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Abbreviations and Acronyms

Preface to the Revised Edition

Of the clinical practice guideline of the Japanese Circulation 
Society concerning aortic diseases, the Guidelines on 
Diagnosis and Treatment of Aortic Dissection (first edition) 
were published in 2000, followed by the Guideline for 
Diagnosis and Treatment of Aortic Aneurysm and Aortic 
Dissection (JCS 2006) with the addition of clinical practice 
guidelines for aortic aneurysm and their revised edition in 
2011.1 The present revision is the third and relatively 
extensive.

With aging of society, aortic diseases have increased, 
and the incidence of aortic dissection has been shown to be 
10 or higher per 100,000 people annually according to its 
registry. Particularly, in Japan, under the high adoption 
rate of CT examination, aortic diseases can be diagnosed 
at many facilities and opportunities, and further improve-
ments in the therapeutic results can be expected with further 
development of the diagnosis and treatment system including 
emergency transport. For this, transition from the conven-
tional diagnosis and treatment system largely restricted to 
cardiovascular surgery to multidisciplinary approaches for 
the diagnosis and treatment participated in by cardiologists, 

radiologists, pathologists, clinical geneticists, general 
internists, clinical laboratory technicians, as well as cardio-
vascular/vascular surgeons, anesthesiologists, emergency 
care doctors, clinical engineers, and nurses is also necessary. 
Therefore, the present guideline was prepared by including 
a wide range of contents from basic matters to expert 
information to address the users’ objectives.

The first of the major points of revision was that inter-
pretations of conditions differently defined in Japan and 
abroad were explicitly described. One example is the 
interpretation of intramural hematoma (IMH) of aortic 
dissection. In Japan, it is defined as “intramural hematoma 
caused by bleeding in the tunica media of the aortic wall”. 
However, as the term is interpreted more broadly and 
tends to be used to refer to all false lumen occlusion type 
aneurysms in Europe and the United States, IMH was 
approved as one of the terms by respecting the interna-
tional consensus. On the other hand, of the concepts 
reported from Japan, the criteria of ulcer-like projection 
(ULP), which had been relatively unclear, were made 
explicit. In addition, the position of ULP and extension of 
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indications of open surgery for Stanford Type A aortic 
dissection with thrombosed false lumen were also described. 
Moreover, along with acute aortic dissection, penetrating 
atherosclerotic ulcer (PAU), an element of acute aortic 
syndrome (AAS), is separately outlined.

Concerning treatment methods, the percentage of stent 
grafting (thoracic endovascular aortic repair: TEVAR/
endovascular aortic repair: EVAR) among all treatments 
for aortic diseases is increasing, and studies that serve as 
evidence have increased during the past 9 years with 
increases in reports about TEVAR/EVAR. New devices 
have been developed or improved, and many descending 
thoracic and abdominal aortic aneurysms (AAAs) are 
regarded as indications of TEVAR/EVAR at some insti-
tutions. Also, new techniques incorporating measures to 
cope with branch perfusion have been introduced for some 
aneurysms of the aortic arch or thoracoabdominal aorta, 
and favorable results have been confirmed. Regarding 
aortic dissection, also, indications of TEVAR have been 
extended during the past 9 years as devices for the treatment 
of dissection have been approved. TEVAR has come to be 
performed more aggressively not only for complicated 
type Stanford Type B acute/subacute dissections with 
complications but also for uncomplicated types at a high 
risk of complications, enlargement, or rupture based, in 
part, on the results of RCTs.

At the same time, the results of conventional open surgery 
have also been improved due to priority placed on 
TEVAR/EVAR for patients at a high risk in open surgery, 
such as older patients, in addition to technical improve-
ments, procedural modifications, establishment of brain/
spinal cord protection, improvements in artificial vessels, 
and accumulation of experience. However, because of the 
lack of new epoch-making techniques or treatments, there 
have been few novel studies that provide evidence, and no 
marked changes have been observed in the levels of recom-
mendation. This must also be noted in comparing the level 
of recommendation between conventional open surgery and 
TEVAR/EVAR. Moreover, the establishment of hybrid 
treatment between the two approaches was a development 

during the past 9 years, and not only debranching with 
prior bypassing but also step-wise treatment for enlarging 
lesions is an important therapeutic strategy combining 
open surgery and TEVAR/EVAR.

One of the topics related to aortic dissection is that 
malperfusion as well as hemorrhagic complications has 
been shown to markedly affect the therapeutic outcome. 
Particularly, the mortality rate is high in patients with 
Type A dissection showing malperfusion of the coronary 
artery or carotid artery and those with Type A/B dissection 
showing malperfusion of the superior mesenteric artery, 
and prompt treatment is required. In this connection, 
commercial frozen elephant trunk (FET) devices (open stent 
grafts) also have become available in Japan since 2014, and 
are used for the treatment of extensive aneurysms of the 
aortic arch and distal anastomosis of Type A dissection 
complicated by malperfusion. This has resulted in improve-
ments in early results and descending aorta remodeling 
(disappearance of false lumen) in a remote period, and the 
technique has gained wide acceptance in Japan and abroad.

Moreover, elucidation of the relationship between aortic 
diseases and gene abnormalities has been recently advancing. 
The importance of multidisciplinary treatment including 
gene diagnosis of “inherited aortic diseases” including 
hereditary connective tissue disorders was also overviewed.

However, the lack of evidence in this field has continued 
to be an obstacle in the preparation of the guideline. While 
many findings have been disclosed from international 
registries of aortic dissection, the lack of data of patients 
who died immediately after the onset and detailed data at 
times of emergency is considered to be preventing the 
accumulation of evidence. In addition, the treatments are 
primarily high-risk invasive procedures, which are often 
inappropriate to evaluate by RCTs. Moreover, the experi-
ence and technical factors of the surgeon and the protocols 
of the institutions also markedly affect the outcome, also 
leading to the lack of evidence including meta-analyses. 
Therefore, the conventional criteria for the adoption and 
grading of recommendation classes and evidence used in 
previous guidelines were adopted in this guideline 
(Tables 1,2).

Some of the recent guidelines adopt the Minds system 
and provide Mind style classes of recommendation along 
with conventional recommendation grades. However, as 
there have been few studies that can be regarded as evidence 
or included in systematic reviews, the Minds system was 
not adopted. However, as Minds style Clinical Questions 
are useful in that they immediately provide solutions to 
questions in routine clinical practice, similar questions 
were also added to the test of the present guideline as 
“Practical Questions (PQ)”.

Finally, this guideline was compiled under the basic 
principle of multidisciplinary care as a comprehensive 
volume that includes many related phenomena such as 
definitions of aortic aneurysm/aortic dissection, diagnosis/
examinations, internal treatment/invasive treatment, 
rehabilitation, prevention, and surveillance by a board of 
doctors of various specialties including cardiologists, 
radiologists, pathologists, clinical geneticists, and cardio-
vascular surgeons with support by related academic societies. 
We hope that they provide reliable standards for the 
diagnosis and treatment of aortic aneurysm/dissection, but 
as they are clinical guidelines prepared on the basis of the 
limited evidence available at present and many expert 
consensuses, they do not demand full compliance.

Table 1. Classes of Recommendation (COR)

Class I There is evidence and/or general agreement that a 
given procedure or treatment is effective and/or useful

Class II
There is conflicting evidence and/or a divergence of 
opinion about the efficacy/usefulness of a given 
procedure or treatment

Class IIa There is a high probability of efficacy/usefulness based 
on evidence and opinion

Class IIb Effectiveness/usefulness is not well established based 
on evidence and opinion

Class III There is evidence and/or general agreement that the 
procedure or treatment is not effective and/or useful

Table 2. Level of Evidence (LOE)

Level A Demonstrated by multiple randomized clinical trials or 
meta-analyses

Level B Demonstrated by a single randomized clinical trial or 
large non-randomized studies

Level C Consensus from expert opinion and/or small clinical 
trials, sub-analyses
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Instead, excellent doctors in this field may conduct other 
or novel treatments not mentioned in the guidelines with 
approval of the ethical review board at each institution 
with sufficient knowledge about the evidence or expert 
consensuses shown in the guidelines. The results of such 
attempts are expected to serve as evidence for the future. 
In addition, institutions and doctors differ in risk assess-
ment, contents of treatment, and technical level, and, in 
this particular field, in which highly invasive treatments 
including emergency operations occupy a large portion, 
the guidelines do not address the contents of care, and 
actual clinical decisions are left entirely to the judgments of 
individual institutions and doctors. Especially, in invasive 
treatments for unruptured aortic aneurysms, the guidelines 
explicitly describe the indications, but the final judgments 
should be made not by medical experts alone but according 
to wishes and with the consent of the patients and their 
families after sufficient explanation.

However, for young doctors, primary care doctors, and 
doctors of other specialties, sufficient understanding of 
this guideline is the first step to provide care for aortic 

aneurysm/dissection of the current level. With strong 
awareness of this aspect, we arranged this guideline by 
selectively incorporating contents aimed to improve the 
outcomes of multidisciplinary care.

In Japan, the incidence of aortic diseases is high from a 
global perspective, but the care level including the emer-
gency care system is also high, and the therapeutic results 
are considered excellent. On behalf of those who were 
involved in the revision of the guideline, I would like to 
express my sincere hope that they further improve the level 
of care for aortic diseases in Japan and contribute to 
survival and welfare of many patients.

