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Opinion statement

Historically, type B aortic dissection was managed as a medical condition with limited
surgical intervention unless aortic rupture occurred. Today, however, evidence is building
that highlights the importance of strict medical management, timely surveillance, and
windows of opportunity for surgical intervention to address both early and late aortic-

based morbidities.

Introduction

Acute type B aortic dissection (TBAD) was previ-
ously thought to be a rare problem, with estimated
incidence of 2.9-3.5 per 100,000 person per year
[1]. However, studies identify the prevalence is five
times higher at 15 per 100,000 with 20-year
follow-up [2]. This incidence has increased, partly,
as the computed axial tomography (CT) scans are
utilized more frequently in patients with the chief
complaint of chest or abdominal pain. While an

early report documented 62 % patients died within
the first week and 93 % at the first year 3], today,
the mortality of TBAD has been reduced and was
reported to be as low as 10.6 % in-hospital mor-
tality with medical and surgical treatment [2, 4].
In this article, we will discuss contemporary manage-
ment of aortic dissection. We will limit the analysis to
the descending thoracic and abdominal aortas. We will
briefly review the pathophysiology as this often affects
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the treatment options. The majority of the review will management as well as the facets of surgical treatment,
focus on the important foundation of medical especially the growing role for endovascular repair.

Pathophysiology

Acute aortic dissection occurs when there is a tear in the aortic intima. This tear
is typically transverse [5], rarely circumferential but travels longitudinally,
cleaving the intima and medial layers of the aortic wall in a slow spiral. In
approximately 60 % of patients, this tear will originate in the ascending aorta
within the sinotubular junction and extend into the thoracoabdominal aorta
[6e]; these are classified as a Stanford type A dissection. Another 20-25 % of
entry tears will begin near the origin of the left subclavian artery, known as
Stanford type B dissections [6e]. Although many variations have been de-
scribed, the tear most commonly extends posterolaterally into the
thoracoabdominal aorta. This usually results in the mesenteric vessels and the
right renal artery arising from the true lumen, the left renal from the false lumen
[5]- The tear may terminate anywhere along the aorta and frequently travels all
the way to, and involving, the common iliac arteries (Fig. 1). An “acute
dissection” is defined as an aortic dissection occurring within 14 days of the
symptoms onset. It is considered “chronic” after 3 months and “sub-acute” as
the interim. Type A dissections are regarded as surgical emergencies, and their
management is not referenced further in this review. For the remainder of the
chapter, we will focus on acute type B aortic dissections (TBADs).

Malperfusion

The relationship of the true and false lumens is dynamic. Initially, the true
lumen collapses because of the loss of transmural pressure across the dissection

Fig. 1. Classification of dissections.

« Stanford: A, B.
» DeBakey: 1, 2, 3.
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flap and the subsequent elastic recoil of the medial smooth muscle [7].
Alternatively, the false lumen expands immediately because of reduced
elastic recoil, and percentage of the wall circumference involved [7].
Malperfusion syndrome occurs when there is end-organ ischemia due to
aortic branch compromise. Any of the aortic branches may suffer some
degree of compromise because of false lumen expansion, compression of
the true lumen, and in situ thrombosis [8]. Dynamic obstruction occurs when
the septum of the dissected intima prolapses into the ostia of a branch,
usually during systole, thereby not allowing adequate flow to perfuse the
vessel [9]. The ostia itself remains anatomically undamaged. When the
dissection tear extends into the vessel proper and narrows or thromboses
the artery, static obstruction occurs [9]. Static obstruction is unlikely to
resolve with restoration of more normal flow to the true lumen and may
result in stroke, renal failure, leg ischemia, etc. Approximately 20-30 % of
patients with type B dissections will have malperfusion syndrome, and this
strongly correlates with early mortality [10].

Risk factors

Management

The most common predisposing factor for TBAD is hypertension. A
history hypertension is noted in 70-80 % of patients [4, 6, 10]. Cocaine
use is also suspected to be a risk factor, although the actual frequency is
debated. In an inner-city hospital, as many as 37 % of patients admitted
with TBAD reported prior cocaine use [11]. However, the International
Registry of Acute Aortic Dissection (IRAD) study found only 0.5 % of
their enrolled patients were associated with cocaine abuse [10]. It has
been suggested that adventitial mast cells in cocaine users may potentiate
atherosclerosis and vasospasm [12]. Atherosclerosis is present in 40 % of
TBAD [10]. Previous cardiac surgery or prior aortic injury has also been
associated. Connective tissue disease can be related to structural weakness
of the aortic wall and therefore also lead to TBAD. While uncommon as a
whole, the four relatively common disorders are Marfan’s, Ehlers Danlos,
Loeys Dietz, and Turner syndromes. TBAD in pregnancy is rare, but it is
hypothesized that the physiologic changes of pregnancy can accelerate the
development of pathologic changes in the arterial wall. Half of the aortic
dissections in women less than 40 years of age are in association with
pregnancy [13]. Finally, high speed or extreme impact trauma is linked
with acute blunt aortic dissection. Various mechanisms explaining the
relative fixation of the aorta by the ligamentum arteriosum, entrapment
between the anterior thoracic bony structures with the vertebral column,
and sudden flow obstruction of a non-compressible fluid column have
been proposed.

