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Introduction

Type A aortic dissection (TAAD) is a catastrophic condition 
requiring emergent surgical intervention. Mortality 
following operative treatment remains high despite the best 
advance in surgical therapy and intraoperative as well as 
postoperative management, and is influenced by the pre-
operative patient state and other co-morbidities as suggested 
by the International Registry of Acute Aortic Dissection 
(IRAD) data (1). Around a quarter of patients with TAAD 
present with distal malperfusion which results from the 
intimal flap causing a partial or complete obstruction of the 

aorta or one if its side branches (2,3). This obstruction can 
be static, from extension of dissecting flap into the branches; 
or from false lumen thrombosis; or dynamic from true 
lumen compression by false lumen expansion during each 
heartbeat. Such obstruction ultimately leads to malperfusion 
as a result of diminished blood flow to the arterial bed of a 
vital organ as demonstrated radiologically, and malperfusion 
syndrome which occurs secondary to diminished flow 
causing ischemia and impairment of end-organ function (4). 
The syndrome is characterized clinically by pain, neurologic 
symptoms or chemically by rising lactate or creatinine levels 
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worsening metabolic acidosis. 
The incidence of visceral or mesenteric malperfusion 

in TAAD is about 3–6% (1-3) and is defined as any 
radiologic evidence of decreased perfusion through the 
celiac trunk, superior mesenteric artery (SMA), and inferior 
mesenteric artery with decreased viability or necrosis of 
the gut, with or without lactic acidosis, pain, or abdominal 
distention (1). It is known to be the most treacherous 
and deadliest complication associated with approximately 
40–70% mortality depending upon the series (5-7). Such 
abysmal outcomes are a result of multiple factors. First 
and foremost, the diagnosis of visceral malperfusion is very 
challenging as abdominal pain at the onset of presentation 
is not always present, and the serum lactate may only rise 
late in the process when transmural intestinal infarction 
has already occurred (8). Next, due to decreased tissue 
oxygen delivery, vasodilation initially ensues, but over 
time, prolonged ischemia leads to vasoconstriction which 
can persist long after the ischemic insult is complete (9).  
Lastly, the paradoxical consequences of reperfusion injury 
to these ischemic vascular beds resulting from the release of 
inflammatory cytokines and formation free oxygen radicals 
leading to cellular and endothelial injury, increased tissue 
permeability and edema. Importantly, this inflammatory 
response can progress systemically leading to respiratory 
distress syndrome and shock (3). In previous reports, an 
absence of distal signals along with necrotic bowel was found 
despite presence of a strong doppler pulse signal at the 
mesenteric root at the time of laparotomy. Such findings are 
consistent with persistent vasospasm, the pathophysiologic 
process observed in nonocclusive mesenteric ischemia, and 
is likely a principal factor in the 60% to 80% mortality (10). 

Thus, minimizing the ischemic time is critical in order to 
prevent this cascade of devastating events. In this work, 
we discuss our experience with the TEVAR-first approach 
adopted for type A dissection with mesenteric malperfusion 
at Emory University (Video 1) as well as other approaches 
employed to address this life-threatening complication. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
jovs.amegroups.com/article/view/10.21037/jovs-20-155/rc).

Methods

Original and review articles on management of mesenteric 
malperfusion published between 1990 to 2019 were 
searched on PubMed database.

Discussion 

TAAD complicated by mesenteric malperfusion has 
traditionally been addressed with emergent proximal 
aortic repair followed by exploratory laparotomy and 
bowel resection. As discussed earlier, operative mortality is 
high and is likely a result of persistent distal branch vessel 
ischemia either due to re-entry tears, persistent false lumen 
flow or branch vessel involvement. Several approaches 
have been suggested by different groups across the world 
to address this problem. A group from Japan have utilized 
a simultaneous approach whereby a laparotomy to perform 
intestinal resection is done along with temporary SMA 
perfusion via a side graft or separate cannula through the 
ostium during cardiopulmonary bypass. Proximal aortic 
repair is then performed followed by SMA reperfusion via 
SMA plasty or bypass graft from common iliac artery (11,12). 
Totsugawa et al. reported using a column of polymyxin 
B-immobilized fiber (PMX-DHP) during cardiopulmonary 
bypass to combat reperfusion injury (13). In 1996, the group 
at the University of Michigan adopted a new approach 
whereby percutaneous endovascular revascularization is 
performed by the interventional radiology and achieved vis 
fenestration and/or stenting of the critically malperfused 
abdominal organs or extremities, followed by open proximal 
aortic repair. These procedures are performed in hybrid 
suites with the ability to perform both endovascular and 
open procedures. Treatable malperfusion syndrome is 
confirmed angiographically by a significant pressure 
gradient (>15 mmHg) between ascending aortic true 
lumen and a branch artery. Fenestration and stenting 

