carotid was involved in the dissection of the innominate artery from index procedure (A). Duplex ultrasound
showing right subclavian artery stenosis with associated flow reversal in the right vertebral artery (B).
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The retropharyngeal left carotid to right subclavian
artery bypass

Figure 5

tery (Figure 4). The right common carotid was involved in the
dissection of the innominate artery, making it unsuitable for
subclavian revascularization. Endovascular approach was not
possible due to the debranched aortic arch as well as the diffi-
culty in excluding the carotid artery if the subclavian artery was
stented proximal to the take-off of the vertebral artery. After
discussing with the patient, a left carotid to right subclavian by-
pass was performed using an 8 mm ringed PTFE graft through
a retropharyngeal tunnel (Figure 5). Following this procedure,
the patient recovered well with resolution of his symptoms.

He has been under regular follow-up (every 6 months)
in the vascular outpatient clinic and is currently well and as-
ymptomatic from the arterial point of view 24 months from his
last procedure, 4 years from initial presentation.

DISCUSSION

The decision between hemiarch and extensive arch
reconstruction at the initial procedure remains the subject of
debate. Some reports suggest that early arch reconstruction
carries increased risk of morbidity and mortality™19. A review
of the International Registry of Acute Aortic Dissection (IRAD)
database indicates that since 1996, the proportion of surgeons
utilizing a hemiarch repair has significantly increased, perhaps
due to the perception of increased mortality rate of partial/
total arch repairs"”). Numerous studies have demonstrated
that initial extensive arch reconstruction is more technically de-
manding, with increased cardiopulmonary bypass and aortic
cross-clamp time® 131419 \While the current literature does not
demonstrate a clear long-term benefit with TAR, future opera-
tions may be performed more easily or even prevented entirely

in a hybrid setting, given the availability of endovascular op-
tionS(B, 10, 13, 15, 18, 19)_

In some specific circumstances, such as patients with
connective tissue disease (e.g., Marfan syndrome) or greater
than 5 cm dilation of the distal thoracic aorta, TAR has a sta-
tistically significant decrease in future reoperation rate. FET
and ET are considered the most aggressive reconstructions
and, therefore, are most likely to provide long-term benefit.
Nevertheless, these procedures carry an overall small but not
negligible risk of paraplegia that is rarely seen in hemiarch re-
pair cases® & 19 Although extensive reconstruction may be
appropriate in carefully selected patients in dedicated aortic
centers to decrease future procedures, a hemiarch approach is
safe and likely sufficient in the short term to address acute type
A aortic dissections and ensure operative survival@°-22.

TEVAR has recently become an adjunct to open repair
in type A aortic dissections, with a favorable morbidity/mor-
tality profile compared to open repair of the descending tho-
racic aorta®-29. While the STABILISE technique shows promise
in complex and extensive dissection, it necessitates cautious
implementation to steer clear of potential complications like
aortic rupture. If intricate dissections are present involving
visceral vessel branches, stenting the true lumen can result in
malperfusion—especially if there is a sizeable flow into dis-
sected vessels from a patent false lumen. Our case serves as a
demonstration of this phenomenon. Careful attention should
be paid to perfusion of visceral branches upon completion,
as further stent placements may be required to avoid or treat
malperfusion. To mitigate these risks, the balloon should be
appropriately undersized to perform intimal flap disruption
and false lumen depressurization rather than full aortic wall
re-apposition?.

Laser fenestration is a useful tool in both elective and
emergent aortic repairs as a flexible adjunct to endovascular
stent-grafting, allowing for lengthening of the proximal seal
zone without requiring preplanned custom endovascular
grafts® 28 Burning graft material and potentially tearing the
graft during ballooning risks type Ill endoleak, damage to the
integrity of the graft, and embolization of fenestrated graft de-
bris. Ex vivo studies have demonstrated that laser fenestration
can achieve consistent fenestration dimensions with negligible
low-risk embolic debris, particularly when using smaller 6- or
8-mm balloons for dilation of the initial fenestration®. PTFE
grafts are fenestrated with better shape and margin compared
to woven polyester graft materials but have a theoretical risk
of chemical toxicity from the cauterized material® 39. Evans et
al. demonstrated that using the larger 2.3 mm laser systems
compared to 0.9 mm systems produced more consistent fen-
estrations with reduced fabric tearing during dilation”. In this
case, the false lumen was coil embolized and the entry point
of the stent into the fenestration was flared to decrease type
Il endoleak. This has been shown to be more common when
grafting for dissection pathology but can be effectively pre-
vented using the above technique®: 2.,

When aortic pathology extends into the branch vessels,
revascularization and bypass of the vessels may be necessary.
Revascularization options for the left subclavian artery include
both open and endovascular approaches. The two main open

76



PORTUGUESE JOURNAL OF CARDIAC THORACIC AND VASCULAR SURGERY
________________________________________________________________________________________________________|

approaches are carotid-subclavian bypass (CSB) and subclavi-
an-carotid transposition (SCT). The SCT is considered a feasible,
effective, and safe technique for subclavian artery revascular-
ization and is associated with optimal mid-term patency along
with low risk of neurological events and mortality®. However,
due to the delicate subclavian artery and the dissection in
the ipsilateral carotid artery in our patient, the R CCA was
not a suitable donor vessel. Thus, we opted to perform
CSB. Several studies indicated that CSB offers a lower but
still acceptable 5-year patency rate (84-92%) with very
low risk of death, stroke, or nerve palsy®? 33, Retropha-
ryngeal tunneling to facilitate contralateral bypass offers
a theoretical advantage in patency over subcutaneous
tunneling due to the shorter path to the contralateral
neck and has been demonstrated to have long-term safe-
ty and efficacy®®.

ATAAD is a devastating disease with a high mor-
tality rate. Even in those patients who survive the initial
insult, hospital course can be prolonged and long-term
health permanently affected. The care of these patients
is long-term, requiring lifelong follow-up as aortic ex-
pansion may develop as late as a decade postoperative-
ly©®>. Reoperation rates can range from 5-10% over the
next decade®®38. Accordingly, patients and their families
should be actively engaged in their care. A study of pa-
tients who survived ATAAD and subsequent operations
demonstrated significantly decreased quality of life in
seven of eight different fields, including physical/social
functioning, pain, overall health, and vitality®?. It has
been well-documented that patients surviving ATAAD are
at higher risk for development of post-traumatic stress
disorder (PTSD) and other mental health disorders“o 4"
Support groups may prove beneficial in assisting patients
and families as they cope with these changes. Survivors
of ATAAD have been demonstrated to have lower re-
siliency scores, but those with increased social support
tend to have better overall resilience®“?. The increasing
prevalence of social media and digital connectivity could
allow these patients greater access to social resources
and support.

CONCLUSION

ATAAD continues to present a therapeutic chal-
lenge in the acute, subacute, and long-term periods to
aortic surgeons as the handling and timing of managing
aortic arch branch vessels remains a topic of discussion.
The growing armamentarium of open, endovascular, and
hybrid approaches offers several treatment options. How-
ever, more research is still required to improve mortality
and reintervention rates. Given the variety in dissection
morphology and symptomatology, we strongly believe
that patients are best served with an individualized ap-
proach. Our case demonstrates an example of this per-
sonalized care, using a hybrid approach for staged com-
plete reconstruction of the aorta and the SAT vessels.
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