The goal for treatment of an acute TBAD should be to decrease the shear force
on the aortic wall and reduce the force of the left ventricular ejection (dP/dT)
while maintaining perfusion to all vascular beds [14]. Indeed, control of he-
modynamics is critical to maximize true lumen perfusion and reduce the
likelihood of malperfusion and/or rupture.
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Medical therapy

In uncomplicated TBAD, class I evidence supports medical therapy as the
primary therapy [6®, 15-21]. These patients should be admitted to an intensive
care unit, with an objective to maintain the systolic blood pressure between
100-120 mmHg and decrease the heart rate to less than 60 beats per minute
[16]. First-line choice, if no contraindication, is beta-blockade (class I1a evi-
dence) [22, 23]. Short-acting infusions such as esmolol are favored as they can
be easily titrated. In our practice, we often employ labetolol infusion for the
combined anti alpha and beta effect. Acceptable alternatives to beta-blockers
are calcium channel antagonists [22, 23]. Additionally, renin-angiotensin in-
hibitors, alpha-1 adrenergic agents, and sodium nitroprusside have been used.
It should be noted that angiotensin II receptor blockers have been shown to
decrease aortic diameter growth in Marfan patients but are generally not used in
the acute setting of aortic dissection [24-26].

Adequate pain control is essential since pain can drive an elevated blood
pressure. Persistent or increasing pain, or new territory of pain may also indicate
progression of the dissection [19]. Foley catheter for hourly urine output is
requisite to identify the often insidious onset of renal malperfusion. Once the
blood pressure and pain are appropriately controlled, the patient may be
transitioned to oral medications and plans for mandatory follow-up imaging
and aggressive outpatient antihypertensive management.

Open repair

Surgical treatment was previously reserved for patients with complicated TBAD.
This included any patient with threatened or actual rupture as well as anyone
with malperfusion syndrome. Historically, open repair was associated with
substantial surgical morbidity. Mortality rates for open repair of an acute TBAD
ranged widely, from 6 to 69 % in several large series [27-30]. The anatomic goal
of open repair is to obliterate the false lumen flow by reconstruction the layers
of the wall at the distal anastomosis. This repair is limited to the proximal
descending thoracic aorta to avoid increased risk of paraplegia. However, up to
half of patients may still have persistent flow in the false lumen, and central
aortic grafting may fail to correct distal malperfusion despite surgery [31, 32].
Therefore, because of the variable success of open repair as well as the equiva-
lent results of medical therapy, open surgery for acute TBAD has been nearly
abandoned.

Endovascular repair

In 1999, endovascular repair of acute TBAD was reported in two sentinel papers
[33e, 34e]. Its minimally invasive access was attractive, obviating the consider-
able morbidity of an open thoracic procedure. The intent of a stent-graft repair
is to cover the entry tear of the acute dissection which reduces the flow and
pressure in the false lumen. This is thought to lessen the incidence and severity
of malperfusion as well as minimize aneurysmal degeneration of the outer wall
by inducing false lumen thrombosis.

The technical considerations of endovascular repair in acute dissection are
many. The operator must have firm knowledge of three-dimensional aortic
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topography provided by the pre-operative CT angiogram (CTA) as pre-
procedural planning is critical (Fig. 2). The 1-3 mm slices of the CTA should
include not only the major arch vessels and thoracic aorta but also the
iliofemoral arteries where many will obtain access for device delivery. As
thoracic endografts can be much larger than abdominal aortic endografts, it is
vital that adequate iliac diameter access is ensured. It is often necessary to
identify the true lumen with intravascular ultrasound (IVUS) during the case to
avoid inadvertent deployment of the graft into the false lumen. If there is
difficulty tracking the endograft up the thoracic aorta due to tortuosity or
underlying atherosclerotic disease, one may access the right brachial artery and
employ “through and through” access with intravascular snares. In acute TBAD,
unlike chronic thoracic aortic aneurysms, there is no oversizing of the graft. In
fact, many operators decline to post-dilate the proximal neck in fear of further
aortic disruption in the region of the entry tear of the acute dissection (Fig. 3).