In this guideline, terms describing treatments for aortic 
diseases are used in the meanings shown in the following 
chart. “Surgery” is synonymous to “invasive treatment” 
and means both open surgery and endovascular treatment. 
“Open surgery” means open chest/abdominal surgery and 
primarily refers to prosthetic graft replacement. On the 
other hand, “endovascular treatment” means techniques 
including stent-graft deployment (TEVAR, EVAR) and 
transcatheter stent placement.

I. Definition, Pathogenesis, and Epidemiology

1. Definition, Pathological Condition, and  
Classification of Aortic Aneurysm

 ▋1.1 Definition
Aortic aneurysm is defined as “the circumferential or local 
enlargement (in diameter) or thickening of a part of the 
entire circumference of the aortic wall.” Overall enlargement 
of the aorta is called “aortomegaly.” On the other hand, 
dilatation of the aortic root is also called “annuloaortic 
ectasia.” Generally, the normal diameter of the aorta in 
adults has been reported to be 30 mm in the thoracic region 
and 20 mm in the abdominal region. A local dilatation of 
part of the wall (aneurysmal bulge, saccular dilatation), or 
aortic enlargement (the formation of fusiform aneu-
rysms) with an aortic diameter of more than 1.5 times the 
normal diameter (45 mm in the thoracic area and 30 mm in 
the abdominal area) is called an “aneurysm”, whereas a 
less severe aortic enlargement is called an “aneurysmal 
dilatation.”2,3

An aortic aneurysm is a local enlargement (in diameter) 
or thickening of the aortic wall. An aortic aneurysm with 

a fusiform shape is called a “fusiform type aortic aneurysm” 
(Figure 1), whereas an aortic aneurysm with a saccular 
shape is called a “saccular type aortic aneurysm” (Figure 2) 
(see PQ 1). Additionally, the types of aortic aneurysm differ 
depending on the site of the aneurysm. For example, an 
aneurysm in the thoracic aorta is called a thoracic aortic 
aneurysm (TAA). An aneurysm extending from the thoracic 
aorta to abdominal aorta is called thoracoabdominal aortic 
aneurysm (TAAA). An aneurysm in the abdominal aorta 
is called an abdominal aortic aneurysm (AAA). The 
aneurysm has a smooth transition from the aortic wall to 
the aneurysmal wall. From a histopathological viewpoint, 
in many cases, the aortic wall structure, especially medial 
elastic fibers, remains in the aneurysmal wall (Figure 3A). 
Therefore, it is easy to detect dilatation of the aortic wall. 
However, further destruction of the aneurysmal wall leads 
to the destruction and loss of the media, and in some areas 
the fibrous structure is the only remnant (Figure 3B). Even 
in such a case, the aneurysmal wall shows a transition from 
the non-dilatated site; A close observation of the aneurysmal 
wall may show a part of medial elastic fibers at other sites. 
Such an aneurysm is called a “true aneurysm” to clearly 
differentiate it from a “pseudoaneurysm”.

Treatments for
aortic diseases

Medical
treatment

Endovascular
treatment

Terms for treatments of aortic diseases in this guideline

Open surgery
primarily

prosthetic graft
replacement

Surgery 
or 

invasive
treatment
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On the other hand, a “pseudoaneurysm” leads to 
communication between the aortic lumen and the 
surrounding tissue due to damage to the aortic wall, resulting 
in the formation of a blood-filled cavity outside the aortic 
wall. In some cases, the blood leakage is ceased by 
thrombosis and hematoma formation (Figure 4). There-
fore, not three layers but only a fibrous cap remains in the 
outermost layer, showing instability after aortic rupture. 
Aortic dissection with an increase in diameter and the 
subsequent formation of aneurysms is also called a 
“dissecting aneurysm.”

The most important clinical problem with aortic aneu-
rysms is aortic rupture. Although it is difficult to strictly 
define “rupture,” extravascular blood leakage is generally 
called “rupture,” whereas rupture with the site of pain in 
the location of aneurysms without blood leakage is called 
an “impending rupture.” In some cases, an impending 
rupture shows a high attenuating crescent sign, which means 
influx of part of the contrast medium to atheroma due to 
rapid dilatation of aortic aneurysm. Aortic aneurysms 
have recently been classified according to the presence or 
absence of symptoms into “symptomatic” meaning unstable 
condition and “asymptomatic” aortic aneurysms. In many 
cases, invasive treatment is indicated for symptomatic aortic 
aneurysms.

Increased fragility of the aortic wall is deeply involved in 
the development of aortic aneurysms. The increased fragility 

is caused by structural abnormalities or destruction of the 
aortic wall due to heritable disorders of connective tissue8,9 
such as Bechet’s disease,4,5 Takayasu arteritis,6,7 Marfan 
syndrome, and structural abnormalities or destruction of 
the aortic wall such as atherosclerosis.10,11 AAA shows 
significant arteriosclerotic changes on the luminal side. The 
development of aneurysms is strongly associated with 
arteriosclerosis.12 However, the following reports show 
that the development of AAA cannot be explained by 
arteriosclerosis alone, and suggests the involvement of 
other factors especially genetic factors and hypertension: 
(i) a lower association between AAA and arteriosclerosis 
obliterans;13 (ii) the presence of familial aortic aneu-
rysms;14,15 (iii) findings that diabetes mellitus is not a risk 
factor for AAA, and reports on the inverse relationship 
between the incidence of AAA and diabetes mellitus;16,17 
and (iv) the absence of a significant association18 between 
AAA and LDL cholesterol.3,19 At the molecular level, 
previous studies have strongly suggested the involvement 
of the following factors on AAA: proinflammatory cyto-
kines, such as interleukin and interferon gamma, and 
enzymes involved in the degradation of the extracellular 
matrix such as matrix metalloproteinase.3,19,20

 ▋1.2 Pathogenesis
Signs and symptoms of aortic aneurysm can be classified 

Figure 1.  Fusiform type aortic aneurysm. Figure 2.  Saccular type aortic aneurysm.
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Figure 3.  True aortic aneurysm.
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Figure 4.  Aortic pseudoaneurysm.
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into (1) “pain” and “hemorrhage” due to rupture; and (2) 
“compression symptoms” induced by aneurysms before 
rupture to surrounding organs. Details of symptoms are 
discussed in another section (See “1. Symptoms” in Chapter 
III).

Pain and hemorrhage: Generally, in most cases, aortic 
aneurysms before rupture are asymptomatic. However, 
rupture causes severe pain. Depending on the site of 
hemorrhage, symptoms, such as chest pain, back pain, 
abdominal pain, and low back pain occur. When a patient 
has relatively severe symptoms and CT scan shows no 
blood leakage from the aorta, the patient has “impending 
rupture” and is at risk of rupture. The hemorrhagic 
symptoms include disturbance of consciousness due to 
hemorrhagic shock, hemoptysis due to rupture to lung or 
bronchial tracts, hematemesis due to rupture to the 
esophagus, melena due to hemorrhage to colon, hemothorax 
due to rupture into the thoracic cavity leading to respiratory 
failure, and symptoms such as acute heart failure due to 
rupture to pulmonary artery. Compression symptoms: 
Pressure caused by aneurysms on surrounding tissues is 
seldom recognized as symptoms. Compression symptoms 
include hoarseness due to recurrent laryngeal nerve 
paralysis, bloody sputum due to compression of the lung, 
dysphagia due to compression of the esophagus, and 
obstruction due to compression of the gastrointestinal 
tract. Long-term compression leads to fistula formation, 
sometimes resulting in hemorrhage nearly rupture condition 
and sepsis.

 ▋1.3 Classification
Aneurysms are classified based on (1) the pathology 
(morphology) of the aneurysmal wall, (2) the site, (3) the 
cause, and (4) the shape of aneurysms (Table 3).21

  ▋ 1.3.1 Pathology (Morphology) of the Aneurysmal Wall
True aneurysm: Aneurysms in which the aneurysmal wall 
consists of the components of the aortic wall (three layers: 
intima, media, and adventitia) is a true aneurysm. However, 
a part of the wall can be composed without the three layers.
Pseudoaneurysm: “New cavity” formed outside the original 
aortic cavity with the aneurysmal wall that does not include 
components of the aortic wall (a fibrous cap and the 
adventitia can be included) is called a pseudoaneurysm. 
Such aneurysms communicate with the aortic lumen 
through an aneurysmal fistula. If thrombosis of damaged 
aortic wall occurs, it is called a “hematoma.”
Dissecting aneurysm: Aortic dissection occurs when the 
aortic wall is dissected into two layers, resulting in the 
original aortic cavity (true lumen) and a newly formed cavity 
in the aortic wall (false lumen). Such an aneurysm with the 
saccular dilatation of the aorta (mainly dilatation of the 
false lumen) or an aneurysm with the entire circumference 
dilatation of the aorta (fusiform dilatation, extended 
dissection) is called a “dissecting aneurysm.” The patho-
genesis is observed in aortic dissection in the chronic phase.

  ▋ 1.3.2 Location of Aneurysms
Aneurysms are classified into thoracic, thoracoabdominal, 
and abdominal aneurysms, which are further classified as 
follows:
Thoracic: It is further classified into ascending, arch, and 
descending aortic aneurysms.
Thoracoabdominal: The Crawford classification based on 

the range of replacement in thoracoabdominal aneurysm 
surgery (Figure 5).
Abdominal: Abdominal aortic aneurysms are classified 
using the renal artery as the reference into the supra- and 
infra-renal segments.

