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Introduction

Acute aortic dissection occurs at a rate exceeding that of 
aortic aneurysm rupture in the United States (1). The 
mortality of undiagnosed or delayed diagnosis of acute 
aortic dissection exceeds 50% at 24 hours (2). Aortic 
dissection has an incidence of about 2.9–3.5 per 100,000 
person years (3,4). There are numerous patient specific 
factors that have been implicated in the development of 
aortic dissection, including male gender, a family history 
of connective tissue disorders, hypertension, and structural 
abnormalities of the aortic wall. 

Dissections of the aorta were historically classified using 
one of two systems, the Debakey classification and the 
Stanford classification. The Debakey classification consists 
of type I (dissection originating in the ascending aorta and 
extending distally to involve the remainder of the aorta), 
type II (dissection originating/confined to the ascending 

aorta), type IIIa (dissection originating in the descending 
and limited to the descending thoracic aorta) and type IIIb 
(dissection originating in the descending aorta and involves 
the abdominal aorta). Stanford type A dissections involve 
the aortic arch proximal to the innominate artery and type 
B dissections involve only the thoracic and abdominal aorta 
distal to the left subclavian artery (5,6). A recent Society of 
Vascular Surgery and Society of Thoracic Surgery consensus 
document redefined the anatomic classification and 
reporting of thoracic aortic dissections. This classification 
system divides the aorta into 11 anatomic zones extending 
from the arch (zone 0) to the external iliac artery (zone 11). 
The dissection is defined as type A if the entry tear involves 
zone 0 of the aortic arch, and type B if it originates from 
zone 1 to zone 11. Type A dissections are further defined 
as AD, where subscript D delineates the zone of distal 
involvement. Type B dissections are further defined as BP,D 
where subscript P is the extent of proximal involvement and 
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subscript D is the extent of distal involvement (7). 
Approximately 60 percent of patients with aortic 

dissection present with Type A dissections, while 40 percent 
present with type B dissections (2,8-10). The hallmark of 
treatment of type B aortic dissection remains expeditious 
diagnosis, prompt medical treatment as a first step, and 
immediate recognition of malperfusion syndromes (1). 
Once a type B aortic dissection has been diagnosed, prompt 
medical treatment is the mainstay of initial treatment. 
This consists of normalizing patient hemodynamics with 
both blood pressure and impulse control. Most authors 
and societal guidelines advocate for initial impulse control 
with intravenous beta-blockers followed by blood pressure 
control with intravenous vasodilators (11). The 30-day 
and 1-year mortality of acute type B dissections that are 
treated medically are favorable compared to those treated 
surgically in the acute setting. However, patients treated 
medically require consistent surveillance—long term studies 
of patients with an acute type B aortic aneurysm treated 
medically have shown that 29% of patients require aortic 
surgical intervention in the follow-up period and 38% were 
dead at an average of 4.3 years of follow up (12). 

Complicated aortic dissection: definition and 
overview of treatment

High-risk aortic dissection is defined as the presence of 
refractory hypertension (greater than three treatment 
modalities) and persistent abdominal or back pain that lasts 
for more than 12 hours despite maximal medical therapy. 
Another category of high risk aortic dissection is those with 
concerning radiographic features defined as aorta diameter 
greater than 40 mm, entry size tear greater than 10 mm, 
and a proximal entry tear (13,14). Complicated dissections 
are defined as those with evidence of rupture or end-organ 
malperfusion either radiographically or clinically. End organ 
malperfusion manifests as lower limb ischemia, visceral 
malperfusion, renal failure, stroke, and spinal cord ischemia. 
Malperfusion syndromes typically manifest as either lower 
limb malperfusion (LLM) or visceral malperfusion, with 
varying rates and differing treatment paradigms. 

