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Abstract

Traditionally, the management of type B aortic dissection has been the domain
of the vascular surgeons. Timing and type of intervention still generate debate.
We sought to review our early experience with the treatment of this condition
based on a hybrid approach following an aortic multi-disciplinary team meet-
ing involving close cooperation between cardiac surgeons, vascular surgeons,
interventional radiologists, vascular anesthetists, and cardiac anesthetists. Four
patients (age 41-56years; 3 males; 1 female) with type B aortic dissection un-
derwent aortic arch surgery through a hybrid approach: one elective procedure
consisting of ascending aorta and hemi-arch replacement with debranching fol-
lowed by thoracic endovascular aortic repair (TEVAR); one redo procedure re-
quiring aortic arch replacement with hybrid frozen elephant trunk; two acute
presentations (aortic arch replacement and debranching followed by TEVAR;
AVR with ascending aorta, arch, and proximal descending thoracic aorta replace-
ment with conventional elephant trunk and debranching). Deep hypothermic
circulatory arrest was required in three patients. Despite respiratory complica-
tions and slightly prolonged postoperative course, all patients survived without
onset of stroke, paraplegia, malperfusion, endoleak, or need for re-exploration.
Follow-up remains satisfactory. Different factors may affect outcome following
complex aortic procedures. Nevertheless, close cooperation between cardiac sur-
geons, vascular surgeons, and interventional radiologists may reduce potential
for complications and address aspects that may not be completely within the do-
main of individual specialists.
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1 | INTRODUCTION

Thoracic endovascular aortic repair (TEVAR) has witnessed
an increase in its indications following the advancement of
graft technology. Initially considered for the treatment of
thoracic aortic aneurysm disease, TEVAR has evolved to
treat other aortic conditions such as penetrating athero-
sclerotic ulcer and intramural hematoma, aortic pseudo-
aneurysm, type B aortic dissection, blunt trauma, thoracic
aortic injury, aorto-esophageal, and aorto-bronchial fistula.
Nevertheless, an appropriate landing zone remains the
key element for the success of this approach. Traditionally,
the management of type B aortic dissection has been the
domain of the vascular surgeons. The availability of com-
bined vascular and endovascular techniques has allowed
treatment in patients with previous surgery and those
with multiple co-morbidities." Conservative management
still remains the initial treatment for uncomplicated type
B aortic dissection while an endovascular approach is con-
sidered the main treatment for patients with complicated
disease.>” The aim of endovascular treatment is to address
the primary entry tear and reduce blood pressure in the
false lumen, which may lead to its thrombosis, aortic re-
modeling, and wall stabilization.*® There is an increasing
evidence supporting the role of an interventional approach
for the treatment of complicated type B aortic dissection’*
where endovascular intervention (TEVAR) has been more
favorable compared to surgical treatment in terms of early
mortality.”’ls‘19 Nevertheless, TEVAR-related complica-
tions may require surgery as definitive treatment.”” TEVAR
has also been advocated for the treatment of uncomplicated
acute type B aortic dissection with reduced mortality at
5years compared to medical treatment®' and potentially for
less physiologically fit patients.” The outcome of surgical
treatment for acute type B aortic dissection is significantly
affected by preoperative conditions* with high complica-
tions and mortality rate***® although results have improved
over the years.****® Open repair is usually indicated
following failure of endovascular treatment (persistent
endoleak with or without contained rupture, retrograde
dissection, stent migration) or for those patients who are
not suitable for a TEVAR approach.”’ Nevertheless, open
repair remains the treatment of choice in patients with con-
nective tissue disease such as Marfan, Ehlers-Danlos, and
Loeys-Dietz.>* In view of these considerations, we sought
to review our early experience based on a hybrid approach
requiring a close cooperation between cardiac surgeons,
vascular surgeons, and interventional radiologists.

2 | PATIENTS AND METHODS

Four patients with type B aortic dissection are presented
with details of the surgical approach used for their

management. Further consent was waived due to the ret-
rospective nature of the study.