Uncomplicated TBAD

To further explore the evolving role of stent grafting in acute TBAD, the
Investigation of Stent-grafts in Aortic Dissection (INSTEAD) trial was de-
signed [35¢]. It was a European prospective randomized multicenter trial
which compared stent grafting to maximal medical treatment for chronic
uncomplicated TBAD. Patients were randomized at 2 weeks after the onset
of symptoms, and the investigators found no difference in 30-day mortality
between the two groups. The 1 year mortality was higher in the thoracic
endovascular aortic repair (TEVAR) group (8.6 vs 3 %) likely a consequence
of periprocedural mortality. Notably, they found that over 90 % of patients
in the TEVAR group had complete thrombosis of their false lumen at 1 year,
and at 2 years there was a significant improvement in overall aortic re-
modeling (91.3 vs 19.4 %, p<0.0001). More recently, the extended follow-
up showed that those undergoing TEVAR had significantly lower aorta-
related mortality (6.9 vs 19.3 %, p=0.04) [36¢]. The International Registry of
Acute Aortic Dissection (IRAD) also reported decreased 5-year mortality in
TEVAR patients compared to medical therapy alone [37]. This suggests that
those undergoing medical therapy will continue to degenerate their aortas
after 2 years and will eventually reach size criteria for repair of a chronic

Fig. 2. CTA showing dissection of the
thoracic aorta.
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Fig. 3. Intra-operative images showing pre-
deployment and post-deployment of TEVAR.

TAA. Obviating the late need for aortic intervention after TBAD remains an
area of intense study to the merits of early TEVAR.

Complicated TBAD

Endovascular management of complicated TBAD, or TBAD with the presence of
malperfusion syndrome, is multifaceted. The entry tear, most commonly in the
thoracic aorta, should still be covered with an endograft. Distally, each
malperfused artery must be evaluated individually. A dynamic obstruction can
be managed with a balloon fenestration of the intimal flap thus increasing the
outflow of the false lumen and releasing the prolapsing intima of the arterial
ostia [38]. Conversely, a static obstruction will require accessing the true lumen
of the vessel and placing a stent [39] from the target vessel into the aortic lumen.
In principle, self-expanding stents in a compromised branch vessel should
precede aortic fenestration as the latter may alter aortic blood flow and make it
particularly difficult to regain access to the affected branch [40]. There are
several technique operators used to create an aortic fenestration. Reentry fen-
estration is usually made from the smaller (true) lumen into the larger (false)
lumen using various endovascular needles close to the branch itself. Confir-
mation is then performed by contrast injection, and a large angioplasty balloon
(12-15 mm) is expanded to create a fenestration tear of 20-40 mm. Similarly, a
“snare” fenestration can be utilized after delivering the wire between lumens
and snaring the wire from the contralateral femoral artery. The “scissors
technique” uses two stiff guide wires in each lumen from a single femoral access
while a single long sheath is advanced over the wires thereby creating a fenes-
tration [41]. The ideal result is a clean vertical tear not a circumferential
separation of the flap from the aortic wall. The goal is to equalize the peak
systolic pressures between the two lumens of the aorta and thereby
decompressing the false lumen. Because overaggressive fenestration can result
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Complications

in dramatic and unpredictable flow dynamic or complete intimal dehiscence
and obstruction, some limit fenestration to the distal aorta [42].

Because of the acute and emergent need for surgical intervention, there are
no randomized control trials of complicated TBAD. A prospective multicenter
European registry of 50 patients with complicated TBAD reported a 30-day
mortality of 8 % [43]. There are currently three meta-analyses detailing the
short- and mid-term results of complicated TBAD. Technical success was high,
95-99 %, while hospital mortality and neurological complications low, 2.6-9.8
and 0.6-3.1 %, respectively [44-46]. These results compare favorably with
surgical historical controls. As such, there is class Ila recommendation that
endovascular repair should be considered as a first interventional option for
complicated acute TBAD [37, 43-55].

Device related

TEVAR in acute TBAD is clearly advantageous in terms of mortality when
compared to open repair. The related complications, however, can be devas-
tating, and an open procedure may be the only method of correcting the
situation in rare instances.