Treatment of the proximal entry tear

Since the 1990s percutaneous methods of revascularization 
have been increasingly adopted with remarkable success. 
Malperfusion related to dynamic obstruction by the false 
lumen may be improved just with proximal coverage of 

the entry tear using a thoracic aortic endograft (TEVAR), 
but continued malperfusion after entry tear coverage 
requires branch vessel stenting. Recent large series of 
entry tear coverage in complicated type B dissection 
have shown excellent rates of resolution of ischemia with 
TEVAR alone. The DISSECTION trial investigated the 
use of the Medtronic Valiant thoracic endograft in acute 
complicated type B dissections and demonstrated resolution 
of malperfusion in 46/50 (92%) of patients treated 
with proximal TEVAR alone, while 4/50 (8%) required 
additional endovascular procedures to restore perfusion (15). 

Composite device designs have also been shown to 
be successful in treating complicated type B dissection. 
Although primarily developed and marketed as an adjunct 
to prevent chronic degeneration, studies of the Cook 
dissection stent device using the PETTICOAT technique 
have demonstrated high rates of resolution for malperfusion 
syndromes. This device utilizes a covered proximal aortic 
endograft to cover the entry tear and subsequent bare metal 
stents distally to expand the true lumen. In the STABLE 
II trial (16), the Cook dissection stent device was used 
to treat 73 patients presenting with rupture (20/73) and 
malperfusion (57/73). All the patient in the study were 
treated with a proximal stent graft, and the dissection 
specific stent was utilized in 58/73 patients. Freedom from 
all-cause mortality was 80% at 1 year, and 9/73 patients 
required secondary endovascular re-interventions at 1 year.  
The 1-year results suggest that proximal coverage 
combined with distal extension with a bare metal dissection 
stent is a promising first line treatment of malperfusion in 
complicated type B aortic dissection. This is likely due to 
the ability of the bare stent to decrease the false lumen area 
and promote false lumen thrombosis improving perfusion. 
In the STABLE II trial all patients demonstrated some 
degree of false lumen thrombosis at 12 months of follow-
up (16). Some authors have advocated the addition of 
balloon angioplasty to the PETTICOAT technique. They 
theorize that the “stent assisted balloon induced intimal 
disruption and re-lamination in aortic dissection repair or 
STABILISE” (17-19) will improve outcomes by creating 
a single channel aorta that is relined with a composite 
graft system. Faure et al. reported mid-term outcomes 
on 41 patients treated with the STABILISE technique, 
they report 1 death at 30 days and no aortic related deaths 
at 1 year. They report additional stenting of 15 visceral 
vessels originating from the false lumen. 39/41 patients 
had a stable or decreasing aortic diameter, they concluded 
that STABILISE is a safe and reproducible technique for 
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establishing uni-luminal flow, however longer-term studies 
are required to evaluate the effect of angioplasty on long 
term aortic remodeling. 

LLM syndrome

LLM syndrome is a relatively common complication 
of acute aortic dissection. It accounts for up to 73% 
of malperfusion complications associated with type B 
dissection (20) and it can be the sole malperfusion syndrome 
in 52% of cases (20). LLM syndrome is more common in 
the setting of an acute aortic dissection when compared 
to chronic long-standing dissection. The majority of 
patients (87%) present with acute unilateral ischemia and 
approximately half of patients (56%) present with bilateral 
ischemia (20). 

LLM often presents as an acute surgical emergency. The 
approach to revascularization of LLM consists of either 
open surgical or endovascular intervention. The type of 
open surgical approach utilized depends on presenting 
symptoms and laterality (bilateral vs. unilateral). LLM 
presenting in a solitary limb with no other associated 
malperfusion syndromes is most often re-vascularized with 
a femoral-femoral bypass. If both lower extremities are 
malperfused with preserved perfusion of the visceral vessels 
then an axillary bi-femoral bypass may be performed. Open 
surgical treatment for LLM in the presence of visceral 
compromise necessitates open septostomy of the aortic 
dissection flap with perfusion of the lower extremities 
as needed either with an in-situ bypass graft or an extra-
anatomic bypass. 

Endovascular intervention is a viable alternative in 
patients with suitable anatomy. These techniques have 
been proposed as a potential intervention since the 1990s 
and often consist of a hybrid approach of TEVAR with 
or without additional distal revascularization (21). The 
initial approach consists of identifying the proximal entry 
tear and utilizing a thoracic endograft to cover the entry 
tear and prevent the majority of flow into the false lumen. 
Distal revascularization is then achieved with stenting to 
restore the true lumen into non-affected vessels (Figure 1).  
Another approach is to achieve distal endovascular 
fenestration of the aortic septum to equalize flow in both 
the true and false lumens and provide distal perfusion (22). 
In this case endovascular septostomy is initially formed with 
a guidewire and guiding catheter, once catheter position is 
identified to be in the false lumen either by angiography 
or intravascular ultrasound septectomy is performed. 