2.1 | Casel

A 56-year-old female patient who presented with expand-
ing distal aortic arch and proximal descending thoracic
aorta (6 cm in diameter) following conservative manage-
ment of type B aortic dissection with thrombosed false
lumen (Figure 1A). Additional features included concom-
itant dilatation of the ascending aorta (5 cm in diameter),
mild to moderate aortic regurgitation, and preserved left
ventricular systolic function and also previous repair of ab-
dominal aortic aneurysm 13 years earlier; right hemicolec-
tomy with permanent ileostomy for colonic carcinoma
3years earlier; hysterectomy and bilateral oophorectomy
for recurrent cancer 2months earlier. Additional comor-
bidities included COPD and rheumatoid arthritis with
limited mobility. Given the absence of a suitable proximal
landing zone for TEVAR, the outcome of the aortic MDT
was in favor of a hybrid approach consisting of aortic arch
debranching and ascending aorta replacement followed
by TEVAR. Invasive arterial and venous monitoring was
obtained through the left and right radial artery and the
right internal jugular vein. The chest was entered through
a median sternotomy. A Gelweave Dacron trifurcated
arch graft (Vascutek) was used for the anastomosis of each
epiaortic vessel in an end-to-end fashion leading to com-
plete debranching of the aortic arch. Subsequently, car-
diopulmonary bypass was established through right atrial
cannulation and arterial return to the side arm of the tri-
furcated Dacron graft. A left ventricular vent was inserted
through the right superior pulmonary vein. Antegrade
and retrograde cold blood cardioplegia was delivered for
myocardial protection. Body temperature was reduced to
30°C. Non-invasive monitoring of cerebral oxygen satu-
ration was maintained with near-infrared spectroscopy
(NIRS) using INVOS™ 5100C oximeter monitoring sys-
tem. Following aortic cross-clamping between the innom-
inate artery and left common carotid artery with added
vascular clamping to the base of the innominate artery,
the ascending aortic aneurysm was excised including the
proximal portion of the aortic arch. A 28 mm Gelweave
interposition Dacron graft (Vascutek) was used without
circulatory arrest. Following de-airing and removal of
the aortic cross-clamp, the circulation was rewarmed.
Weaning off cardiopulmonary bypass was uneventful.
The proximal end of the trifurcated graft was connected
to the ascending aortic graft in an end-to-side fashion and
was marked using Ligaclips to aid subsequent TEVAR
procedure. The epi-aortic vessels were tied and clipped at
their aortic origin. Trans-esophageal echocardiographic
assessment showed mild residual aortic regurgitation
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FIGURE 1 Surface shading
reconstruction from CT angiogram.

(A) Thoracic aortic aneurysms of the
ascending and proximal descending
thoracic aorta. (B) Repair with
interposition graft to ascending aorta and
proximally anastomosed bypass grafts to
brachiocephalic, left common carotid,
and left subclavian arteries. Remnant
stumps of tied-off great vessels are seen
on the superior border of the aortic arch.
The proximal and distal suture lines of
the interposition graft are seen with a
neo-proximal landing zone created for
completion of TEVAR. (C) Post-TEVAR
CT angiogram with successful exclusion
of aortic aneurysm and patent bypass
grafts

and preserved biventricular systolic function. Protamine
was administered, and hemostasis was achieved. Four
drains were inserted, and the chest was closed in layers.
Finally, the patient was transferred to the intensive care
unit for continuity of care. A TEVAR procedure was per-
formed uneventfully 12days postoperatively. A ProGlide
preclose technique was used to allow a 22Fr percutaneous
right common femoral artery access. A stiff support wire
(Meier wire) was introduced into the proximal ascend-
ing aorta. Angiography demonstrated the neo-landing
zone within the graft (Figure 2). A Gore cTAG 37 x 20 was
implanted into the ascending graft and extended with a
further Gore cTAG. Finally, the seal zones were balloon
molded. Angiography confirmed exclusion of false lumen
with widely patent true lumen, bypass grafts, and visceral
vessels (Figure 2).
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2.2 |

