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Introduction

A frequently debated question in aortic arch surgery 
has been: should we replace the dissected arch in type A 
dissection? As techniques improve the answer is shifting 
towards ‘yes’ more often than ‘no’. Arguments in favor 
of a more extensive repair for DeBakey type 1 dissection, 
however, are not new.

In the early 1980s operative techniques for this disease 
were refined to greatly reduce operative deaths, especially 
those attributable to bleeding complications (1, Lytle BW: 
personal communication) (See Figure 1). These advances 
occurred at a time when the use of circulatory arrest was 
becoming more widely disseminated and the elephant trunk 
repair was being introduced (2,3). Not long after that, 
several pioneering aortic surgeons demonstrated in the 
mid-1990s that more extensive arch repairs were not only 
safe, but effective at promoting distal aortic remodeling 
in patients presenting with acute type 1 dissection (4-7). 
Nonetheless, over the last two and a half decades, the most 
common operation performed in this emergency setting is a 
supra-coronary ascending and hemi-arch interposition graft 
repair. The reluctance to perform more extensive repairs 
at the time of acute proximal aortic dissection is due to 
concerns that performing a bigger operation will increase 
the perioperative mortality (8-10).

Within the last decade, endovascular stent-graft devices 
have been widely adopted to treat thoracic aortic disease. 
Novel hybrid strategies combining the use of these devices 
with conventional open surgery show promise to simplify 
more extensive aortic repair at the time of acute dissection 
(11-19). With wider access to endovascular devices, brain 
protection strategies becoming more commonplace, and 

reproducible results with hybrid repairs, is only repairing 
the ascending aorta good enough in the modern era? I 
believe that the answer to this question is a resounding 
‘no’. We should replace the arch and more in patients who 
present with acute DeBakey type 1 aortic dissection. I 
believe that embracing these newer techniques will allow 
us to make the incremental improvements in outcomes for 
acute proximal dissection that have not been seen since the 
mid-1980s.

New technology leads to new techniques

The use of stent-grafts in combination with open surgery 
has slowly been gaining favor for the treatment of patients 
with complex aortic pathology. Kato described the use of a 
graft with a distal stent as a modification of the conventional 
elephant trunk procedure, and Karck coined the term 
‘frozen elephant trunk’ to describe the approach (5,11). 
Uchida developed another version of this technique using 
a stented graft sewn at the level distal to the left subclavian 
artery (12). Sun’s method of repair moved the suture line 
proximally with a fully stented device, and also included 
separate branch reconstruction of the arch vessels during 
antegrade brain perfusion (13). A specifically designed 
hybrid device (E-vita, Jotec, Germany) has been available 
in Europe for several years and is being evaluated as part of 
a multi-center study (14,15). Others have described the use 
of commercially available stent-grafts placed transfemorally 
or directly into the descending aorta at the time of proximal 
repair with reasonable success (16,17). The problem 
with the latter approach is that it may leave false lumen 
communications within the aortic arch at the level of the 
suture lines (18) (see Figure 2).
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In the US, a technique including antegrade delivery of 
commercial stentgrafts and suturing has been described 
by others and us (19,20). I currently prefer a simplified 
approach to frozen elephant trunk repair at the time of 
acute DeBakey type I dissection which involves: antegrade 

stent-graft delivery, modification of the stent-graft within 
the aortic arch, and suture fixation within a single distal 
arch anastomosis, as this achieves a complete repair while 
limiting the circulatory arrest time (21) (Figure 3). Although 
all of these variations on a theme have been utilized safely, 
I believe that we need to develop a new standardized device 
and simplified technique to assure safety, consistent aortic 
remodeling, and more widespread adoption.

