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ABSTRACT

Treatment options did not exist for Acute Aortic Dissection (AAD) until the 1940s. DeBakey, et al.
claimed that surgical procedures should be used for all types of AAD categorized according to the
DeBakey classification (1965). However, since 1970, the Stanford classification has recommended
that surgery should be used for type A, and medical treatment for type B. Currently, Thoracic
Endovascular Aortic Repair (TEVAR) is a third option. There is still no consensus on these three
treatment options for AAD treatment. Herein, [ report a strategy of combining tear-oriented initial
surgery and subsequent TEVAR for type A AAD, and its outcomes. I focused on the role of Aortic
Hiatus (AH) in the outcome of AAD. Timely and precise TEVAR for closing of patent tears that
cause False Lumen Expansion (FLE) above the AH may improve outcomes. This strategy may be
useful in type A AAD treatment. [ also present an overview of the history of AAD treatment and
of the available strategies.
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INTRODUCTION

The cardiovascular surgical team at Iwate Prefectural Central
Hospital adopted a strategy of combining tearoriented initial
surgery and subsequent TEVAR for type A AAD in 2013 (Figure 1)
[1]. It was initially predicted that TEVAR alone would be not able
to control the FLE after initial surgery, and that some cases would
require thoracoabdominal aortic replacement. This was explained to
the patients. After 10 years, thoracoabdominal aortic replacement was
not needed because of the adoption of this strategy.

The Aortic Hiatus (AH) is the only rigid structure surrounding the
distal aorta. This structure may play a pivotal role in AAD outcomes.
Here I present an overview of the history of AAD treatment and
explain the advantages of our strategy.

TREATMENT OF AAD IN THE 20th CENTURY

AAD had no treatmentoptions until the 1940s. However, the surgical
challenges in AAD repair were successfully overcome with the
development of cardiopulmonary bypass, aortography techniques,
and prosthetic grafts between 1950 to 1960. DeBakey classification
of the outcomes of surgical and medical management of AAD was

presented in 1965 (Figure 2) [2]. Originally, surgical treatment was
considered better than medical treatment for DeBakey type 1, 11,
and III AAD. The survival percentages after 1 year in operative
and non-operative cases were 70% and 7%, respectively. Further,
the Stanford classification was presented in 1970; which suggested
that if the ascending aorta was involved, surgical treatment (28%
mortality) was better than medical treatment (67%), whereas if it
was not involved, medical treatment (20% mortality) showed better
results than surgical treatment (28%) these recommendations are

still being used (Figure 3) [3].

From the 1970s to the 1990s, open surgical repair was developed
as the most reliable method for treating type A AAD. Moreover,
cardiopulmonary bypass has improved. A membranous oxygenator
was invented to protect blood components. Cardioplegia and other
organ preservation techniques have been investigated extensively.
Particularly, selective cerebral perfusion was established as a useful
method for brain protection [4]. Additionally, well-structured and
coated prosthetic grafts, including knitted or woven Dacron®, were
successively developed in the 1990s. Simultaneously, component
blood transfusions were performed. These developments enabled
longer and more complex open surgical procedures.
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Figure 1: Mt. Iwate and Iwate prefectural central hospital.

Figure 2: DeBakey classification (original illustration).

Figure 3: Stanford classification (original illustration).
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In 1968, Hounsfield et al. performed X-ray Computed Tomography
(CT). Recently, multi detector CT has effectively contributed
to the in AAD Additionally,
echocardiography, especially transoesophageal echocardiography, is
useful for intraoperatively investigating the status of AAD and intra

decision-making treatment.

cardiac air evacuation.

Optimal medical treatment is essential for AAD management. In
the 1960s, the outcomes of medical management that were inferior
to surgical outcomes were mainly caused by poor antihypertensive
Since the 1960s,
drugs, especially B blockers, have been administered for optimal
medical management. Currently, various [ blockers are available

drug selection. various antihypertensive

for intravenous and oral use. Furthermore, other types of
antihypertensive drugs contribute to improvements in the outcomes

of both type A and type B AAD.