Case 2

A 54-year-old male patient presented with sudden onset
of central chest pain radiating to the back and transient
right leg paresthesia. Imaging investigation showed
the presence of an intramural hematoma in the distal
aortic arch and a type B aortic dissection (Figure 3A).
Comorbidities included long-standing partially con-
trolled hypertension, acute renal failure, and thrombo-
cytopenia. The dissection affected the renal artery, and
during imaging review, we felt the “shotgun” renal ar-
tery to be driving the hypertension and the reduced renal
function. Therefore, the initial agreed approach following
the aortic MDT was to proceed with renal stenting/fenes-
tration to improve renal function and better control of his
hypertension. Subsequently, the retrograde progression
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of the intramural hematoma into the arch required ear-
lier surgical treatment given the absence of landing zone
for TEVAR. Invasive arterial and venous monitoring was
obtained through the left and right radial artery and the
right internal jugular vein. The right axillary artery was
exposed and anastomosed to 8 mm Dacron tubular graft
in an end-to-side fashion. The chest was entered through
a median sternotomy. The epi-aortic vessels were iden-
tified and looped. Cardiopulmonary bypass was estab-
lished through right atrial cannulation and arterial return
to the right axillary artery previously connected to a 22Fr
EOPA cannula and direct cannulation of the ascend-
ing aorta with a 24Fr EOPA cannula using a Seldinger
technique. A left ventricular vent was inserted through
the right superior pulmonary vein. Antegrade and retro-
grade cold blood cardioplegia was delivered for myocar-
dial protection. Body temperature was reduced to 18°C.
Non- invasive monitoring of cerebral oxygen saturation
was maintained with near-infrared spectroscopy (NIRS)
using INVOS™ 5100C oximeter monitoring system. The
epi-aortic vessels were divided and anastomosed in an
end-to-end fashion to a Gelweave Dacron trifurcated arch
graft (Vascutek) according to a “branch-first” technique
during the cooling phase. Then, circulatory arrest was

FIGURE 2 Angiography in steep
LAO pre- and post-TEVAR. Pre-graft
implantation shows no suitable native
landing zone, but suitable seal zone
within the ascending graft. Completion
angiography shows successful exclusion
of the proximal descending thoracic aortic
aneurysm with patent bypass grafts

initiated, the ascending aortic cannula was removed, and
antegrade cerebral perfusion delivered through the previ-
ously cannulated right axillary artery and subsequently
through the trifurcated graft maintaining continuous
bilateral cerebral perfusion. The ascending aorta was
opened, and the incision extended to the aortic arch. A
28 mm side-branched Gelweave Dacron graft (Vascutek)
was anastomosed distally at the origin of the left com-
mon carotid artery (Zone 1). Following completion of
the anastomosis, distal antegrade perfusion was restarted
through the side branch of the graft and rewarming initi-
ated. Then, the graft was clamped, the aortic valve leaf-
lets were re-suspended, and the proximal anastomosis
was completed. Air was evacuated, and the clamp was
removed with spontaneous return of the heart into sinus
rhythm. Finally, the proximal end of the trifurcated graft
was connected to the newly created ascending aorta in
an end-to-side fashion and was marked using Ligaclips
to aid subsequent TEVAR procedure. Weaning off car-
diopulmonary bypass was uneventful. Trans-esophageal
echocardiographic assessment showed preserved biven-
tricular systolic function and absence of aortic regurgita-
tion. Protamine was administered, and hemostasis was
achieved. Two chest drains were inserted, and the chest
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FIGURE 3 CT aortic angiogram. (A)
Type B aortic dissection extending to the
aortic bifurcation; additional retrograde
extension with intramural hematoma
extending to the aortic valve; absence

of genuine proximal landing zone for
TEVAR; evidence of end-organ ischemia
with shotgun right renal artery and
delayed right nephrogram in the context
of deteriorating renal function. (B) Surface
shading reconstruction after surgical
procedure with creation of a suitable
landing zone for TEVAR and persistent
dissection beyond the distal anastomosis.
(C) Surface shading reconstruction 1-year
post-intervention with widely patent

true lumen and bypass grafts; total aortic
remodeling and complete obliteration of
the false lumen