The acute risk argument against extended 
repair

Those in favor of maintaining the status quo argue that 
extending aortic repair will increase the operative risk of 
death. Patients who present with more extensive dissection 
involving multiple segments of the aorta (DeBakey type I) are 
at a higher risk of distal complications than those in whom 
the dissection is limited to the ascending aorta (DeBakey 

Figure 1 The curve represents the decreasing trend in operative 
mortality year by year (represented by black dots) at the Cleveland 
Clinic from 1980 to 2004. Note a major shift in the curve in the 
mid-1980s

Figure 2 Volume-rendered computed tomography reconstruction 
following prior acute dissection repair with a supra-coronary 
aortic graft reinforced with felt, demonstrating proximal entry tear 
supplying the false lumen in the aortic arch at the distal suture line 
(green arrow)

Figure 3 Illustration demonstrating a simplified approach to extended 
repair of acute DeBakey type I dissection using a modified frozen 
elephant trunk technique [Reprinted with permission from (21)]
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type II). This disparity occurs because the disease processes 
are different, and as such the operation should be tailored 
to the specific details of the pathology. It has long been 
recognized that it is important to not only consider the 
extent of dissection when planning a repair, but also to 
consider other details, such as the location of the entry tear.

In a review published in 1993, Drs James Kirklin and 
Nicholas Kouchoukos estimated that 20-30% of acute 
dissections require additional repair of the aortic arch. They 
recommended four indications for including the aortic 
arch in the repair: presence of the intimal tear in the arch, 
rupture of the arch, fragile tissue in the false lumen of the 
arch, and a fragmented false channel (22). In some surgical 
experiences the need to replace the arch during acute type 
A dissection repair increased the risk of surgery, but this has 
not been consistently demonstrated in the literature (4,23). 
The cause of death in many of these patients was related to 
ischemia or bleeding.

The acute risk argument in favor of extended 
repair

Although acute mortality has improved at several high 
volume centers, the risk of death is still predicted by 
the patient’s presentation. Patients presenting with 
malperfusion are at the highest risk, and this finding has 
been demonstrated in several series (24,25). In one study 
the presence of ischemia at the time of acute dissection 
increased mortality from 3% in those without ischemia, to 
over 25% in those with it (26).

This finding represents an opportunity for improvement. 
The addition of a stent-graft to the extended repair 
operation offers the potential to more rapidly reverse the 
malperfusion process. The cloth on the device covers any 
additional entry tears in the arch or proximal descending 
aorta and the radial force provided by the stent pushes 
open the true lumen. In our initial experience with 
this technique, 47% of patients presented with distal 
malperfusion and none of them suffered late loss of end-
organ function (21). To maximize this opportunity, however, 
it is important to perform an angiogram at the end of the 
procedure to assess for any persistent distal malperfusion. 
Although the stentgraft addresses the dynamic obstructive 
pathophysiology, some patients will require additional 
procedures to address the static component of branch 
malperfusion (27). In our experience, four patients (30%) 
required additional branch vessel stenting for occlusion 
of the superior mesenteric artery, iliac artery (n=2), or left 

subclavian artery in the setting of prior internal mammary 
bypass grafting (21). By bringing the patients to a hybrid 
operating room for the frozen elephant trunk repair, the 
static malperfusion can be detected and treated without 
delay in the same setting, thereby avoiding the sequelae of 
ongoing ischemia after aortic repair. 

Although the initial intent of performing an extended 
repair at the time of acute dissection has been to promote 
aortic remodeling and reduce the late complications 
associated with a patent false lumen, the potential to 
optimize true lumen perfusion and minimize the effects of 
distal malperfusion may prove to be the most important 
benefit of this approach. If we had a disease-specific device 
and a standardized approach, I expect we will see more 
widespread adoption as a surgical repair strategy. 

Another benefit we have found with this approach is that 
the addition of the stent-graft in the arch and inclusion 
of the device within the distal anastomosis promotes 
hemostasis. The outward radial force against the fragile 
layers of tissue in the arch seem to promote false lumen 
thrombosis very early along that portion of the aorta and 
eliminate the bleeding that is sometimes seen with the 
conventional surgical approach, where the arch false lumen 
can be “boggy” from the persistent false lumen perfusion.

In the largest series to date including 148 acute type A 
dissection repairs, Sun and colleagues reported a mortality 
of only 4.7%, which compared favorably to a similar group 
of patients undergoing conventional repair who had a 
mortality of 6.1% (28). We have had no acute deaths to date 
in our series, which is now up to 26 patients. Others have 
reported similar safety with mortality rates in the single 
digits.