  ▋ 1.3.3 Cause
Based on the cause of the aneurysm, aortic aneurysms are 
classified into atherosclerotic, traumatic, inflammatory, 
infected, congenital, etc. Most of them are atherosclerotic 
aortic aneurysms.

Etiology of Abdominal Aortic Aneurysm and Thoracic Aortic 
Aneurysm
The etiology of AAA has previously been considered as 
arteriosclerosis. However, a new etiology “degeneration” 
has been proposed. Therefore, the previous disease name, 
“atherosclerotic abdominal aortic aneurysm,” does not 
reflect the pathogenesis. However, it cannot be denied that 
arteriosclerotic changes are always pathologically present 
in the intimal lesions in the aneurysmal wall. Regarding 
aortic aneurysm enlargement, it is an important factor 
contributing to the fragility of the aortic wall. In addition, 
inflammation due to arteriosclerosis and the destruction 
and recovery of vascular wall structure in response to 
immune reaction play an important role in the formation 
of dilatation lesions. Furthermore, other factors, such as 
developmental, hemodynamic, and genetic factors, have 
also been reported to contribute to the formation of 
dilatation lesions.

As described above, not only arteriosclerosis but also 
other factors are involved in the etiology of AAA. There-
fore, it would be appropriate to refer to such lesions as 
“degenerative abdominal aortic aneurysms.” On the other 
hand, in many cases, the etiology of TAA in the ascending 
aorta is medial lesions which are typical histological findings 
in patients with Marfan syndrome and vascular Ehlers-
Danlos syndrome, characterized by a reduction in the 
number of elastic fibers in the aneurysmal wall. In contrast, 
atherosclerotic TAA is more commonly observed in the 
descending aorta. The findings are pathologically similar 
to AAA. In a broad sense, “degeneration” can be the 
etiology of an aneurysm.

Table 3. Classification of Aortic Aneurysms

Location: Thoracic

Thoracoabdominal

Abdominal

Shape of aneurysm: Saccular type

Fusiform type

Morphology of the wall: True

Dissecting

Pseudo

Cause: Atherosclerotic

Infected

Traumatic

Inflammatory

Congenital

Others

(Adapted from Matsuo H, 2004.21)
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  ▋ 1.3.4 Shape of Aneurysm
Aneurysms are classified into fusiform and saccular types 
based on the shape of aneurysms. The fusiform type is 
characterized by dilatation of the entire circumference of 
the aorta, whereas the saccular type has a saccular or a 
spherical shape due to unilateral and partial local dilatation 
(see PQ 1).

2. Definition, Pathogenesis, and  
Classification of Aortic Dissection

 ▋2.1 Definition
Aortic dissection is a dynamic pathology in which the 
aortic wall is dissected into two layers at the medial level. 
It has two-channel aortic lumen with a certain length along 
the aorta, and with blood flow or hematoma. Many cases 
of false lumen have blood flow, but some have thrombus 
without blood flow.22,23 Although some studies set the 
length of the dissection at ≥1 cm,24 there is no clear definition 
of it. Clinically, clear diagnostic imaging requires at least 
1–2 cm of dissection for diagnosis of aortic dissection.

Aortic dissection consists of the original aortic lumen 
(true lumen) and the newly formed aortic lumen in the wall 
(false lumen) separated by the dissected flap composed of 
intima and part of media. The dissection flap usually has 
one or a few intimal tears that allow communication 
between the true lumen and the false lumen. However, 
some patients with no intimal tears have no communication 
between the two. The main intimal tear or primary tear 
that allows blood to flow from the true lumen into the false 
lumen is called ‘the entry’, whereas an intimal tear that 
allows resumption of blood flow from false lumen into the 
true lumen is called ‘the re-entry’. The term “Re-dissection” 
is used in the case of a new dissection in a site other than 
the pre-existing false lumen or in the case of a new a 
3-channel aortic dissection in the same site. In many cases, 
this disease does not lead to aneurysm formation just after 
onset of dissection. Therefore, it is usually called an “aortic 
dissection”, not “dissecting aneurysm”, which is used only 

if the diameter increases, leading to the formation of an 
aneurysm.

The onset mechanism of aortic dissection has not been 
fully elucidated. Aortic dissection is considered to be 
caused by a combination of “lesions in the media” and 
“hemodynamic load.” is inferred that a decrease in the 
number of the elastic lamina25,26 and interlaminar fibers 
interconnecting the elastic laminae26,27 leads to the formation 
of lesions. They are supposed to be caused by heritable 
disorders of connective tissue25 such as Marfan syndrome 
and hypertension.27

Previously reported “cystic medial necrosis” as a lesion 
in the media is often seen in patients with connective tissue 
diseases, such as Marfan syndrome. However, the findings 
cannot be generalized to other patients. Future studies 
should examine hemodynamic load mostly caused by shear 
stress due to hypertension29,30 and aortic root motion.31

The most confusing terms related to dissection, as 
described below, are intramural hematoma (IMH), 
penetrating atherosclerotic ulcer (PAU), and ulcer-like 
projection (ULP). In Japan, aortic dissection has long been 
classified into two types: (i) aortic dissection with patent 
false lumen with blood flow; and (ii) aortic dissection with 
thrombosed false lumen without blood flow. On the other 
hand, in Western countries, “acute aortic syndrome (AAS)” 
has been classified into three types: classic dissection, IMH, 
and PAU32 at first definition of AAS
IMH (intramural hematoma): In Western countries, it 
refers to aortic dissection with a thrombosed false lumen 
without blood flow because intramural hematoma (or 
intramural hemorrhage) has been recognized as a subtype 
of dissection. “Originally IMH” was pathologically defined 
as intramural hematoma (or intramural hemorrhage) 
without an intimal tear. However, with the advancement 
of diagnostic imaging, terms with a meaning different from 
the original term (“IMH with ulcer”, “IMH with ULP”, 
etc.) have been commonly used. Therefore, the term, IMH, 
was not used in the previous version (2011) of this guideline 
to avoid confusion. However, because the term, “IMH”, is 
now common worldwide, IMH in this vision was interpreted 

Type I Type II Type III Type IV

Figure 5.  The Crawford classifi-
cation of thoracoabdominal aortic 
aneurysms based on the extent of 
the prosthetic graft replacement.
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as a term with different perspectives and a meaning different 
from the original. The correspondence between terms in 
Japan and those in Western countries is summarized in 
Table 4.
PAU (penetrating atherosclerotic ulcer): PAU is defined as 
ulceration of the arteriosclerotic lesions extending below 
the internal elastic lamina and media.33 PAU has a patho-
genesis different from aortic dissection. PAU with extension 
to cephalocaudal direction in the medial direction becomes 
to be dissection, whereas PAU with progression toward 
the adventitia becomes to be saccular aneurysm or aortic 
rupture. A common problem with clinical practice is which 
is proper, progression of PAU into the media or dissection 
with limited extent. Another problem is a proper use of 
PAU and ULP (see PQ 9).
ULP (ulcer-like projection): ULP is “one of the findings of 
diagnostic images” of acute aortic dissection. ULP is 
defined as the contrast region of <15 mm in the 
cephalocaudal direction in a thrombosed false lumen 
evaluated by contrast-enhanced CT or angiography. ULP 
has been suggested as the primary entry in the ULP type 
dissection. Furthermore, ULP is an important observation 
point for the ULP type dissection because ULP enlargement 
(transition to aortic dissection with patent false lumen or 
leading to aneurysm formation) or loss (transition from 
shrinkage to aortic dissection with thrombosed false 
lumen) during clinical course can be used as a prognostic 
factor.

 ▋2.2 Pathogenesis
Dissection of the aortic wall, which allows blood flow into 
the false lumen, shows temporal changes and has a dynamic 
pathology immediately after its onset. Furthermore, 
dissection progresses to distal aorta and branches in wide 
range, resulting in various pathogeneses (Figure 6). The 
pathogenesis of dissection is classified into, (1) rupture, (2) 
malperfusion, and (3) Other. For more details, see “1. 
Symptoms” in Chapter III.
Rupture: Rupture can be roughly classified into cardiac 
tamponade and rupture into the thoracic and abdominal 
cavities. Cardiac tamponade, one of the forms of aortic 
rupture, is the highest cause of death in Type A aortic 
dissection and accounts for about 85% of autopsy cases.34 
Cardiac tamponade can be caused by aortic wall rupture 
on the ascending aorta in a range until reflection point of 
pericardial cavity, resulting in aortic blood running into 
the pericardial cavity and rapid accumulation of blood 
(pericardial effusion) with collapse of hemodynamics. 