was closed in layers. Finally, the patient was transferred
to the intensive care unit for continuity of care. A TEVAR
procedure was performed uneventfully 2months later
based on a PETTICOAT and STABILIZE technique.™
A ProGlide preclose technique was used to allow per-
cutaneous 24Fr right common femoral artery access. A
Gore cTAG was partially deployed immediately beyond
the great vessel bypass graft. 100% inner curve angula-
tion was utilized and the graft fully deployed. A comple-
tion TEVAR was achieved just proximally to the coeliac
axis, followed by Cook Zenith dissection stent to aortic
bifurcation (PETTICOAT technique) prior to STABILIZE
technique. A catheter was placed in the false lumen prior
to aortic balloon molding to provide landmark for true
lumen expansion; potentially aid target vessel catheteri-
zation in the event of occlusion post-molding; confirm
false lumen obliteration; and finally provide access for
false lumen coil/plug embolization if needed. Balloon
molding of the whole stented aorta was performed from
proximal graft to aortic bifurcation with visible disrup-
tion of the aortic flap. Angiography confirmed exclusion
of false lumen with widely patent true lumen, bypass
grafts, and visceral vessels (Figure 4).
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Case 3

A 41-year-old male patient presented with acute abdomi-
nal pain to the Emergency Department. Imaging investi-
gation revealed the presence of non-A non-B distal aortic
arch dissection with large entry tear and compression of
the true lumen, dilatation of the aortic root (4.2 cm in di-
ameter) and the ascending aorta (5 cm in diameter), and
bovine aortic arch anatomy with separate origin of the left
vertebral artery (Figure 5). Echocardiographic assessment
showed a bicuspid aortic valve with moderate to severe re-
gurgitation and preserved left ventricular systolic function.
Comorbidities included renal impairment and refractory
hypertension despite full medical treatment with multiple
agents. The outcome of the aortic MDT was in favor of total
aortic arch replacement and TEVAR if required to address
further tear in the proximal descending thoracic aorta to
avoid expansion of the false lumen. Invasive arterial and
venous monitoring was obtained through the left and right
radial artery, the right femoral artery, and the right in-
ternal jugular vein. The right axillary artery was exposed
and anastomosed to 8 mm Dacron tubular graft in an end-
to-side fashion. The chest was entered through a median
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sternotomy. The epi-aortic vessels were identified and
looped. Anatomical features were consistent with a bovine
aortic arch with separate origin of the left vertebral artery
from the aortic arch. Cardiopulmonary bypass was estab-
lished through right atrial cannulation and arterial return
to the right axillary artery and ascending aorta. A left ven-
tricular vent was inserted through the right superior pulmo-
nary vein. Antegrade cold blood cardioplegia was delivered
directly through the coronary ostia for myocardial protec-
tion. Body temperature was reduced to 18°C. Non-invasive
monitoring of cerebral oxygen saturation was maintained
with NIRS using INVOS™ 5100C oximeter monitoring sys-
tem. The epi-aortic vessels were divided and anastomosed
in an end-to-end fashion to a Gelweave Dacron trifurcated
arch graft (Vascutek) previously connected to the right
axillary artery, according to the “branch-first” technique.
Then, circulatory arrest was initiated, the ascending aortic
cannula was removed, and antegrade cerebral perfusion
was delivered through the previously cannulated right ax-
illary artery and subsequently through the trifurcated graft
maintaining continuous bilateral cerebral perfusion. The
ascending aorta was opened and the incision extended to
the aortic arch followed by complete excision of the aneu-
rysmal ascending aorta and aortic arch. The left subclavian
artery and the aberrant left vertebral artery were divided
on a common aortic wall button for anastomosis at a later

FIGURE 4 (A) Angiography
demonstrates suitable proximal landing
zone in the ascending aortic interposition
graft with patent bypass grafts. Gore
cTAG thoracic graft partially deployed
with 100% angulation applied to maximize
inner curve wall apposition to prevent
“bird-beaking.” (B) CO2 angiography

to minimize nephrotoxic iodinated
contrast shows implanted Cook Zenith
dissection stent through the abdominal
aorta (PETTICOAT technique), but

with compression in the true lumen

and persistent flow in the false lumen.
Middle fluoroscopic grab image shows
molding balloon dilatation of true lumen
(STABILIZE technique). Final angiogram
shows widely patent true lumen and
visceral vessels with obliteration of false
lumen

