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29.1  Introduction

Organ malperfusion is a possible complica-
tion of acute Type B aortic dissection (AD). 
Theoretically each branch arising from dissected 
aorta or downstream may be affected, resulting 
in end- organ ischemia. Obstruction of the celiac 
and/or mesenteric arteries may lead to visceral 
ischemia, which is one of the most lethal compli-
cations of AD. A timely diagnosis and treatment 
are crucial to increase the chances of survival. 
Nowadays, the endovascular approach is the 
most frequently adopted in order to restore blood 
flow to the bowel, while open surgery is usually 
reserved for the cases of failure of endovascular 
treatment. In this chapter, the incidence, prog-
nostic value, diagnosis, and operative manage-

ment of this dreaded complication of AD will be 
described.

29.2  Incidence and Prognostic 
Value

Two different mechanisms can lead to branch 
vessel obstruction: dynamic obstruction and static 
obstruction. The most common, occurring in 
about 80% of cases, is the dynamic obstruction. 
The incidence of malperfusion syndrome in acute 
Type B AD is about 20% [1], with mesenteric 
ischemia accounting for about one third of cases. 
Among complicated ATBAD, contemporary 
series report an incidence of visceral ischemia 
ranging from 14 to 25% [2]. Overall, in-hospital 
mortality directly related to the visceral ischemia 
ranges from 2 to 11% [2]. In the IRAD registry, 
visceral ischemia of TBAD patients was 7%, and 
it heavily affected in-hospital mortality, which 
was more than triplicated compared to patients 
without visceral ischemia (31% versus 9%) [3]. In 
this cohort, patients with visceral ischemia were 
slightly but significantly younger than patients 
without visceral ischemia (59 vs 64  years) and 
often had malperfusion of other organs associ-
ated. On average, Type B AD patients with vis-
ceral ischemia are younger than patients without 
visceral ischemia [3, 4].
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29.3  Diagnosis

In AD, malperfusion syndrome may become evi-
dent through onset of end-organ specific signs 
of ischemia. It is usually more severe in case of 
static malperfusion, while it may be intermit-
tent and of varying intensity in case of dynamic 
obstruction. In this case, care must be taken not 
to overlook the signs of ischemia, which can lead 
to a delay in diagnosis. Abdominal pain is pres-
ent in the majority of cases of visceral ischemia. 
Nonetheless it is not an exclusive sign of malp-
erfusion syndrome in AD, as it was reported to 
be present in 40% of patients without visceral 
ischemia [3]. Vomiting, diarrhea, and bloody 
defecation are more specific but later signs. 
Malperfusion of visceral organs may be associ-
ated with malperfusion of other districts. Kidney 
malperfusion with acute renal failure was 
reported in 40% of cases with celiac-mesenteric 
ischemia and only in 14% without. Femoral pulse 
deficit may be present, and a 28% rate of lower 
limb ischemia has been reported in patients with 
visceral malperfusion, while in patients without 
visceral malperfusion, it was 13%. Also spinal 
cord ischemia has been reported more often in 
association with visceral malperfusion (5% ver-
sus 2%). The suspicion of visceral malperfusion 
should increase in case of positivization of blood 
markers of ischemia. Levels of d-dimer, lactate, 
ammonia, transaminase, creatine phosphoki-
nase, and leukocytes may be elevated. Recently, 
other markers of mesenteric ischemia have been 
tested. The intestinal fatty acid-binding protein 
(I-FABP) was reported to have a sensitivity 
of 79% and a specificity of 91% [5]. However 
many markers of ischemia increase only after 
the intestine has become necrotic. Therefore, 
negative biochemical markers should not delay 
intervention if there is a strong suspicion of vis-
ceral malperfusion. In presence of clear perito-
neal signs, the patient should be treated without 
hesitation. Imaging evidence of visceral malper-
fusion syndrome includes true lumen compres-
sion, branch vessel dissection and thrombosis, 
and reduced late- phase visceral enhancement 
on computed tomography angiography (CTA) 
(Fig.  29.1). Doppler ultrasonography can show 

arterial thrombosis, dissection, or patterns of 
altered flow, but the sensitivity is not high.