Rupture into the thoracic and abdominal cavities accounts 
for the remaining 15%.34

Malperfusion: Dissection leads to reduced blood flow into 
the aortic branch artery, resulting in organ ischemia. The 
mechanisms of malperfusion include: (i) static obstruction; 
in which blood flow in the true lumen of branch artery 
decreases due to direct dissection into branch artery, and 
(ii) dynamic obstruction in which blood flow of branch 
artery decreases due to the narrowing of the ostium of the 
branch artery by compression by intimal flap. In some 
cases, malperfusion in the coronary artery, the carotid 
artery, intercostal and lumbar arteries (the artery of 
Adamkiewicz), the celiac artery, the superior mesenteric 
artery, the renal artery, or the common iliac artery, leads to 
major organ failure such as myocardial infarction, cerebral 
infarction, paraplegia, liver disorder, bowel ischemia, renal 
dysfunction, hypertension, renal infarction, and lower limb 
ischemia, resulting in the cause of death of acute aortic 
dissection, respectively.
Others: Dissection of the aortic root may lead to aortic 
insufficiency, resulting in severe heart failure. Aortic dissec-
tion may lead to aortic dilatation in the chronic period, 
resulting in rupture of aortic aneurysm. The formation of 

Table 4. Concept and Notations of Intramural Hematoma

Concept Japanese notation English notation

 Thrombosed false lumen with no tears in the flap  
(Pathological concept, original concept of IMH)

Aortic dissection with thrombosed false 
lumen (Figure 7A)

IMH

 Thrombosed false lumen with tears in the flap, which 
cannot be clinically identified (Clinical concept)

Aortic dissection with thrombosed false 
lumen (Figure 7B)

IMH

Thrombosed false lumen with ULP ULP type aortic dissection (Figure 7C) IMH with ULP
IMH with ulcer
Intimal defect with IMH

Patent false lumen with blood flow in the false lumen Aortic dissection with patent false lumen 
(Figure 7D–F)

Aortic dissection or classic dissection

IMH, intramural hematoma; ULP, ulcer-like projection.

Cerebral ischemia

Cardiac tamponade

Myocardial ischemia

Spinal cord ischemia

Renal ischemia

Lower limb ischemia

Intraperitoneal hemorrhage
Retroperitoneal hemorrhage

Hepatic ischemia

Intestinal ischemia

Aortic valve 
regurgitation

Intrathoracic hemorrhage
Intramediastinal hemorrhage

Ischemic complications

Hemorrhagic complications

Figure 6.  Pathology of aortic dissection.
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massive thrombosis in the false lumen leads to disseminated 
intravascular coagulation (DIC) syndrome and inflam-
matory response.

 ▋2.3 Classification
Types of aortic dissection are classified based on three 
perspectives. Specifically, aortic dissections are classified 
based on (1) extent of dissection, (2) blood flow in the false 
lumen, and (3) disease phase (Table 5). To understand the 
pathogenesis and set the treatment strategy, these three 
factors should be considered to determine the disease type.

  ▋ 2.3.1 Classification Based on the Extension of Dissection
There are two classification methods: the Stanford classifi-
cation and the DeBakey classification. The former method 
classifies aortic dissections based on whether the dissection 
extends to the ascending aorta (types A) or not (Type B) 
regardless of the site of entry.35 In some cases, aortic 
dissections with entry or false lumen in aortic arch can be 
classified as “non-A non-B aortic dissection.” The latter 
method classifies aortic dissections into type I, type II, type 
III (a, b) based on extension of dissection and the site of 
entry.36

  ▋ 2.3.2  Classification Based on Blood Flow in the False 
Lumen

Aortic dissections can be classified according to the status 
of blood flow in false lumen; aortic dissection with throm-
bosed false lumen, ULP type, and aortic dissection with 
patent false lumen.
Aortic dissection with thrombosed false lumen type: A 
crescent-shaped false lumen is observed, and there is no 
blood flow into the false lumen. Enhancement with contrast 
media in false lumen is not identified in the early phase of 
contrast-enhanced CT. However, in some cases, it is seen 
in the false lumen in the late phase. This type includes the 
cases without actual intimal tears (the original meaning of 
IMH) (Figure 7A) and cases with intimal tears but no 
observable blood flow in diagnostic imaging (Figure 7B). 
It is difficult to differentiate the two types.
ULP type: Aortic dissection is classified as ULP type if 
ULP in thrombosed false lumen is detected by contrast-
enhanced CT within two weeks of after symptom onset 
(Figure 7C). Aortic dissection is not classified as ULP type 
if the size in the cephalocaudal direction is ≥15 mm (4 slice 
or more in 5-mm thick axial CT images). In such cases, it 
was not classified as ULP type but as an aortic dissection 
with a patent false lumen type. On the other hand, in cases 

Table 5. Classification of Aortic Dissections

1. Classification based on the extent of dissection

Type A Type B
  Stanford Classification

    Type A: Dissection is present in the ascending aorta

    Type B: Dissection is absent in the ascending aorta

  DeBakey Classification

    Type I:  A tear is present in the ascending aorta, and the dissection extends to the 
periphery from the aortic arch

    Type II:  A tear is present in the ascending aorta, and the dissection is localized to 
the ascending aorta

    Type III: A tear is present in the descending aorta

      Type IIIa: The dissection does not extend to the abdominal aorta

      Type IIIb: The dissection extends to the abdominal aorta

  The following subcategories can be added to the DeBakey Classification:

    Arch type: A tear is present in the arch region

    Arch localized type: The dissection is localized to the arch region

    Arch extended type: The dissection extends to the ascending or descending aorta

    Abdomen type: A tear is present in the abdominal region

    Abdomen localized type: The dissection is present only in the abdominal aorta

    Abdomen extended type: The dissection extends to the thoracic aorta

    (The term “retrograde type III dissection” is not used)

2. Classification based on blood flow in the false lumen

    Dissections with patent false lumen:  Dissections with blood flow in the false lumen. In this type of lesion, the false lumen may show no 
thrombus, be partially thrombosed (partial thrombosis), or show more advanced thrombosis 
resembling the appearance of the ULP type

    ULP type dissections:  Dissections in which ULP (<15 mm) is observed even once in part of the thrombosed false lumen on contrast-
enhanced CT examination within 2 weeks after the onset

    Dissections with thrombosed false lumen:  Dissections with a crescent-shaped false lumen with no influx of blood into the false lumen. 
This type of lesion has a thrombosed false lumen with no tears in flap or thrombosed false 
lumen with tears in flap, which cannot be clinically identified

3. Classification based on the disease phase  

    Acute phase:  Dissections presenting within 2 weeks after onset, of which hyperacute phase refers to those presenting within 48 hours of 
onset

    Subacute phase: Dissections presenting between 2 weeks and 3 months of onset

    Chronic phase: Dissections presenting after more than 3 months of onset

ULP, ulcer-like projection.
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of pooling of the contrast medium in intramural hematoma 
(IBP, which is due to injury of intercostal artery, described 
below), it is difficult to discriminate against ULP type. In 
case surely diagnosed with IBP based on its morphology, 
and it is not classified as ULP type.
Aortic dissection with patent false lumen type: If the false 
lumen is imaged by contrast-enhanced CT at the onset, it 
clearly differentiates between the true lumen and the false 
lumen by the dissection flap. This type includes three 
different conditions; no thrombus is seen in the false lumen 
(Figure 7F), partial thrombosis (Figure 7E) or progression 
of thrombosis (close to ULP type) (Figure 7D).

  ▋ 2.3.3 Classification Based on Disease Phase
Within the first two weeks of after symptom onset is clas-
sified as the acute phase. Between two weeks and three 
months after onset is classified as the subacute phase. 
While more than three months after onset is classified as 
the chronic phase. In emergency medical service, within 
48 h after onset is classified as hyperacute phase.

3. Epidemiology

There is no Japanese national statistical data on aortic 

aneurysm and aortic dissection. Therefore, its accurate 
incidence is unknown. Statistical data from a small number 
of databases are shown below.

 ▋3.1 Annual Incidence
Although data of annual incidence from local area was 
rare, a few data was reported (Table 6).37 Although annual 
incidence of acute aortic dissection was estimated to be 
approximately 3 per 100,000 population. According to the 
data from the Tokyo Acute Aortic Super-network, the 
annual incidence is 10 per 100,000 population.

According to the annual report by the Japanese 
Association for Thoracic Surgery (2011–2017), the estimates 
of the number of surgeries for both non-dissecting TAA 
and aortic dissection tend to increase (Figure 8).38–43,43a In 
addition, according to the annual report based on patients 
registered in the NCD by the Japanese Association for 
Vascular Surgery (2011–2014), the estimates of the number 
of surgeries for AAA also tend to increase (Figure 9).43b

 ▋3.2 Changes in the Incidence by Age
Based on estimations from autopsy cases, the age distri-
bution of the onset of non-dissecting aortic aneurysm is 

Dissection with thrombosed 
false lumen Dissection with patent false lumenULP type 

dissection

A B C D E F

Figure 7.  Classification of aortic dissections based on the condition of the false lumen.