(B)

stage. The distal anastomosis was performed in zone 3 with
two separate Dacron tubular grafts: an internal 26 mm
Dacron graft (4 cm in length) as an elephant trunk with an
external Teflon strip to address the proximal descending
thoracic aorta; a 28 mm side-branched Gelweave Dacron
tubular graft (Vascutek) to replace the aortic arch and the
ascending aorta. Following completion of the anastomosis,
distal antegrade perfusion was restarted through the side
branch of the graft which was clamped proximally. The
island including the left subclavian and the aberrant left
vertebral artery was connected to the trifurcated graft in
an end-to-side fashion and perfused followed by rewarm-
ing. Then, the native aortic valve was excised and replaced
with a 25mm On-X mechanical prosthesis in the supra-
annular position using interrupted pledgeted sutures. The
proximal anastomosis between the native aortic root and
the newly created ascending aorta was completed. Finally,
the proximal end of the trifurcated graft was anastomosed
to the ascending aortic graft in an end-to-side fashion and
was marked using Ligaclips to aid subsequent TEVAR pro-
cedure. The aortic cross-clamp was released following de-
airing. Two atrial and two ventricular pacing wires were
placed. Weaning off cardiopulmonary bypass was unevent-
ful with satisfactory trans-esophageal echocardiographic
assessment. Hemostasis was achieved with blood products
and surgical sealants. Four chest drains were inserted and
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FIGURE 5 CT aortic angiogram. (A)
Type B aortic dissection with the entry
tear at the level of the left subclavian
artery and concurrent ascending

aortic aneurysm; (B) surface shading
reconstruction following surgery

the chest closed in layers. Subsequently, the patient was
transferred to the intensive care unit for continuity of care.

Satisfactory expansion of the true lumen (TL) was
achieved as confirmed by imaging investigation postop-
eratively. The MDT decision was for surveillance with a
view to TEVAR, or further surgery in the future should
expansion of the false lumen occur.

24 | Case4

A 55-year-old male patient was referred to our unit for ex-
panding false lumen in the aortic arch following repair of
type A aortic dissection with interposition Dacron graft to
the ascending aorta 7months earlier in a different hospi-
tal (Figure 6). Imaging investigation confirmed increased
dimension of the false lumen from 4 cm to 5.5 cm. The
outcome of the aortic MDT was to proceed to elective aor-
tic arch replacement with a hybrid frozen elephant trunk.
Subsequently, he was admitted to his local hospital with

. 7 of 14
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further onset of chest pain and imaging investigation sus-
picious for new penetrating ulcer of the aortic arch distal
to the origin of the left subclavian artery without active
extravasation or mediastinal hematoma. Therefore, the
patient was transferred to our intensive care unit for ag-
gressive blood pressure control and expedition of the sur-
gical procedure. Further CT aortic angiogram revealed
anatomical stability but incompleteness of the circle of
Willis, which played a key role for the choice of surgi-
cal strategy. Invasive arterial and venous monitoring was
obtained through the left and right radial artery, and the
right internal jugular vein. The left and right axillary ar-
teries were exposed and anastomosed to 8 mm Dacron
tubular graft in an end-to-side fashion. A guide wire was
inserted through a 6Fr left common femoral artery access
and directed into the true lumen of the aorta under fluoro-
scopic imaging to guide stent insertion at a later stage of
the procedure. Cardiopulmonary bypass was established
through percutaneous cannulation of the right femo-
ral vein and arterial return to the axillary artery grafts



MWI LEy_ClinicaI Case Reports

CAPOCCIA ET AL.