The septectomy is performed using a balloon catheter to 
further dilate the fenestration and mechanically breakdown 
the septum separating the two lumens creating two flow 
channels with more equivalent pressure. This procedure or 
its modifications utilizing commercially available arterial re-
entry catheters to gain entry into the false lumen have been 
reported in various series with high clinical success rates 
(23,24). Regardless of the method of fenestration utilized, 
additional aortic or iliac stent grafting may be needed 
to ensure proper flow to both lower extremities despite 
adequate endovascular fenestration. 

In a systematic review of 29 studies and 138 patients 
undergoing medical or surgical treatment of LLM 
syndrome (20), 16% were found to have mild ischemic 
symptoms and were treated medically,  while 37% 
underwent open surgical treatment and 47% underwent 
endovascular intervention.  50% of open surgical 
interventions consisted of an exploratory laparotomy and 
open fenestration, 46% consisted of extra-anatomic bypass 
(Axillary bi-femoral/femoral-femoral), and 4% of cases were 
treated with open thoracic/abdominal aortic reconstruction. 
In patients treated with endovascular approaches 54% 
underwent endovascular fenestration, 69% underwent 
thoracic or abdominal aortic stenting and almost all patients 
(95%) underwent distal (iliac/femoral) stent grafting. In 
patients who were treated with open surgical intervention, 
27% required re-intervention within 30 days of the index 
operation and 31% experienced a significant morbidity 
(acute renal failure, myocardial infarction, paraplegia, 
paraparesis, chest infection, colectomy, contralateral lower 
limb ischemia and amputation above the knee). Mortality 
in patients treated with open surgery was 14% at 30 days 
of follow up. Comparatively patients treated endovascular 
interventions required re-intervention in 33% of cases 
at 30 days, and 46% of patients experienced a significant 
comorbidity (compartment syndrome with acute renal 
failure and transient hemodialysis, gastrointestinal ischemia, 
liver ischemia, isolated acute renal failure, and recurrent 
implanted stent collapse). The mortality in the endovascular 
cohort was 8% at thirty days. Endovascular intervention 
had a higher rate of re-intervention and morbidity but an 
overall lower mortality compared to open repair which it 
has largely supplanted as the first-line treatment for LLM 
syndrome in acute type B aortic dissection (20).

Visceral malperfusion syndrome

Visceral malperfusion occurs in up to 30 percent of patients 
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with acute type A aortic dissection and up to 20 percent in 
patients with acute type B aortic dissection. The incidence 
of visceral malperfusion in patients presenting with type 
B aortic dissection ranges from 13.8% to 25% in most 
contemporary series. Isolated mesenteric ischemia occurs 
in about 7% of patients presenting with type B aortic 
dissection (25). 

The diagnosis of visceral malperfusion is more nuanced 
when compared to LLM due to “soft” physical exam 
findings such as vague abdominal pain and nausea. Clinically 
significant laboratory derangements such as elevation of 
lactate, metabolic acidosis or an elevated creatinine often 
develop hours after the onset of ischemia potentially 
obscuring the window of treatment (7). Evidence of end 
organ damage on CT scan such as bowel compromise also 
lags significantly behind other clinical findings. Furthermore, 
the outcome of a delay in diagnosis for visceral malperfusion 

is associated with a higher mortality compared to a delay in 
diagnosis of lower extremity malperfusion, as severe visceral 
insults are often a lethal event (2). Obstruction of the visceral 
vessels can be a dynamic process secondary to a mobile aortic 
dissection flap that causes intermittent compression of the 
true lumen and intermittent visceral ischemia. Alternatively, 
a static obstruction occurs distal to the area of dissection, 
with thrombosis of the true lumen distal to the dissection 
flap secondary to compression by the false lumen at the area 
of dissection (25,26). 