Table 6. Regional Survey of the Incidence Rate of Acute Aortic Dissection

Year Surveyed area Surveyed  
population

Incidence/100,000 
people/year

1997 North central region of Osaka Prefecture      6 million 3.12

1998 Mie Prefecture   1.6 million 3.7　　

1999 Hanshin area    10 million 2.67

1991–2000 Takatsuki City, Osaka Prefecture 0.37 million 2.62

1997–2005 Metropolitan area of Iwate Prefecture      1 million 5.2　　

(Adapted from Fukumoto H, 2002.37)
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shown in Figure 10A, in which those at the onset peak were 
men in their 70 s and women in their 80 s.44 The higher 
incidence of non-dissecting aortic aneurysm in the elderly 
may be due to arteriosclerosis. As shown in Figure 10B, 
those who were at the onset peak of aortic dissection were 
in their 70 s.44

 ▋3.3  Changes in the Incidents by Season, Time of 
Day, and Day of Week

The incidence of aortic dissection tends to be higher in 
winter than in summer.34,45,46 In terms of time of day, the 
incidence was higher during the day especially at the most 
active time of the day (between 6:00 AM and 12:00 PM). 
In contrast, the incidence was lower between midnight and 
early morning.45–47 There was no day-of-week effect.34

 ▋3.4  Aortic Dissection Based on Cases of Sudden 
Death

Because autopsy data from the Tokyo Medical Examiner’s 
Office were mostly data with death soon after the onset, the 
following data are likely to be autopsy reports of sudden 
death. The incidence of death before reaching to the 
hospital was 61.4%. The incidence of death within less 
than 1 h from the onset was 7.3%. The incidence of death 
within 1–6 h from the onset was 12.4%. The incidence of 
death within 6–24 h from the onset was 11.7%. The inci-
dence of death within 24 h (including death before reaching 
the hospital) was 93%. Regarding the time of onset of 
dissection, the incidence of dissection in acute phase was 
94.5%. Of these cases, the incidence of DeBakey type II 
aortic dissection was 38.1%, the highest. In general 
autopsy, incidence of DeBakey type I aortic dissection was 
usually highest. The direct cause of death was aortic 
rupture in 98.5% of cases of sudden deaths. Of them, 
cardiac tamponade accounted for 86.6% and rupture into 
left or right thoracic cavity accounted for 8.1%. Cause of 
sudden death other than aortic rupture was only 1.5%, and 
was inferred to be myocardial ischemia due to the extension 
of the dissection to the coronary arteries. In general, the 
right coronary artery has been frequently reported to 
contribute to sudden death. However, in cases of sudden 
death, the incidence of the dissection of the left coronary 
artery was higher.

4. Glossary

 ▋4.1 Aortic Aneurysm
Thoracic aortic aneurysm (TAA): A term for aortic aneu-
rysms in the thoracic cavity. The ascending aorta refers to 
the aorta extending from the aortic annulus to the brachio-
cephalic artery branches. The aortic arch refers to the 
aorta extending from the origin of the brachiocephalic 
artery to the T3–T4 thoracic levels (bifurcation of the 
pulmonary artery). The descending aorta refers to the 
aorta extending from the T3–T4 thoracic levels to the 
lower thoracic levels.
Thoracoabdominal aortic aneurysm (TAAA): A term for the 

Non-dissecting thoracic aortic aneurysm
Aortic dissection
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Figure 8.  Annual changes in the number 
of surgical cases for non-dissecting 
thoracic aortic aneurysm and aortic 
dissection in Japan. (Source: Prepared 
based on Amano J, et al. 2013,38 
Masuda M, et al. 2014,39 2015,40 2016,41 
2018,42 Shimizu H, et al. 2019,43 2020.43a)
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Figure 9.  Annual changes in the number of surgical cases for 
non-dissecting abdominal aortic aneurysm in Japan. (Source: 
Prepared based on the Japanese Society for Vascular 
Surgery43b)
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area extending from the thoracic cavity to the abdominal 
cavity. The aneurysm is classified based on the range of the 
replacement of vascular prosthesis into four types using the 
Crawford classification (Figure 5).
Abdominal aortic aneurysm (AAA): A term for an aneurysm 
that occurs in the abdominal aorta.
True aneurysm: In general, it is a synonym for so-called 
aortic aneurysm. It is used to clearly differentiate the aneu-
rysm from a “dissecting aneurysm” or “pseudoaneurysm”. 
Although the aneurysmal wall consists of the original 
arterial wall, the media may not be histologically confirmed 
when the aneurysm is enlarged.
Dissecting aneurysm: Aneurysm caused by aortic dissection.

Pseudo- (false aneurysm) aneurysm: Aneurysm without the 
aortic wall. It is mostly caused by trauma or infection.
Fusiform type aortic aneurysm: A type classified based on 
aortic aneurysmal morphology.
Saccular type aortic aneurysm: A type classified based on 
aortic aneurysmal morphology.
Fusiform or saccular type aneurysms: Fusiform aneurysm 
is defined as the circumferential dilatation of the vessel 
with a diameter of more than 1.5 times the normal diameter. 
A saccular aneurysm is defined as a partial aneurysmal 
bulge. When clear differentiation is difficult, the aneurysm 
is classified as a saccular aneurysm. Clinically, saccular 
aneurysms are unstable. Therefore, in many cases, surgery 
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A  Non-dissecting aortic aneurysm (2003–2008)

B  Aortic dissection (2002–2008)

Figure 10.  Age distribution of the number of autopsies for non-dissecting aortic aneurysm and aortic dissection in Japan. (Source: 
Prepared based on the Japanese Society of Pathology44)
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is indicated for saccular aneurysms regardless of the size of 
the thickening (See PQ 1).
Inflammatory aortic aneurysm: Aneurysm caused by 
inflammation. Although, in general, “inflammation” is a 
concept that includes infection, however, inflammatory 
aortic aneurysm does not include the aortic aneurysm with 
infection.
Inflammatory periaortitis: A case with inflammation around 
the aorta but with less aortic dilation that does not meet 
the criteria of aneurysm.
Infected aortic aneurysm: Aneurysm caused by infection.
Rupture: Extravascular blood leakage due to damage to 
the arterial wall.
Impending rupture: The absence of damage to the arterial 
wall despite the presence of aneurysmal pain.

 ▋4.2 Aortic Dissection
Dissecting aneurysm: Aortic dissection with aneurysmal 
formation. A general term that was previously used for 
overall aortic dissection. However, because in many cases 
with aortic dissection in acute phase does not meet the 
criteria for an aneurysm, aortic dissection in acute phase is 
now called, “acute aortic dissection.”
True lumen: The original arterial cavity.
False lumen: A new cavity formed in the arterial wall (the 
term “dissection cavity” is not appropriate).
Dissection flap: The (intima-media) septal wall. It used to 
be called “intimal dissection.” However, it actually consists 
of intima and a part of the media.
Tear: Intimal and medial tears of aortic dissection which is 
the site of communication between the true lumen and the 
false lumen. “Intimal tear” is also regularly used as a 
synonym for “tear”.
Entry: A site where blood flow enters from the true lumen 
to the false lumen.
Re-entry: A site where blood flow enters from the false 
lumen to the true lumen.
(“communication window” that is also used as a term for 
both entry and re-entry)
Aortic dissection with patent false lumen: It is a synonym 
for “communicating aortic dissection”, a type of aortic 
dissection in Europe classification. It is also called “classic 
dissection” or “double barrel aorta.” One of the three 
types of aortic dissection in Japanese
Aortic dissection with thrombosed false lumen: It is a 
synonym for “noncommunicating aortic dissection”, a 
type of aortic dissection in Europe classification. One of 
the three types of aortic dissection in Japan.
Ulcer-like projection (ULP): Protrusion in a part of the 
thrombosed false lumen detected by diagnostic imaging, 
such as angiography. Although the sensitivity varies by 
diagnostic imaging techniques, “image findings” show 
various pathogenesis (tear, artery branch injury, arterio-
sclerotic ulcer site, etc.) Due to unstable pathogenesis 
regardless of the size, it requires close monitoring. There-
fore, to seek attention, it is recommended to treat “the 
ULP type dissection” described in the next section with the 
same procedure as for “aortic dissection with patent false 
lumen type” (For details, see PQ 9).
ULP type dissection: Dissection with ULP. One of the 
three types of aortic dissection in Japan.
Classic aortic dissection: Dissection with a tear or a flap. 
One of the three types of acute aortic syndrome in Western 
countries. It is almost equivalent to the Japanese term 

“aortic dissection with patent false lumen.” 
Intramural hematoma (IMH): Originally, dissection without 
a tear. One of the three types of acute aortic syndrome in 
Western countries. It is almost equivalent to the term “aortic 
dissection with thrombosed false lumen” used in Japan (for 
details, see PQ 9).
Intramural hemorrhage: It is a synonym for intramural 
hematoma.
Penetrating atherosclerotic ulcer (PAU): Ulceration of 
arteriosclerotic lesions, extending below the internal elastic 
lamina and media. One of the three types of acute aortic 
syndrome in Western countries.
Intramural blood pool (IBP): Blood pooling space in IMH, 
and they are often associated with an adjacent aortic 
branch artery, like the intercostal, bronchial and lumbar 
arteries. It needs to be discriminated from ULP.
Re-dissection: Aortic dissection at a site other than the 
pre-existing dissection site. Or a 3-channel aortic dissection 
at the same site.
Re-canalization: Blood flow recovery in aortic dissection 
with thrombosed false lumen without blood flow.
Retrograde dissection: It refers to an extensive retrograde 
dissection to the proximal aorta. Type A dissection with 
ULP distal to the left subclavian artery is strongly suggestive 
of the presence of retrograde dissection.
Extension of aortic dissection: Extension of dissection mainly 
in the longitudinal direction of the aorta. Re-progression 
of the completed dissection after some time can be classified 
as re-dissection.
Enlargement of the dissection (false lumen): Extension of 
the false lumen in the short axis direction.

PQ 1.
Is a Saccular Type Aneurysm an Indication for Early 
Surgery?

Recommendation
Saccular aneurysms, particularly those that are markedly 
protruded, are more likely to rupture, but the rupture risk 
assessment has not been established, and the surgical 
indication for saccular aneurysms must be carefully 
evaluated.