Stroke

Any migration, mal-deployment, or increased angulation can cause “bird-
beaking” of the proximal edge of the endograft. This occurs as the edge of the
stent pulls away from the inner curvature of the aortic arch and can lead to
complete collapse of the entire endograft. This may require a second stent to
reinforce the collapsed stent and, in rare instances, can present with complete
cardiovascular collapse [56]. If the patient has underlying atherosclerotic dis-
ease and iliac stenosis, rupture of the iliac system can occur, during sheath
insertion, leading to massive hemorrhage or an ischemic leg. Retrograde type A
dissection after stent deployment can also develop, and although less than 2 %
of patients, the risk is thought to be increased with proximal balloon dilatation,
rigid non-compliant endografts, or lengthy bare metal stents [57].

Because manipulation of the aortic arch with catheters and sheaths is necessary
to accurately deploy a thoracic endograft, there is a risk of embolic stroke. Stroke
is reported in 3-10 % of cases and is naturally higher in those patients with
atherosclerosis in the aortic arch [58].

Spinal ischemia

The most dreaded complication of aortic surgery is spinal cord ischemia (SCI).
Historically, especially with open repair, incidence of SCI was as high as 20 %
[59]. Predictors of SCI are many and include the following: age, clamp time,
extent of aortic reconstruction, and emergency surgery [60]. As such, many
techniques to protect spinal cord perfusion have been developed.
Somatosensory-evoked potentials or motor evoked potentials can be utilized
intraoperatively to directly monitor spinal cord function in thoracic aortic
surgery [61, 62]. The use of distal aortic perfusion either by left heart bypass or
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extracorporeal circulation is protective of SCI in open repair, and class Ila
evidence shows a reduction of SCI from 11.2 to 4.5 % [63]. Another advantage
of full circulatory bypass is the permission of systemic hypothermia which is
also an effective method to reduce SCI [64, 65].

In endovascular repair, SCI for acute TBAD is related to the extent of aortic
coverage, history of previous aortic surgery, occlusion of left subclavian artery or
hypogastric arteries, and malperfusion as a result of hypotension at presenta-
tion [66-68]. SCI is reported in approximately 2-8 % of patients undergoing
TEVAR [43]. Cerebral spinal fluid (CSF) drainage has a role in decreasing the
risk of SCI in both open repair and TEVAR. Randomized controlled trials and
meta-analyses show a risk reduction of up to 75 % [59, 69]. Therefore, CSF
drainage should be considered in TEVAR for patients at high risk for SCI and
planned extensive coverage of the thoracic aorta (class Ila recommendation)
[67, 68]. Additionally, a recent study described further benefit when CSF
drainage is combined with intrathecal papaverine or intrathecal hypothermia
[70]. Potential complications of CSF drainage include as follows: meningitis,
epidural hematoma, subdural hematoma, and CSF leakage syndrome [71].

Special considerations

Pregnancy

TBAD

Age has been recently shown to be independent risk factor for mortality in
complicated acute TBAD. In-hospital mortality for patients undergoing
endovascular repair older than 70 years was 30.0 % compared to 10.1 % for
those younger than 70 years [72]. This trend is similar when comparing the
different age groups for open treatment as well as medical treatment.

Resultant hypertension from preeclampsia is most commonly the etiology of
aortic dissection during pregnancy; however, various connective tissue disorders

Fig. 4. Decision tree for surgical interven-
tion of acute dissection.

Complicated TBAD Uncomplicated TBAD Rapid Expansion

(malperfusion,
rupture)

Pain free
Adequate BP/HR control

Emergent TEVAR

+/- branch stenting and/or
fenestration

Urgent TEVAR

Urgent TEVAR

Surveillance imaging @ 1
mos, 3mos, 6mos,12 mos
then yearly
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Summary

can also put pregnant women at high risk. A dilated aortic root of 40 mm is the
best predictor of dissection in a pregnant Marfan's patient [73]. Those with
Marfan’s syndrome should be closely managed medically, unless rapid degen-
eration of the aorta, malperfusion, or rupture occur [74]. The timing of delivery
will depend on the fetal viability, although many recommend cesarean section
before aortic repair, if possible [75].

Type B aortic dissections are more common than previously thought and
should be evaluated for interventional consideration in a clear stepwise fashion
(Fig. 4). If the TBAD is complicated, emergent TEVAR is the first-line choice of
treatment. Aortic branch malperfusion should be evaluated and stented if
possible. In the setting of an uncomplicated TBAD, medical management
should be employed first with target blood pressure of <120 mmHg systolic and
HR<60 bpm. If these can be achieved, and the patient remains asymptomatic,
conservative management may be applied and surveillance performed with
CTA or MRA imaging at 1 month, 3 months, 6 months, 12 months, and
annually thereafter. Those patients with persistent pain or rapid aortic enlarge-
ment despite medical management should be offered a TEVAR if anatomically
suitable. Open surgery for acute TBAD should not be performed unless rupture
is present or as a means to repair endovascular-related complications.
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