Video 1 A review of TEVAR-first approach for mesenteric 
malperfusion in TAAD.
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are performed via percutaneous access by creating a tear 
in the dissection flap to equalize the blood pressure and 
permit flow between the true and false lumens. It was 
most frequently created above the celiac artery for visceral 
malperfusion and below the lowest renal artery for iliac 
artery malperfusion. Following correction of dynamic 
obstruction by aortic fenestration/stenting, if the pressure 
gradient between the ascending aorta and a dissected branch 
vessel remains >15 mmHg, bare stents are placed into the 
true lumen of the branch vessel beyond the terminal extent 
of the dissection (14-16). This group has mastered this 
approach over two decades and has achieved a low mortality 
rate for open aortic repair after interventional fenestration 
and stenting of 3.7%. 

We extrapolated our previous experience with the use of 
thoracic endovascular aortic repair (TEVAR) in acute type 
B dissection and formulated a hybrid approach which was 
first employed in 2014. The Emory protocol, published 
in 2019, utilizes TEVAR to restore normal flow in the 
downstream aorta, either at the time of emergent central 
aortic repair or before undertaking the proximal aortic 
replacement based on the hemodynamic stability. In cases 
of rupture or hemodynamic instability, a pre bypass axillary-
bifemoral bypass graft is performed followed immediately 
by central aortic repair with antegrade deployment of 
a TEVAR graft at the time of hypothermic circulatory 
arrest. On the other hand, in hemodynamically stable 
patients without pericardial effusion, signs of aortic rupture 
or ongoing chest pain, we perform TEVAR first with 
angiographic confirmation of adequate celiac and SMA 
perfusion followed by a brief period of resuscitation in ICU 
to achieve correction of lactic acidosis and resolution of 
abdominal pain followed by delayed proximal aortic repair 
within 24 hours (8). 

The diagnosis of mesenteric malperfusion is made 
based on a combination of patient history and physical 
exam findings, lab values and radiographic findings on 
initial CT imaging. Patients may complain of abdominal 
pain in addition to chest pain. On exam, they have clinical 
findings consistent with an acute abdomen or pain out of 
proportion to their exam, with multiple patients also having 
hematochezia. Elevated serum lactate levels, abnormal liver 
function tests and coagulation profiles are noted on their 
admission laboratory values and increase suspicion of the 
diagnosis. Finally, on the cross-sectional contrast imaging, 
all patients have evidence of severely compromised flow 
to the visceral segment of the abdominal aorta, including 
high-grade compression or complete obstruction of the true 

lumen at the level of celiac and superior mesenteric arteries. 
Often these patients may also have evidence of concurrent 
renal, iliofemoral or spinal malperfusion as seen by findings 
of elevated serum BUN/creatinine, decreased or absent 
peripheral pulses and loss of sensory or motor function in 
the lower extremities. Patients who are selected to receive 
an antegrade TEVAR during proximal aortic repair undergo 
the procedure in a standard operating room without 
fluoroscopy. After initiation of hypothermic circulatory 
arrest and arch resection but before construction of the arch 
anastomosis, a thoracic endoprosthesis is deployed in the 
descending aorta just distal to the left subclavian artery. The 
arch anastomosis is performed, incorporating the endograft 
into the distal arch suture line. 

For the TEVAR-first treatment algorithm, the initial 
endovascular procedure is performed in a hybrid operating 
room with fluoroscopy. Bilateral femoral arterial access 
is obtained and intravascular ultrasound (IVUS) is used 
to confirm true lumen wire access. Based on preoperative 
imaging and IVUS measurements of the adventitia-to-
adventitia diameter of the dissected aorta at the distal 
edge of the left subclavian artery, thoracic endografts 
are selected with <10% oversizing. Thoracic endografts 
are deployed in zone 3 within 2 cm of the left subclavian 
artery. No attempt is made to cover the primary intimal 
tear because the goal of the TEVAR procedure is solely to 
expand the true lumen and increase arterial inflow to the 
distal thoracic and abdominal aorta and visceral segment. 
Following deployment of the initial endograft, IVUS is 
repeated to confirm true lumen expansion and adequate 
branch vessel perfusion. Additional stents are added as 
needed, and aortic branch vessel stenting is performed until 
normal perfusion of the visceral aortic segment is confirmed 
by abdominal aortography and femoral pressures matched 
right radial artery pressures. Patients are then returned to 
the intensive care unit and undergo serial abdominal exams 
with aggressive intravenous fluid resuscitation. Ideally 
the patients are also extubated, and the overall goal is to 
normalize the serum lactate before open proximal aortic 
replacement. It is also important to maintain adequate 
hemodynamic control during this time period with well-
controlled systolic blood pressures <120–140 mmHg. 