Aortic aneurysms are morphologically classified into fusi-
form and saccular. The surgical indication of fusiform 
aortic aneurysms is often determined according to the aortic 
diameter, but as the risk of rupture is considered high in 
saccular aneurysms, surgery is often indicated in an earlier 
stage despite a smaller aortic diameter compared with 
fusiform aneurysms. Therefore, whether the aneurysm is 
fusiform or saccular is one of the most important factors 
for making decisions. Generally, saccular aneurysms are 
defined as “focal or asymmetric aortic enlargement”,48 but 
this description is vague, and a more precise definition has 
been considered necessary.

Recently, the finite element analysis has shown that 
there are true saccular aneurysms at a high risk of rupture 
and “aneurysms that have been recognized as saccular 
aneurysms” at a low risk of rupture similarly to fusiform 
aneurysms. If, as shown in Figure 11, a sac depth/neck 
width of >0.8 is defined as the criterion for high-risk 
saccular aneurysms, saccular aneurysms with a sac depth/
neck width of >0.8 have low wall shear stress49 and, conse-
quently, a high risk of rupture.50 Also, if, as shown in 
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Figure 12, an aspect ratio (vertical diameter/horizontal 
diameter) of <1.0 is defined as the criterion for high-risk 
saccular aneurysms, the maximum principle stress has been 
shown to be very high when the aspect ratio is <1.0.51 As 
observed above, the definition of high-risk saccular aneu-
rysms is not uniform, but it has been suggested that the sac 
depth/neck width increases, but the vertical/horizontal 
diameter decreases, as a saccular aneurysm is more mark-
edly protruded and leads to high risk of rupture. Therefore, 
saccular aneurysms that fulfill the above criteria need to be 
considered at a higher risk of rupture compared with 
fusiform aneurysms and may be regarded as “true saccular 
aneurysms”. However, caution is necessary in saccular 
aneurysms with a short protrusion (neck width or vertical 
diameter), because the risk is overestimated according to 
the above parameters.

Also, the assessment of saccular aneurysms is difficult if 
the aorta is curved at the site of the aneurysm. In such a 

case, it is possible to make evaluation by linearizing images 
by the technology also adopted in CT examination of the 
coronary artery. Although both the lesions in Figures 13 
and 14 appear saccular in 3D-CT images, calculation after 
linearization indicates that the lesions in Figures 13 and 14 
are a high-risk and low-risk saccular aneurysm, respectively.

There are also reports that the enlargement rate of 
saccular aneurysms is not different compared with fusiform 
aneurysms52 and that the maximum wall pressure after 
correction for the aortic diameter does not differ between 
saccular and fusiform aneurysms.53 Many “fusiform 
aneurysms that appear saccular aneurysms” as mentioned 
above are considered to have been included in the study 
population because of the vagueness of the definition of 
saccular aneurysms. The size that is an indication of invasive 
treatment for saccular aneurysms cannot be set precisely. 
However, in a cohort study that included a large number 
of AAA, rupture at the diameter <45 mm was 8.4% in the 

 high-risk saccular aneurysm: 
sac depth / neck width of >0.8

Figure 11.  Definition of high-risk saccular aneurysm (1).

Figure 13.  High-risk saccular aneurysm.
The right image was prepared by linearizing the sagittal 
section at the sagittal line (S).
sack depth (D) / neck width (W) = 1.03 > 0.8
neck width (W) / horizontal diameter (H) = 0.73 < 1.0
(D=54.8 mm, W=53.0 mm, H=72.2 mm)

 high-risk saccular aneurysm: 
vertical diameter / horizontal diameter <1.0

Figure 12.  Definition of high-risk saccular aneurysm (2).

Figure 14.  Low-risk saccular aneurysm.
The right image was prepared by linearizing the sagittal 
section at the sagittal line (S).
sac depth (D) / neck width (W) = 0.64 < 0.8
neck width (W) / horizontal diameter (H) = 1.01 ≥ 1.0
(D=36.0 mm, W=56.5 mm, H=55.8 mm)



Circulation Journal Vol.87, October 2023

1424 OGINO H et al.

saccular aneurysms and rupture at the diameter <55 mm 
was 8.1% in the fusiform aneurysms. These results are 
leading to the conclusion that “the indication size of fusi-
form aneurysm – 10 mm” is a recommendable indication 
of invasive treatment for saccular aneurysm.54 If this view 
is adopted, an indication of invasive treatment for saccular 
aneurysms may be a horizontal diameter of ≥45 mm in 

AAA and ≥50 mm in TAA.
Unfortunately, the method for risk assessment of rupture 

of saccular aneurysms including definitions has not been 
established, and indications of treatment must be evaluated 
in consideration of this fact.

II. Pathology

1. Normal Aorta and Its Age-Related  
Changes, and Atherosclerosis

The aorta begins in the sinus of Valsalva/aortic sinus, 
including the aortic valve, and continues to the ascending, 
arch, thoracic descending, and abdominal aorta. A normal 
aorta consists of three layers: the intima, media, and 
adventitia. The intima is comprised of a single layer of 
endothelial cells and a subendothelial layer of loose fibro-
connective tissue, while the media is composed of elastic 
laminae made of elastic fibers running in parallel, collagen 
fibers, and proteoglycan, as well as smooth muscle cells 
that produce them. The ascending aorta contains the largest 

number of medial elastic laminae, with 50–60 layers, while 
30 or fewer layers are found in the descending aorta 
(Figure 15). An aneurysm occurs when the following three 
changes become excessive due to atherosclerosis, medial 
degeneration, or aging: (1) decrease in the medial smooth 
muscle cells, (2) fragmentation of elastic fibers, and (3) 
increase in the extracellular matrix, each of which results 
in dilatation, elongation, and meandering of the blood 
vessels (Figure 16). The adventitia is composed of sparse 
connective tissue, in which the vasa vasorum, peripheral 
nerves, and lymph nodes are diffusely present. The vasa 
vasorum of the adventitia supply oxygen to one-third of 
the outer layer of the media, and normally, blood vessels 
are not distributed further to the inner side. However, 
medial destruction by inflammation or degeneration leads 
to angiogenesis in the media. Aortic diseases are broadly 
divided into atherosclerosis, medial degeneration due to 
medial degenerative disease, and inflammatory diseases, 

Intima

Media

Adventitia

Figure 15.  Structure of the normal aorta (Representative 
patients in their 20s; Non-identical cases). Lower photomicro-
graphs of H&E, EVG, and Toluidine blue stainings.

Figure 16.  Age-related changes (tortuous, or atherosclerosis) 
of the aorta (Representative patients in their 80s; Non-identical 
cases). Lower photomicrographs of EVG, and Toluidine blue 
stainings show medial degeneration.
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many of which result in aortic aneurysm, and the destruc-
tion of medial elastic laminae and hemodynamic effects 
lead to aortic aneurysm formation.55

2. Aortic Lesions

The histopathological changes of the aorta in the intima are 
mainly fibrocellular intimal thickening and atherosclerosis, 
and disorders that primarily affect the media include 
connective tissue diseases and inflammatory diseases, each 
of which is discussed in a separate section.

3. What Is Aortic Aneurysm?

Aortic aneurysm is a condition of localized or diffuse 
dilatation of the aortic wall and its protrusion toward the 
adventitia. However, a true aneurysm contains aortic 
aneurysmal wall composed of the intima, media, and 
adventitia, while a pseudoaneurysm has an aneurysmal 
wall lacking medial components and is composed of the 
adventitia or surrounding fibrous tissue (Figure 17). In a 
dissecting aneurysm, blood flows into the medial muscular 
layer through an intimal tear called entry, forming a false 
lumen, and dilatation of the false lumen increases the 
vascular diameter.55

4. Atherosclerosis

Atherosclerosis is a change that impairs the vascular 
function due to the decreased elasticity of the arterial wall 
caused by inflammation, fibrosis, or calcification (Figure 18). 
It is caused by chronic pressure overload, such as age-
related changes and hypertension. The aorta presents with 
dilatation and stenotic lesions, mainly due to advanced 
atherosclerosis with calcification. AHA has classified 
atherosclerotic lesions into early lesions (grades I, II), 
moderate lesions (grade III), and advanced/complicated 
lesions (grades IV, V, VI).56–58

Advanced/complicated lesions form atheroma consisting 

of collagen fiber proliferation and excessive lipid deposition 
(cholesterin deposition) under the fibrous thickened 
intima, along with inflammation by T-lymphocytes and 
macrophages. Additionally, calcification appears in the 
thickened area of the intima. Atheroma formation in the 
abdominal aorta is most prominent under the renal arteries. 
The iliac arteries often present with severe atherosclerotic 
stenosis. In the thoracic aorta and its branches, atheroma 
formation around the origins of the trifurcation of the arch 
to the carotid and subclavian arteries often precedes 
atherosclerosis. The surface of the atheroma exhibits ulcer 
formation due to endothelial cell injury, and it is called a 
complicated lesion if thrombosis is formed at the site, 
corresponding to grades IV to VI of the AHA classifica-
tion56–58 (Figure 18). At this stage, a large amount of 
atheroma spreads to the media, resulting in the thinning of 
the media. As a result, aneurysm formation and aortic 
dissection tend to occur.