29.4  Operative Management

Thoracic endovascular aortic repair (TEVAR) is 
currently the first-line treatment in acute compli-
cated Type B AD patients [6, 7]. The treatment 
consists in the coverage of the proximal entry 
tear in order to achieve expansion of the true 
lumen and decompression of the false lumen. 
Thus, celiac or mesenteric artery obstruction are 
reversed in most cases. Otherwise, additional 
branch vessel stenting may be necessary in up 
to 20% of the cases [8–10]. TEVAR is therefore 
effective in treating mesenteric malperfusion in 
the setting of dynamic obstruction [8]. However, 
in-hospital mortality rates are still considerable, 
ranging from 20 to 40% [9–11].

Furthermore, TEVAR-related complications 
may also occur in a small percentage of cases. 
Retrograde Type A AD and stent graft-induced 
new entry tears have been described, in particular 
in relation to the use of stent grafts provided of 
proximal bare spring [12, 13] or in case of exces-
sive oversizing [14]. In order to prevent such 
complications, the stent graft oversizing in Type 
B AD should not exceed 10%, and the proximal 
edge of the stent graft should be deployed in a 
non-dissected zone. The use of a distal aortic 
bare metal stent in combination with the standard 
TEVAR (PETTICOAT—Provisional Extension 
To Induce Complete ATtachment—technique) 
[15] has been proposed both for the treatment of 
persistence of malperfusion after TEVAR and for 
the prevention of late complications. In the long 
run, complications may occur in patients treated 
with TEVAR, and in particular an aneurysmal 
evolution should be expected. In these cases, an 
endovascular treatment with branched stent graft 
is feasible, but additional difficulties should be 
anticipated, especially if the visceral vessels orig-
inate from different lumina [16, 17].

Endovascular fenestration of the dissec-
tion flap is a valid treatment option in case of 
persistence of false lumen pressurization and 
dynamic obstruction. It can be performed also as 
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an alternative to TEVAR. If necessary, it can be 
accompanied by branch vessel stenting if static 
obstruction of a branch vessel is present.

A 17% early mortality rate was reported after 
endovascular fenestration in a cohort of 69 Type 
B AD patients with malperfusion performed in an 
experienced center. Mortality was due to aortic 
rupture in 7% of cases and malperfusion com-
plications in 10% [18]. Following endovascular 
fenestration, even more than after TEVAR, the 
risk of late aortic dilatation should be taken into 
account. Freedom from aortic rupture or aortic 
repair rates at 1, 5, and 8  years of 80%, 68%, 
and 54% have been reported [18]. The technique 
of endovascular flap fenestration entails gaining 

access to both lumina as a first step. In this phase, 
intravascular or intraesophageal ultrasonography 
may be of great help to distinguish the two lumina 
and identify the tears. It also helps reduce the 
use of iodinated contrast medium, which is par-
ticularly important in case of renal malperfusion 
to lower the risk of renal failure [15]. Pressure 
measurements allow to detect a pressure gradi-
ent between the two lumina, as well as between 
the proximal aorta and the branch vessels, pro-
viding an objective assessment of malperfusion. 
It is important to document the patency status of 
all branches before and after the procedure, as 
the resolution of obstruction in one branch ves-
sel may lead to unpredictable changes in mobil-

a b

c d

Fig. 29.1 Dynamic obstruction of visceral arteries (a axial view, c sagittal view), resolved after TEVAR (b axial view, 
d sagittal view)
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ity of the dissection flap and potentially cause 
dynamic obstruction of other branch vessels. If 
static obstruction of a branch vessel is found, this 
should be treated by stenting prior to the fenestra-
tion procedure. In order to perform fenestration, 
the dissection flap needs to be crossed through 
a reentry tear, which is usually present at the 
level of branch vessels. Because the true lumen 
is smaller, it is usually easier to cross from the 
true lumen to the false lumen. If no reentry tears 
are found, it is possible to pierce the dissection 
flap using a catheter and a stiff guidewire at the 
level of the obstructed artery. Then a guidewire is 
advanced through the fenestration, and serial bal-
loon angioplasty is performed until the pressure 
differential between the two lumina is abolished. 
If necessary, a bare metal stent may be placed in 
the true lumen to preserve patency of the fenes-
tration. Other fenestration techniques have been 
described, such as the scissor technique and the 
cheese wire fenestration technique. In the latter, 
the guidewire, after crossing the septum, is cap-
tured with a snare device and pulled out through 
the contralateral groin access. Then the guidewire 
is pulled inferiorly with a sawing motion to shear 
the dissection flap, stopping before the aortic 
bifurcation. However, pulling the flap downward 
carries a risk of circumferential detachment of 
the intimal layer, which can result in aortic intus-
susception and obstruction [15]. TEVAR is cur-
rently considered the first-line treatment in most 
cases [7]. Fenestration may be more appropriate 
than TEVAR in patients with increased risk of 
spinal cord ischemia such as those with history of 
previous abdominal aortic repair and occlusion 
of hypogastric, subclavian, or vertebral artery. 
On the contrary, TEVAR is particularly indicated 
in elderly patients, in case of aortic dilatation, 
and for intermediate-risk patients (i.e., patients 
with refractory/recurrent pain or hypertension). 
Overall, the endovascular approach was used in 
almost 70% of patients with visceral ischemia 
enrolled in the IRAD in recent years [3]. In case 
of suspicion of intestinal infarction, an explor-
ative laparoscopy or laparotomy is indicated. 
Acute abdomen, refractory lactic acidosis, and 
hemodynamic instability due to ongoing intesti-
nal malperfusion warrant immediate laparotomy 