The late risk argument against extended repair

Some might argue that the initial operation on the acutely 
dissected aorta should be kept as simple as possible because 
there is always the option to return for a reoperation 
on the arch and/or distal aorta at a later elective setting. 
One argument against this line of thinking has already 
been addressed above: the more extended repair may be 
beneficial in the acute setting because of the benefits of 
optimized distal perfusion. The other is that there is very 
little data to support the assertion that a later reoperation 
on the distal aorta is safe. Estrera and colleagues described 
their experience with reoperations in patients who 
survived an acute type A dissection; a mortality rate of 
11.1% was reported in 63 patients (29). This series only 
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included 39 arches, with the rest being patients undergoing 
proximal aortic repair. No patients had descending or 
thoracoabdominal involvement. Many of these patients 
will require two operations: a total arch with elephant 
trunk stage 1 followed by distal repair of the descending 
or thoracoabdominal aorta, and therefore will be exposed 
to the combined risk of both procedures (30). In our series 
of patients requiring distal operation for chronic aortic 
dissection the perioperative mortality was 8% (31). We 
are currently studying our series of over 400 patients who 
required distal aortic operations after previous type A 
dissection and hope to shed some light on what that late 
risk entails. I anticipate our results will be reasonable but I 
am certain that most patients would prefer to avoid those 
second and third operations if possible.

As of yet, there is no data to confirm that the stentgraft-
induced remodeling of the arch and proximal descending 
aorta will reduce the need for late reoperations, but it 
has been shown that a patent false lumen increases late 
risk of death and reoperation (32,33). It is also true that 

most patients who develop aneurysmal degeneration in 
the chronic phase will have this occur in the arch and the 
most proximal segment of the descending aorta (34). Also, 
a lot of late operations occur many years after surviving 
the acute event so we don’t fully understand the very long-
term natural history of what occurs to the chronic residually 
dissected distal aorta. As we gain more experience at 
advanced centers with this extended approach, we should 
learn the true impact on survival and reoperation in these 
patients (35).

The late risk argument in favor of extended 
repair

The pioneering surgeon E. Stanley Crawford said of aortic 
dissection that “no patient should be considered cured of 
the disease”. It is estimated that about two-thirds of patients 
who survive an acute dissection have a persistent distal 
dissection (1,36). In the subset of patients presenting with 
DeBakey type I dissection the proportion may be higher. Of 
these, up to half will go on to require another operation or 
die from aortic associated causes. It has been shown that the 
patency of the false lumen is strongly associated with higher 
ongoing mortality and the need for reintervention (32,33). 
A review of the literature has demonstrated that the risk of 
late intervention ranges from 9-67% and the most common 
risk factors are young age, the presence or family history of 
a connective tissue disorder, a larger aortic diameter at the 
time of presentation, and patency of the false lumen (36).

Extended hybrid repair combining a distal stent-graft with 
more conventional proximal repair has been shown to induce 
remodeling of the aortic arch and proximal descending aorta. 
Sun et al., had shown that the false lumen was thrombosed 
through the treated segment in 94% of 138 patients (28). 
Similarly, in the multicenter E-Vita trial, 89% of patients 
receiving the specially designed hybrid stent-graft device 
for acute dissection demonstrated false lumen thrombosis 
through the treated segment at late follow-up (15). Using 
our simplified frozen elephant trunk technique with an on-
table modification to a commercially available stentgraft, 
we found that 88% of patients had thrombosis of the false 
lumen in the treated segment (21) (Figure 4).

Overcoming hurdles to implementing a new 
standard of care

Our center and several other prominent aortic centers have 
published reasonable outcomes with a hybrid extended 

Figure 4 Maximum intensity projection computed tomography 
reconstruction demonstrating the thrombosed false lumen 
around the stent-grafted portion of the aorta (yellow arrow) after 
simplified frozen elephant trunk repair for acute DeBakey type I 
dissection. [Reprinted with permission from (21)]
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approach to acute dissection. The techniques share the 
use of a stent-graft in combination with conventional 
open repair, but otherwise they have been quite varied. 
This approach demonstrates promise to make a difference 
in outcomes in both the acute and chronic phases of the 
disease, but will require much closer analysis of the results. 
Furthermore, there is a need for a disease-specific device 
and standardized simplified technique to assure consistent 
results and more widespread adoption.
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