True aortic aneurysm

Aortic 
pseudoaneurysm

Aortic dissection/
dissecting aortic 
aneurysm

Figure 17.  Classification of aortic aneurysm.

Grades I/II
Intimal thickening

No atheroma

Grade III
Atheroma

No necrosis

Grade IV
Atheroma

No necrotic core

Grade V
Calcified lesion/
fibroatheroma

Grade VI
Complicated lesion

Rupture of plaque/ulcer
Intraplaque hemorrhage

Figure 18.  Grades of aortic atherosclerosis (AHA Classification). Grade IV or higher grades indicate complicated lesions.
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5. Aortic Dissection Due to Atherosclerosis

Atherosclerosis-related aortic dissection occurs based on 
penetrating atherosclerotic ulcer (PAU), and the base of 
the ulcer of PAU ruptures, progressing to dissection.59–64

6. Aortic Dissection Due to Heritable  
Connective Tissue Disorders

Abnormal formation of the extracellular matrix, an 
important component of the media of the aorta, due to the 
genetic background causes abnormalities in the media, 
leading to dilatation and dissection. In Marfan syndrome, 

fibrillin-1 gene (FBN1) mutations destabilize the microfibril 
in the media, resulting in fragile connective tissue. Although 
there are histological differences among the sites, disruption 
and fragmentation of elastic fibers are notable, and the 
extracellular matrix (mainly proteoglycan) accumulates 
between the disrupted elastic fiber layers, presenting an 
image of so-called cystic medial necrosis (CMN). In 
addition to Loeys-Dietz syndrome, which is caused by 
mutations in the TGF-β receptor, genetic abnormalities of 
the TGF-β signaling pathway have been identified in other 
familial thoracic aortic aneurysms and dissections in recent 
years. Additionally, fibrillin-1, which is the causative 
protein of Marfan syndrome, was also shown to be a signal 
regulator of TGF-β. (See “1. Hereditary Aortic Diseases” 
in Chapter VIII.)

III. Symptoms, Examinations, and Diagnoses

1. Symptoms

 ▋1.1 Symptoms of Aortic Aneurysm
Thoracic aortic aneurysm (TAA) and abdominal aortic 
aneurysm (AAA) are mostly subclinical and often diagnosed 
unexpectedly during imaging examinations. However, aortic 
aneurysm should be considered as one of the differential 
diagnoses during examinations as it may cause comorbid 
symptoms depending on its site, size, and enlargement rate.

Patients with TAA may experience cough, shortness of 
breath,65 odynophagia, dysphagia,66 and hoarseness, while 
those with AAA may experience continuous or intermittent 
abdominal pulsating feeling, abdominal pain, and 
abdominal discomfort. Aneurysmal pressure may cause a 
feeling of fullness when eating, resulting in reduced appetite. 
On the other hand, patients often present with sudden pain 
in the chest, abdomen, back, or buttocks during rupture or 
impending rupture of an aortic aneurysm, and its rupture 
results in a collapse of vital signs. In rare cases, heart failure 
symptoms due to high output heart failure from aorto-caval 
fistula, hematemesis and melena from aortic gastrointestinal 
fistula, or hemoptysis from aortic tracheal fistula may occur.

 ▋1.2 Clinical Symptoms of Acute Aortic Dissection
The clinical symptoms of acute aortic dissection include 
pain/syncope caused by dissection itself and sequelae 
(complications) secondary to dissection. The sequelae 
due to dissection are divided into three types: rupture/
hemorrhage, malperfusion, and others.

  ▋ 1.2.1 Pain and Syncope at the Time of Onset
a. Pain
Pain is the main symptom in the acute phase, and is listed 
as an important risk marker for aortic dissection detection 
risk score (ADD-RS) in Europe and the United States. The 
majority of the patients complain of intense pain in the 
chest or back during its onset, and it is often described as 
severe pain that they have never experienced. It is a sharp 
and tearing pain characterized by a sudden onset. Anterior 
chest pain is characteristic of Type A dissection, while back 

and abdominal pain is characteristic of Type B dissection. 
In addition, the pain may migrate with the extension of the 
dissection site, or conversely, it may temporarily disappear 
when its extension stops. On the other hand, it is also 
important to note that approximately 6% of acute aortic 
dissections are painless.67

b. Syncope
Syncope without typical pain is experienced by 9–20% of 
the patients.68,69 Syncope occurs due to cardiac tamponade 
or cerebral ischemia when acute aortic dissection reaches 
the heart or cerebral blood vessels; however, it may also be 
caused by vagal reflex due to pain.

  ▋ 1.2.2 Sequelae of Dissection
a. Rupture
Rupture of the ascending aorta dissection in the pericardial 
sac results in cardiac tamponade. Cardiac tamponade is 
the most serious cause of death in the acute phase, and 
according to autopsy case reports, the cause of death in 
70% of the cases is the perforation into the pericardial 
cavity.70 In particular, cardiac tamponade may develop if 
the dissection extends to the ascending aorta covered by 
the pericardium. Cardiac tamponade is caused by the 
accumulation of hemorrhagic effusion due to perforation 
in the pericardial sac of the dissected aorta; however, the 
time course until its onset varies depending on the amount 
and accumulation rate of hemorrhagic effusion. Also, 
hemorrhage due to intrathoracic/celiac perforation is 
observed when rupture occurs from thoracic/abdominal 
aortic dissection. Based on aortic dissection autopsy cases, 
massive lethal hemorrhage is most commonly observed in 
the left thoracic cavity, followed by the mediastinum and 
retroperitoneal space.71

b. Malperfusion of Thoracic/Abdominal Aortic Branches
Stenosis or occlusion in an aortic branch due to dissection 
leads to malperfusion of the organ receiving blood from 
the branch, resulting in various symptoms. Malperfusion is 
classified into three types: (1) dynamic obstruction (blood 
that has entered the false lumen from the entry has no place 
to escape, and the blood collected in the false lumen presses 
on the true lumen, interfering with the branch perfusion), 
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(2) static obstruction (the dissected intima enters the 
branch and occludes it, interfering with the branch perfusion), 
and (3) a combination of (1) and (2). For details on the 
treatment for each malperfusion, see the section on treatment 
of “3. Stanford Type B Aortic Dissection” in Chapter VI.
i. Coronary Artery
According to autopsy case reports, 3–7% of all aortic 
dissections extend to the coronary arteries.25,72 Myocardial 
ischemia, excluding shock cases, accounts for 3–9% of 
Type A dissection,72,73 and it presents with various clinical 
symptoms found in coronary artery diseases, such as chest 
pain, atrioventricular block, and dyspnea. Since dissection 
often extends from the right coronary cusp to the non-
coronary cusp at the base of the aorta, impaired blood 
flow due to dissection is more likely to occur in the right 
coronary artery than in the left coronary artery.
ii. Cerebral Blood Vessels
When the dissection reaches the carotid and vertebral 
arteries, various neurological symptoms are exhibited due 
to abnormal cerebrovascular perfusion, hypotension, 
distal thromboembolism, and nerve compression. Cranial 
nerve symptoms are divided into impaired consciousness 
and local neuropathy; however, the symptoms and their 
severity vary. Both are caused by an abnormal blood flow 
in the arch branches; however, impaired consciousness 
may also be caused by systemic circulatory failure due to 
myocardial ischemia or massive hemorrhage. The compli-
cation rate of cerebral ischemia is 3–7%. Cerebral infarction 
is most commonly caused by stenosis or occlusion of the 
brachiocephalic artery or left common carotid artery.
iii. Spinal Cord Ischemia
Lower limb paraplegia occurs in approximately 4% of the 
patients.71,74 The upper part of the spinal cord is mainly 
nourished by the branched blood flow of the vertebral 
arteries, which is rarely damaged by aortic dissection. On 
the other hand, the main blood flow to the lower part of 
the spinal cord is maintained by the branches of the inter-
costal and lumbar arteries, which are directly branched 
from the aorta. In particular, the branch that connects to 
the anterior spinal artery between the lower thoracic spine 
and the upper lumbar spine (Adamkiewicz artery), which 
is called the arteria radicularis magna, is usually thicker 
than other spinal branches. Stenosis of the intercostal and 
lumbar arteries, their interruption from the true lumen, or 
occlusion of the false lumen by thrombosis due to descending 
aorta dissection results in an impaired blood flow of the 
Adamkiewicz artery, causing ischemia in the middle of the 
thoracic spinal cord, which divides the upper and lower 
parts of the spinal cord. Although transverse spinal 
symptoms may occur, the anterior part of the spinal cord, 
that is, the motor nerve region, can be easily damaged, 
causing paraplegia.
iv. Intestinal Ischemia
Intestinal ischemia occurs concomitantly due to stenosis or 
occlusion of the celiac and superior mesenteric arteries 
with a complication rate of 2–7%.70,73,75,76 However, it is 
difficult to clarify its pathology, and it may appear abruptly 
after surgery. Also, its complication rate was reported to 
be higher in Type B dissection than in Type A dissection.72 
Aortic dissection with intestinal ischemia has a poor 
prognosis,77 and the diagnosis should be made by paying 
attention to its symptoms, such as abdominal pain and 
melena, and elevated blood lactate and LDH levels.
v. Renal Ischemia
Impaired renal blood flow due to malperfusion occurs in 