During the 20th century, AAD treatment strategies were developed
according to the Stanford classification. These were widespread
due to their simplicity. In contrast, late outcomes and problems
after the initial surgery for type A, or hospitalization at type B
onset, were gradually revealed. Nevertheless, the poor prognosis of
complicated type B AAD remains unresolved. Open surgical repair
of acute complicated type B AAD has shown poor outcomes. Newer
strategies are expected to be developed for solving these problems.

SIGNIFICANT CHANGE FOR THE FIRST TIME
IN 50 YEARS

In the 2000s, TEVAR, the third treatment option for AAD, was
developed. However, the stent structure involved is rigid due to
its metallic composition, and TEVAR risks destroying the fragile
intima in AAD cases. Additionally, the delivery system for TEVAR
carries the potential risk of further disastrous injury due to its
thickness and low flexibility.

A stent graft was first developed for true aortic aneurysms. The
reinforced radial force and the oversizing device are important for
reducing the gap between the stent graft and native aorta, thereby
preventing type 1 endo leaks. Some devices contain hazardous
parts, such as large proximal bare stents, barbs, and spines. These
structures, which are suitable for true aneurysms may become
drawbacks for AAD. Thus, a preliminary stent-graft may not be
suitable for AAD.

In the early 2000s, a challenging experience of pilot TEVAR
treatment for small cases of complicated type B AAD was
reported [5]. This report suggested the possibility of improving
the outcome of complicated type B AAD and the need to improve
the structure and delivery system of preliminary TEVAR devices.
The mortality rate associated with this procedure was 20%, and
that of open emergency surgical intervention with descending
aorta replacement was > 20%. However, the superiority of TEVAR
remains controversial. Currently, advanced TEVAR devices are
commercially available, and TEVAR for complicated type B is
recommended as Class I in multiple guidelines [6].

FALSE LUMEN EXPANSION (FLE): RESIDUAL
PROBLEM IN TYPE A AND TYPE B AADS

FLE (>5 mm/6 months) persists even after the initial surgery for
type A and after hospitalization at the onset for type B AAD. It
may cause aortic rupture. However, this does not always occur in
all patients with AAD, and the prediction of FLE is impossible
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at the onset. Postoperative FLE that required re-intervention
occurred in approximately 20% of patients with type A AAD [7].
Furthermore, the long-term outcomes of FLE are worse, and the
medical management of type B AAD presents a 30% cumulative
mortality rate at 5 years [8]. In other words, majority of the patients
with AAD do not show FLE, eliminating the need for further
surgical or interventional procedures after initial surgery for type A
and hospitalization at onset for type B AAD.

It is important to promptly distinguish between patients with and
those without FLE and perform tear closure only in patients with
FLE. For example, the strategy to routinely perform total arch
replacement using a frozen elephant trunk for all type A AADs
(excluding DeBakey type II) or routine pre-emptive TEVAR for
all type B AAD at onset is overindicated for patients without
FLE. These procedures may increase the possibility of harmful
complications.

The INSTEAD-XL trial, a randomized controlled trial conducted
in 2013, provided strong evidence of the effectiveness of TEVAR
for FLE [8]. It showed that TEVAR for the thoracic descending
aorta is sufficient, without the need for additional closure of
abdominal distal tears if TEVAR closure is performed 2-52 weeks
after onset (clustering at 10-12 weeks). Furthermore, in 2014, the
Virtue Registry report showed that the subacute phase (2 weeks
to 3 months after the onset) may be optimal for TEVAR [9]. FLE
treatment can be performed via TEVAR or open surgical repair. If
FLE is detected in the late chronic phase over 3 years from the onset,
open surgical repair, such as thoracoabdominal aortic replacement,
should be performed because TEVAR may be less effective and
can introduce multiple complications in the late chronic phase
[9]. Conversely, thoracoabdominal aortic replacement is one of
the most invasive procedures with the largest incision among all
cardiovascular surgical procedures. Timely and precise TEVAR may
be a desirable option for FLE treatment because of its effectiveness
and minimal invasiveness.

Although the INSTEAD-XL trial reported that complete thrombosis
may invoke remodelling and improve outcomes, I partially agree
with these observations. Complete thrombosis of the false lumen
may be preferable, but it may lead to occlusion of key branches
originating from the false lumen, such as the intercostal artery
connecting with the Adamkiewicz artery, and trigger paraplegia.
I believe that the objective of TEVAR for FLE is not to cause false
lumen thrombosis but to prevent FLE. Therefore, minimal or
staged sealing was adopted to avoid paraplegia. Paraplegia is not

observed after TEVAR for FLE.