Open Access,

bilaterally. The chest was entered through the previous
median sternotomy. Extensive dissection was required
due to strong adhesions from previous surgery. Body tem-
perature was reduced to 18°C. Non-invasive monitoring
of cerebral oxygen saturation was maintained with NIRS
using INVOS™ 5100C oximeter monitoring system. The
innominate vein was doubly ligated and divided to facili-
tate access to the epi-aortic vessels which were identified,
dissected, and subsequently clamped to initiate antegrade
cerebral perfusion through the previously cannulated
right axillary artery. The innominate and the left common
carotid arteries were de-branched and anastomosed in an
end-to-end fashion to a separate trifurcated Dacron graft.
Following circulatory arrest, the ascending aortic Dacron
graft was opened and the incision extended to the aortic
arch. Antegrade cold blood cardioplegia was delivered di-
rectly through the coronary ostia for myocardial protec-
tion. The origin of the left subclavian artery was closed
from the inside with pledgeted sutures in view of previous
difficult access from the outside. A 34 mm Valiant Navion
aortic Coveredseal stent graft (Medtronic) was advanced
antegradely over the previously inserted wire and placed
across the distal aortic arch and the proximal descending
thoracic aorta. Balloon molding ensured further expan-
sion and adhesion to the aortic wall. The proximal end of
the stent was secured to the aortic wall at the origin of the
left common carotid artery (zone 1) with double Teflon
buttress using two layers of continuous Prolene sutures.
A 32mm side-branched Gelweave Dacron tubular graft
(Vascutek) was sutured to the stent to replace the aortic
arch as a hybrid frozen elephant trunk. After completion

FIGURE 6 CT aortic angiogram
showing frontal (A), transverse (B), and
longitudinal (C) views of the expanding
lesion

of the distal anastomosis, the aortic arch graft was clamped
and the systemic circulation was resumed. The proximal
anastomosis between the newly created aortic arch and
the previous ascending aortic graft was completed, and
the clamp was removed. The proximal end of the trifur-
cated graft was anastomosed to the aortic arch graft in
end-to-side fashion. Then, the left axillary artery graft was
transposed into the mediastinum via tunneling through
the intercostal space and sutured to the side arm of the
aortic graft in end-to-end fashion. Following rewarming,
cardiopulmonary bypass was weaned off uneventfully.
Two atrial and two ventricular pacing wires were placed.
Trans-esophageal echocardiographic assessment showed
preserved biventricular systolic function with appropri-
ate placement and expansion of the stent in the proxi-
mal descending thoracic aorta. Hemostasis was achieved
with packing, blood products, and surgical sealants. Four
drains were inserted and the chest closed in layers. Aortic
angiogram confirmed the satisfactory position of the en-
dovascular stent without leakage and patency of the grafts
to the epiaortic vessels. The patient was transferred to the
intensive care unit for continuity of care. The postopera-
tive CT-scan showed persistent satisfactory outcome of
the TEVAR procedure (Figure 7).

3 | RESULTS

Table 1 gives key perioperative and postoperative data.
Case complexity required longer cardiopulmonary bypass
time for patient 3 and 4. Complications following surgery
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are listed in Table 2. No endoleak was observed following
endovascular treatment early postoperatively.

At latest follow-up, a CT-aortic angiogram has shown
stable anatomical features for patient 1 and patient 2, re-
spectively 18 and 16 months postoperatively. The latest
CT-aortic angiogram for patient 3 has shown stable ana-
tomical features with residual flap in the distal thoracic
aorta and no thrombosis of the false lumen at 10 months
postoperatively. Although no endovascular leak was de-
tected early postoperatively, a follow-up CT-aortic angio-
gram for patient 4 has revealed a small type 2 endoleak
in proximity of the origin of the left Subclavian artery for
which he underwent a successful embolization.

4 | DISCUSSION

Aggressive anti-hypertensive treatment remains widely
accepted as the initial approach for uncomplicated acute
type B aortic dissection.>’ Nevertheless, medical treatment
alone is not completely effective in preventing further pro-
gression of the disease with only 41% 6 year intervention-
free survival,*? associated morbidity of 30%> and higher
annual aortic growth rate in the presence of partial throm-
bosis of the false lumen.** Endovascular intervention is
considered for type B aortic dissection complicated by
aortic rupture, end-organ ischemia, persistent pain, and