Following this 24-hour resuscitative period, the patient 
is brought back to the operating room for definitive 
proximal aortic repair. The visceral organs remain at 
risk for ischemia reperfusion injury during this time and 
therefore every attempt is made to minimize the circulatory 
arrest and bypass times. The majority of these patients 
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undergo hemiarch replacement and the indication for aortic 
root replacement includes the presence of concomitant 
aneurysmal disease of the sinus segments with diameter  
>4.5 cm or extensive sinus segment destruction. The 
indications for total arch replacement include a primary 
or large secondary intimal tear in the arch, aneurysmal 
arch disease with a diameter >4.5 cm, or extensive tissue 
destruction that could not be safely reconstructed with 
a hemiarch replacement. Our algorithmic approach is 
illustrated in Figure 1. 

Overall mortality in our initial series with this approach 

was 30%, as compared to 69% with the traditional 
approach. Neither post-operative bowel ischemia or 
intractable acidosis, known to be independent risk factors 
for mortality, were observed in our cohort. In addition, a 
trend was observed towards a reduced need for dialysis in 
patients treated with the TEVAR first strategy as compared 
to those treated with the traditional approach.

We believe that TEVAR first approach can also be used 
as a bridge to decision making in patients who present with 
advanced mesenteric ischemia and are unlikely to survive. 
Patients who have intractable acidosis or unresectable bowel 

Figure 1 Emory algorithm for management of mesenteric malperfusion. TEVAR, thoracic endovascular aortic repair; SMA, superior 
mesenteric artery.
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necrosis despite TEVAR are unlikely to survive proximal 
aortic replacement under hypothermic circulatory arrest 
and thus can be spared an invasive procedure which utilizes 
significant resources. On the other hand, we strongly favor 
limiting the waiting time between TEVAR and proximal 
aortic repair to no longer than 24–48 hours to minimize the 
risk of inadvertent aortic rupture.

TEVAR successfully relieves dynamic obstruction of the 
true lumen and rapidly restores perfusion to branch vessels. 
Moreover, it offers the ability for intra-operative, real time, 
confirmation of visceral reperfusion via angiography and 
selective blood pressure measurements which would not 
be possible during a proximal aortic repair where there is 
minimal access to the abdomen. Additional branch vessel 
stenting can be performed as needed, to restore perfusion in 
cases of static obstruction from false lumen thrombosis.

Initially in our experience, we performed antegrade 
TEVAR during the proximal aortic repair as described 
above, but these patients were also noted to have a 
poor outcome due to persistent metabolic acidosis and 
gastrointestinal sepsis. Even though quicker restoration of 
visceral perfusion via this technique was evident, it does not 
prevent the insult resulting from circulatory arrest in an 
already ischemic vascular bed. In addition, circulatory arrest 
and cardiopulmonary bypass times are inevitably increased 
with no real time confirmation of actual flow restoration. 
Thus, in patients with TAAD complicated by both 
mesenteric malperfusion as well as hemodynamic instability, 
it may be reasonable to consider deploying a TEVAR graft 
prior to opening the chest for proximal aortic repair in 
order to reduce the ischemic period while minimizing the 
time of circulatory arrest needed for arch reconstruction.

Some centers use advanced endovascular techniques 
with fenestration combined with branch vessel stenting 
followed by delayed aortic repair. This technique also has 
excellent outcomes, but we feel that its use is restricted to 
highly specialized centers who have advanced interventional 
radiology resources. TEVAR, on the other hand, is a 
commonly employed technique across several centers in 
treatment of type B dissections by both cardiothoracic and 
vascular surgeons, hence the familiarity could lead to a more 
widespread adoption in centers who may not have access to 
advanced interventional radiologists on a round-the-clock 
basis. 

One limitation of TEVAR lies in its inability to 
simultaneously address cerebral malperfusion. Acute type 
A dissection complicated by a combination of cerebral 
malperfusion with visceral or iliac malperfusion is 

challenging and any sign of cerebral malperfusion with a 
neurological deficit should prompt immediate proximal 
aortic repair. An additional disadvantage of TEVAR first 
involves the vulnerable resuscitative period following 
correction of malperfusion where there is a constant risk of 
aortic rupture. Patients should thus be carefully monitored 
for any signs of hemodynamic instability, pericardial 
effusion, or chest pain and ideally, proximal aortic repair 
should be performed within 24 hours. 

Conclusions

In conclusion, immediate proximal aortic repair for TAAD 
complicated by mesenteric malperfusion is associated 
with poor clinical outcomes, Alternate approaches with 
use of endovascular techniques to first correct mesenteric 
malperfusion prior to open aortic replacement are 
increasingly being employed. Delayed proximal aortic 
replacement after initial TEVAR has preliminarily 
been demonstrated to be a straightforward and reliable 
approach to this condition while providing for immediate 
confirmation of flow restoration to the gut vessels. Larger 
and multi-center studies investigating the ultimate merit of 
this approach are warranted.
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