and resection of necrotic intestinal tracts. A tem-
porary closure technique such as Bogota bag or 
VAC closure system can be used to allow later 
inspection of the abdominal organs. In case endo-
vascular techniques fail to restore vascularization 
to the visceral arteries, open surgery is necessary 
[3]. Surgical vascular reconstruction should also 
be considered in case of anatomical contraindica-
tion for TEVAR, such as unsuitable iliac accesses 
and insufficient proximal landing zones [6]. 
Furthermore, for patients with connective tissue 
disorders, TEVAR can be used as a bridge treat-
ment, while open surgical aortic replacement is 
the treatment of choice. Open surgery should be 
considered also in younger patients, since long-
term durability of TEVAR is still unclear.

Open surgical options to treat visceral mal-
perfusion include open fenestration and aortic 
graft replacement. Open fenestration requires 
exposure of the visceral segment of the aorta and 
clamping in supraceliac position. A longitudinal 
aortotomy is then carried out on the left anterolat-
eral aortic wall, and the dissection flap is widely 
resected to maximize the size of the single aor-
tic lumen. The restoration of flow in the branch 
vessels may be assessed through intraoperative 
Doppler ultrasound.

Although open surgical fenestration appears 
to be effective at relieving malperfusion, it is still 
burdened by rates of in-hospital mortality of 20% 
[19]. There are concerns about late aneurysmal 
evolution after surgical fenestration. However 
positive results have been reported in this regard 
when reduction of aortic diameter at the closure 
of aortotomy was carried out. In fact, according 
to the law of Laplace, the tension on the aortic 
wall decreases by reducing the radius [19].

Graft replacement of thoracic or thoracoab-
dominal aorta is a more definitive option [3]. 
However, in the acute setting, in AD patients, it 
is associated with about 30% mortality [20] and 
a relevant risk of spinal cord ischemia in case 
of extensive distal thoracoabdominal resection 
[3]. Although the visceral malperfusion is an 
absolute indication for invasive treatment, the 
rate of patients with visceral ischemia who only 
receive medical management is around 20% in 
IRAD [3].
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The reason for this discrepancy may be par-
tially due to the presence in multicenter registries 
of patients with radiological or angiographic 
signs suggestive of mesenteric obstruction with-
out matching clinical signs [21]. More often, 
these patients are in such a poor clinical condi-
tion that are deemed unsuitable for endovascu-
lar or surgical intervention, and an attempt of 
operative management is denied. In this class of 
patients, the mortality rate reaches 50%. Indeed, 
in these patients the conservative treatment inde-
pendently predicted in-hospital mortality [3]. 
Conversely, mortality rates after surgical and 
endovascular management of visceral ischemia 
were comparable (25.8% and 25.5%). However, 
the endovascular approach is considered the first-
line treatment [6, 7].

29.5  Conclusion

Visceral ischemia is a life-threatening complica-
tion of acute Type B AD that mandates prompt 
intervention. Timeliness of diagnosis and treat-
ment is crucial in order to successfully reverse 
end-organ ischemia. TEVAR is the first- line 
treatment. Endovascular fenestration can be used 
either as an alternative to TEVAR in selected 
patients or after TEVAR when it was not effec-
tive in restoring perfusion to the affected branch 
vessels. Open surgery should be limited to cases 
in which endovascular techniques are contraindi-
cated or unsuccessful.
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