FIGURE 7 (A) Postoperative CT
aortic angiogram showing the position
of the stent in the proximal descending
thoracic aorta. (B) Surface shading
reconstruction of CT angiogram with
emphasis on the graft from the left
subclavian sutured to the branch of the
ascending aortic graft. (C) Further 3D
reconstructed view showing a more
complete overview of the anatomical
relationships
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hypertension despite full medical treatment, early false
lumen expansion, and large single entry.*>*® Endovascular
intervention for uncomplicated acute type B aortic dissec-
tion is emerging as an attractive option in view of the sub-
optimal long-term outcome of medical treatment alone,
with up to 50% mortality at Syears and up to 50% delayed
expansion of the false lumen at 4years.”” Although the
INSTEAD?® and the ADSORB** trials have confirmed
a higher rate of favorable aortic remodeling compared to
medical treatment alone, there is still controversy whether
these findings may lead to reduced long-term mortality
sufficient to balance the early perioperative hazards of
endovascular intervention.*! Nevertheless, extended fol-
low-up of the INSTEAD trial (INSTEAD-XL) has shown
that aorta-related mortality and disease progression were
significantly lower after 5years in TEVAR patients com-
pared to those receiving only medical treatment.** Age
and dilatation of the thoracic aorta are associated with a
higher risk of death, whereas false lumen thickness and
concomitant abdominal aortic dilatation increase the risk

for aortic events during follow-up of patients with uncom-
plicated type B aortic dissection.*® In addition, more recent
evidence confirms an independent survival advantage for
TEVAR over medical treatment adding further input for
a paradigm shift in the acute management of type B aortic
dissection in favor of early TEVAR.* The concept of “time
until treatment equipoise” (TUTE) has been developed as
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TABLE 1 Perioperative and

Patient 1 Patient 2 Patient 3 Patient 4 .
postoperative data
X-clamp (min) 47 min 137 246 113
CPB (min) 87 min 278 342 327
DHCA (min) - 81 87 113
Cerebral ischemic time (min) - 0 0 0
CICU stay (days) 5 7 5 3
Postop stay (days) 16 14 13 6

Abbreviations: CICU, cardiac intensive care unit; CPB, cardiopulmonary bypass; DHCA, deep
hypothermic circulatory arrest; Postop stay, postoperative stay; X-clamp, aortic cross-clamp.

TABLE 2 Postoperative complications

Complications
Patient 1 Transient delirium
Patient 2 Drainage of pleural effusion
Patient 3 Complete atrio-ventricular
block
Patient 4 None

an attempt to offer more detailed risk quantification for dif-
ferent treatments.* Patient's prognosis is significantly in-
fluenced by false lumen diameter, location of the primary
entry site, and retrograde progression of the dissection into
the aortic arch.*® Therefore, the ultimate question is to
identify those patients with type B aortic dissection who
may benefit from early intervention regardless of whether
they are complicated or not. Although TEVAR remains the
treatment of choice in acute complicated type B aortic dis-
section,””*® peripheral arterial disease, severe tortuosity of
the iliac arteries, a sharp angle of the aortic arch, and the
absence of a proximal landing zone for the stent graft are
indications for open surgery. The cases presented in this
context are examples of how aortic changes or complica-
tions may benefit from a hybrid approach, which may be-
come the way forward at an earlier stage as an attempt to
reduce the onset of false lumen expansion frequently ob-
served in patients on anti-hypertensive treatment, in the
absence of a feasible standalone TEVAR solution. Besides,
the onset of type B aortic dissection in the context of aneu-
rysmatic ascending aorta and/or aortic arch may well ben-
efit from a hybrid approach. Combining the advantages of
surgery and stenting may lead to a more versatile treatment
option. Our strategy includes the use of a PETTICOAT and
STABILIZE technique when appropriate and safe to do so.
STABILIZE results in higher abdominal aortic remodeling
with total false lumen thrombosis although the risk of aor-
tic rupture from balloon molding needs to be taken into
account.” The frozen elephant trunk technique may have
a role to play in the absence of a proximal landing zone
as it eliminates the risk of retrograde progression of the
dissection.*” The benefit of a multidisciplinary approach
to high surgical risk patients has been acknowledged and

previously described.”*>* More specifically, in our case, the
key element for the management of patients with complex
aortic disease remains a true multidisciplinary approach
based on close cooperation between cardiac and vascular
surgeons and interventional radiologists. The value of this
approach has also been experienced by one of the authors
in a different centre® > although still not completely and
widely practiced. We did experience few postoperative
complications but it is reassuring that none of the pa-
tients developed cerebrovascular accidents, required re-
exploration for bleeding, developed malperfusion or any
type of endoleak early postoperatively. Patient 3 developed
late onset of paresthesia in the right upper limb on follow-
up with negative imaging investigation. Patient 4 under-
went successful embolization of the left Subclavian artery
type 2 endoleak. The clinical conditions of all patients re-
main satisfactory at further follow-up.