DISCUSSION

Timely and precise TEVAR closing of patent tears causing
FLE above the AH

Based on the INSTEAD-XL trial, TEVAR for FLE after the initial
surgery was adopted for type A AAD in 2013. Simultaneously,
TEVAR for FLE was performed in patients with type B AAD.

There are two important aspects in executing this strategy. First,
accurate FLE evaluation using enhanced CT is difficult, but
critical in the outpatient unit. The concept of ‘the maximum short
diameter’ that is useful for true aneurysm is misleading; FLE may
occur in all directions. The FLE should be evaluated from the most
detectable view in the FLE direction. The longitudinal diameters
of the true and false lumens in the optimal view may be preferable.
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Further, interlinking of the cardiovascular team members is
essential. Initial tear-oriented surgery for type A AAD should
be performed in preparation for subsequent TEVAR. The open
repair team should understand the meticulous TEVAR planning
and procedures for aortic dissections. The TEVAR team should
recognize the need for initial aortic surgery. Outpatient doctors
should detect FLE in a timely manner. It is important to engage
the cardiovascular surgeons familiar with both open aortic repair

and TEVAR for this disease.

With the implementation of this strategy, the role of the AH in
TEVAR can be noted. In patients with type B AAD with a large
false lumen at the AH, a drastic and immediate reduction in
retrograde blood flow from the abdominal to thoracic false lumen
was observed after TEVAR installation for primary tear closure in
the upper portion of the thoracic descending aorta. True lumen
recovery after TEVAR may cause prompt shrinkage of the false
lumen at the AH and block the retrograde blood flow. Additionally,
patients with tears only below the AH after the initial surgery for
type A AAD did not show FLE. These observations highlight the
importance of timely and precise tear closure above the AH.

In 1965, DeBakey, et al. reported the effectiveness of replacing the
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descending aorta for DeBakey, type III AAD. They pointed out
that the circumferential extent of the dissection process becomes
smaller as the descending thoracic aorta approaches the AH. They
prevented AH enlargement and achieved good postoperative results
using surgical intervention for DeBakey type III AAD. Currently,
their recommendations can be followed while performing TEVAR
in a less invasive manner.

Recently, the Gore® TAG® Conformable Thoracic Stent Graft
with the Active Control System was developed for AAD therapy.
It exhibits various advantageous functions and structures. Timely
and precise TEVAR closure of tears above the AH that cause FLE
will become the gold standard for AAD treatment using this device.

I presented the hypothesis about the role of the AH in type
B AAD at the 49th Annual Meeting of the Japanese Society
for Cardiovascular Surgery in 2019 as shown in Figure 4, and
reported the strategy of combining tear-oriented initial surgery and
subsequent TEVAR for type A AAD and the role of the AH in
type A AAD in 2023 (Figure 5) [1]. Furthermore, this strategy and
its outcome for type B AAD will be presented in the 76th Annual
Meeting of the Japanese Association for Thoracic Surgery on 19th
to 21st October, 2023.
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Figure 4: Relationship between TEVAR timing and prognosis of type B aortic dissection (presented at the 49th Annual Meeting of the Japanese
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Figure 5: Presumed mechanisms of FLE influenced by tear location above or below the AH. A. Patients with tears only below the AH: do not
require subsequent TEVAR. B. Patients with tears only above the AH: subsequent TEVAR is required. C. Patients with tears at both sites:
subsequent TEVAR is required in more than half of the patients. Note: Right arrow: No subsequent TEVAR in the case of FLE; Left arrows:

CONCLUSION

The strategy presented herein may resolve issues concerned with
FLE during AAD treatment with acceptable outcomes, warranting
further investigation. This review will contribute to further
developments in this field. True lumen recovery after TEVAR may
cause prompt shrinkage of the false lumen at the AH and block the
retrograde blood flow. Additionally, patients with tears only below
the AH after the initial surgery for type A AAD did not show FLE.
These observations highlight the importance of timely and precise
tear closure above the AH.
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