The treatment modalities utilized in the management of 
the visceral aorta are similar to those employed in managing 
lower extremity malperfusion. The traditional approach 
has been open repair with replacement of the visceral aorta 
with branch vessel bypass, or open surgical fenestration of 
the dissection flap (25). This approach had an in-hospital 
mortality rate that approaches 40%, but it did result in the 

Figure 1 Endovascular treatment of complicated type B aortic dissection with LLM syndrome. (A) Entry tear in the thoracic aorta just 
distal to the left subclavian artery. (B) Dissection involving the left iliac system, compromising left lower extremity blood flow. (C) Successful 
coverage of entry tear with a Gore TAG device (Gore Medical, Flagstaff, AZ), sacrificing the left subclavian artery. (D) Bare metal stenting 
of the left iliac system to resolve static obstruction of the left iliac system. 

A C
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successful treatment of visceral malperfusion in over 90 
percent of patients. 

Entry tear coverage has recently become the mainstay 
of treatment. Most malperfusion syndromes including 
visceral malperfusion respond well to treatment of the entry 
tear using TEVAR, resulting in decreased perfusion of the 
false lumen and pressurization of the dissection flap into 
the visceral arteries. This is often enough to resolve most 
dynamic obstruction (15) but residual stenosis or occlusion 
of visceral vessels after proximal entry tear coverage requires 
subsequent visceral stenting, as seen in the patient treated 
in Video 1. Stenting of the vessel origins may be technically 
complicated if the ostium originates from the false lumen or 
is completely occluded. 

Endovascular fenestration is another technique utilized 
to restore perfusion in complicated type B dissection. A 
recent study from the University of Michigan detailed 
the endovascular management of complicated type B 
aortic dissection in 182 patients spanning the years 1996 
to 2018 (27). All these patients were initially treated 
with endovascular interventions, most with endovascular 
fenestrations (54%) with or without visceral stenting, with 
2.7% requiring concomitant TEVAR. Investigators deemed 
a pressure gradient of 15 mm of hg across an area of 
dissection in a visceral vessel to be indicative of a significant 
stenosis and requiring visceral stenting. They reported a  
30-day mortality of 7.6%, a 5-year mortality of 28% 
and a 10-year mortality of 49%, which is much lower 
when compared to historical mortality rates after open 
intervention for visceral malperfusion. 

Limitations of current treatment

Despite the much improved mortality rate of endovascular 
management of malperfusion syndromes, both visceral and 
that of the lower limb, it remains associated with a certain 
element of morbidity and mortality. Recent long term 
analysis of TEVAR vs. medical therapy in uncomplicated 
type B dissection shows benefit of pre-emptive TEVAR 
in promoting false lumen thrombosis and decreased 
aneurysmal degeneration (28). When treating malperfusion 
without addressing the proximal entry tear, this exposes the 
thoracic and abdominal aorta to the risk of degenerative 
changes and subsequent rupture (14). It is unknown 
whether endovascular fenestration without TEVAR has 
similar effects on aneurysmal degeneration, therefore there 
continues to be a slight increase in aneurysmal degeneration 
or rupture requiring re-intervention in the form of TEVAR. 
However, TEVAR in acute type B aortic dissection is 
associated with retrograde type A dissection in 1.7% of 
cases, with up to 33.6% resultant mortality for repair of the 
type A dissection. Stent graft associated primary tears occur 
in up to 3.4% of TEVAR in acute type B aortic dissection 
with an associated mortality of repair approaching 26.1%. 
Stroke rate in the acute setting approaches 2%, while 
the risk of spinal cord ischemia approaches 7% in most 
registries (27).

Conclusions

Treatment of malperfusion syndromes in complicated 
type B dissections, require expeditious diagnosis, prompt 
medical therapy, and often immediate surgical intervention. 
Endovascular interventions have largely replaced open 
surgical intervention for complicated type B dissections, 
especially in visceral malperfusion. There remains a strong 
role for extra-anatomic open bypass in cases of LLM. They 
are less morbid and complex procedures that provide a 
much improved mortality benefit to patients presenting 
with acute type B dissection.
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