We cannot make claims based on four cases only.
Nevertheless, these are examples of how treatment may
evolve toward a more aggressive hybrid approach based
on close cooperation between specialists with a common
aim. At the time of the study, the Thoraflex and Evita de-
vices were not readily available to our group. In addition,
the use of an alternative approach based on graft deploy-
ment under direct vision was considered an appropriate
choice. Given the unfavorable anatomy of the cases, the
use of composite devices such as Thoraflex and Evita with
inferior radial force compared to Endovascular stents
may potentially lead to incomplete expansion requiring
balloon molding peri-operatively. As a group, we prefer
to reduce the use of balloon dilatation unless strictly nec-
essary. It is worth bearing in mind that bovine anatomy
findings in patient 3 are not uncommon as highlighted
in previous studies,’ although there is no mention about
this aspect in current guidelines. It is also noteworthy
that current guidelines put more emphasis on the signif-
icance of family history of aortic dissection, overlooking
the crucial role of “individual” history of aortic dissec-
tion, in the same patient in a different aortic segment,
on decision-making and aortic size threshold for early
intervention. Each of the four patients presented in this
context has a unique presentation that deserves specific
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attention by a team of specialists during a MDT meet-
ing, which confirms its value and rationale. Besides, a
more personalized approach based on patient-specific
modeling may add a different dimension.”®*"** The ability
to model and simulate the effect of device implantation
with reference to key elements and discuss the findings
during a MDT meeting would allow visualization of the
intended therapeutic approach and help with preoper-
ative planning in relation to treatment optimization
and outcome prediction.®*™*” The mapping of certain
patterns of flow behavior may also help identify poten-
tial problems during patients' follow-up and become an
aid for decision-making should further treatment be re-
quired.®®® Although experience and clinical judgment
still remain essential for this purpose where the clini-
cian is the ultimate decision-maker, the ability to make
a final decision on a difficult case following a simulation
approach would be an attractive prospect. Evidence-
based practice (EBP) advocates that everything has to
follow the outcome of rigorously designed randomized
controlled clinical trials (RCTs). Nevertheless, there will
always be gray areas without clear answers or treatments
that have shown their beneficial effect despite the ab-
sence of the required evidence. EBP is meant to provide
a secure ground for clinical decision-making which may
not be realistic. EBP seeks to address uncertainty but
it cannot eliminate it. The results of trials are applica-
ble in general but may not be completely suitable for a
specific group of patients or even for the single patient,
bringing to mind Heraclitus words, “No man ever steps
in the same river twice, for it is not the same river and
he is not the same man.” A limitation of the interpreta-
tion of RCTs is the apparent willingness to disregard the
importance of the context and minimize the complexity
of the individual patients involved.”” As clinicians, we
would like to have a solid ground for decision-making
but the reality is that this ground in some areas of prac-
tice is controversial, still evolving or does not exist. A
more personalized approach to treatment may add a dif-
ferent dimension with some potential advantages as long
as it is considered in the appropriate context and not as
a “magic bullet.” Nevertheless, willingness, initiative,
and common sense may well lead to the development of
a common language that may ease fears and help build
more bridges toward better cooperation between clini-
cians and scientists.

5 | CONCLUSION

Different factors may affect outcome following complex
aortic procedures. Nevertheless, the role of the aortic team
based on a close cooperation between cardiac surgeons,

vascular surgeons, and interventional radiologists may re-
duce potential for complications and address aspects that
may not be completely within the domain of individual
specialists. Endovascular intervention has contributed to
reduce morbidity and mortality in complex disease and
remains the gold standard in acute complicated type B
aortic dissection. Nevertheless, its use remains controver-
sial in the context of uncomplicated type B aortic dissec-
tion as primary approach. Further developments should
hopefully continue to improve outcome and reduce cur-
rent controversy. Patient-specific modeling based on a
multi-disciplinary cooperation involving clinicians and
engineering scientists has the potential to become an es-
tablished approach in the context of a multi-disciplinary
meeting for clinical decision-making. This is an aspect we
may consider to address in a future study.
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