approximately 7% of the patients71 and presets with oliguria 
and hematuria. Hypertension may occur concomitantly due 
to renal artery stenosis. Some studies have reported that 
the left kidney is more susceptible to malperfusion-related 
ischemia than the right kidney, while others have reported 
that there is no laterality. Thus, there is no consensus on 
the difference between the left and right kidneys.
vi. Limb Ischemia
The disappearance of lower limb pulse due to stenosis/
occlusion of the iliac artery, or due to aortic stenosis or 
thrombosis occlusion in some cases, and lower limb isch-
emia symptoms occur in 7–18% of the patients.73,75 These 
often occur after extensive dissection, and are frequently 
complicated by multiple-organ ischemia. Invasive treatment 
intervention needs to be considered for lower limb ischemia. 
Severe ischemia may be complicated by myonephropathic 
metabolic syndrome (MNMS), which is an ischemia-
reperfusion injury. On the other hand, upper limb ischemia 
is caused by stenosis/occlusion of the brachiocephalic and 
subclavian arteries, and is found in 2–15% of patients with 
Type A dissection.75,76 Regardless of the presence or absence 
of clinical symptoms, upper limb ischemia, including the 
laterality of upper limb blood pressure (>20 mmHg), is 
found in approximately half of the cases.68

c. Other Pathological Conditions
i. Aortic Valve Regurgitation
Aortic valve regurgitation is exhibited when dissection is 
present in the ascending aorta, and approximately half of 
the dissection cases require surgery for the aortic valve.75 
When the dissection extends to the aortic valve annulus, 
the commissural region and annular ring are detached 
from the aortic wall and pushed medially and inferiorly, 
and regurgitation is caused as the valve leaflet droops in 
the left ventricle. In particular, the extension of dissection 
from the non-coronary cusp to the right coronary cusp 
results in the loss of support of the valve leaflet at the site, 
making it likely to droop. Its symptoms include chest pain 
followed by heart failure symptoms, such as respiratory 
discomfort.
ii. Acute Heart Failure
Aortic valve regurgitation, decreased coronary artery 
blood flow, and myocardial infarction often cause acute 
left heart failure, such as dyspnea. On the other hand, left 
heart failure symptoms may occur due to myocardial 
ischemia, existing dilatation dysfunction, and uncontrolled 
hypertension, even in Type B dissections.
iii.  Coagulation Abnormalities, Fever, and Respiratory 

Impairment
Disseminated intravascular coagulation (DIC) due to aortic 
dissection often results from massive hemorrhage due to 
rupture or formation of a massive thrombus in the false 
lumen in the acute phase. However, it may develop in the 
chronic phase or postoperatively due to prolonged abnormal 
blood coagulation. DIC due to aortic dissection shows 
pathological features of enhanced fibrinolysis. In addition, 
regardless of the presence or absence of rupture, the accu-
mulation of pleural effusion is relatively common, which 
may be serous or hemorrhagic. After the onset of acute 
aortic dissection, systemic inflammatory response syndrome 
(SIRS) may be induced by vascular inflammation or 
activation of the coagulation fibrinolytic system, and 
approximately 30% of the patients suffer from fever above 
38°C.77 Some cases show prolonged oxygenation disorders.
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2. Sample Blood Examinations

Aortic aneurysm and dissection are diagnosed primarily by 
imaging examination, in which blood tests play a small role. 
However, blood tests are useful for differentiating them 
from other serious diseases and for diagnosing malperfusion 
that complicates aortic dissection. Furthermore, patients 
with aortic diseases often have atherosclerotic risk factors, 
such as hypertension, dyslipidemia, diabetes, hyperuricemia, 
obesity, and smoking, and blood tests are also important 
for the risk management for atherosclerotic diseases that 
extends to other areas.

 ▋2.1 Aortic Aneurysm
Various biomarkers specific for diagnosing unruptured 
aortic aneurysm have been investigated, including fibrinogen, 
D-dimer, CRP, IL-6, and matrix metallopeptidase 9.78 
Among those, a high sensitivity CRP (hs-CRP) and D-dimer 
level have been reported to correlate with aneurysm 
diameter of AAA, and are useful for predicting the growth 
rate and rupture of an aneurysm.79–81

The rupture of aortic aneurysm may cause marked 
anemia and acidosis associated with shock, and a sharp 
decrease in hematocrit, in particular, strongly suggests 
aortic aneurysm rupture. In addition, elevated lactic acid 
and LDH levels suggest malperfusion in each organ.

Abnormal coagulation tends to be more common in 
larger aortic aneurysms, and DIC with enhanced fibrinolysis 
may also develop due to aortic aneurysm. Although a 
hemorrhagic tendency is not necessarily observed, tooth 
extraction or trauma may trigger chronic DIC that makes 
hemorrhagic control difficult.82–84 Thrombocytopenia in 
patients with DIC complicating aortic aneurysm is generally 
mild, and their prothrombin time and activated partial 
thromboplastin time are often in the normal range, while 
their fibrin degradation product (FDP) and D-dimer levels 
are elevated. Several patients with DIC with enhanced 
fibrinolysis have an elevated FDP/D-dimer ratio,85,86 which 
is useful for its differentiation (See PQ 2).

Patients with inflammatory aortic aneurysm have 
elevated inflammatory markers, including white blood cell 
count, CRP, and erythrocyte sedimentation. In recent 
years, inflammatory aortic aneurysm has been suggested to 
be associated with IgG4-related diseases, and patients with 
IgG4-related diseases often show elevated IgE and positive 
antinuclear antibody, in addition to a high IgG4 level.87 
Additionally, while inflammatory aortic aneurysm needs 
to be differentiated from infected aortic aneurysm, it is 
often difficult.

 ▋2.2 Aortic Dissection
Prognosis in the treatment of acute aortic dissection is 
determined by rapid diagnoses, including diagnostic 
imaging. Thus, various biomarkers have been investigated, 
but none has been found to be specific, like troponin in 
acute myocardial infarction. However, many patients with 
acute aortic dissection have an elevated D-dimer level, and 
it is useful for diagnosis by exclusion as it has a specificity 
of 46.6% and a high sensitivity of 96.6% at a cut-off value 
of 500 ng/mL.88–91 However, caution is needed since the 
D-dimer level may not be elevated in patients with aortic 
dissection with thrombosed false lumen or young 

patients.92,93

The guidelines in Europe and the United States recom-
mend a diagnostic algorithm that combines the aortic 
dissection detection risk score (ADD-RS) and D-dimer 
level, which is thought to increase the probability of pretest 
diagnosis.94–99 ADD-RS is a score derived from the patient 
background, symptoms, and physical findings, and patients 
with an ADD-RS of 0 or 1 and a D-dimer level of 
<500 ng/mL are diagnosed with acute aortic dissection by 
exclusion, allowing the omission of CT examination. On 
the other hand, CT examination is recommended for 
patients with ADD-RS of 2 or 3 without measuring their 
D-dimer levels. Further, a prospective study of 1,850 
patients reported that, of the 924 patients with an ADD-RS 
of 0 or 1 and a D-dimer level of <500 ng/mL, only 3 
patients (0.3%) had acute aortic dissection.99 On the other 
hand, acute aortic dissection may be hidden in patients 
with cerebral ischemia symptoms without complaints of 
chest or back pain; however, a high D-dimer level was 
reported to be useful for their differential diagnosis.100,101

In addition, the D-dimer level is expressed in μg/mL or 
ng/mL, depending on the measurement method; never-
theless, μg/mL is widely used in Japan. Also, the cut-off 
value needs to be confirmed at each facility as it differs 
depending on the test reagent.

In acute aortic dissection, elevated CPK, lactic acid, and 
LDH values, in addition to repeated abdominal pain, are 
the basis for suspecting malperfusion of the celiac and 
mesenteric arteries. Also, approximately 1/3rd of the 
patients are known to suffer from fever, which can be a risk 
factor that leads to delayed diagnoses.102 Furthermore, 
although its differentiation from bacterial infection is 
required in patients with fever, those without bacterial 
infection were reported to show no increase in the procal-
citonin levels.103

The occurrence of DIC is not uncommon in patients 
with acute aortic dissection.104 It is often due to massive 
hemorrhage caused by rupture or thrombosis formation in 
the false lumen. However, even without DIC, blood flow 
to the false lumen activates coagulation and secondarily 
enhances the fibrinolytic system in the acute phase, resulting 
in a decrease in the coagulation factors, fibrinogen, and 
platelets, which leads to exacerbation of the postoperative 
course and occurrence of complications.105,106 In addition, 
as with aortic aneurysm, DIC with enhanced fibrinolysis 
may occur in aortic dissection with patent false lumen in 
the chronic phase.107

PQ 2.
How Should Disseminated Intravascular Coagulation (DIC) 
Complicating Aortic Diseases Be Treated?

Recommendation
Invasive treatment is primarily considered for underlying 
aortic diseases. For DIC with enhanced fibrinolysis, it is 
desirable to use anticoagulation therapy in combination 
with an antifibrinolytic agent upon consultation with a 
DIC specialist.

The complication of aortic aneurysm with DIC has long 
been reported.108 Aneurysms with larger diameters are 
more likely to have abnormal coagulation, and the compli-
cation rate is said to be approximately 4%.81,83 In fact, 
tooth extraction or trauma may trigger chronic DIC that 
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makes hemorrhagic control difficult in aortic aneurysm 
and aortic dissection with patent false lumen in the chronic 
phase. However, there are no clear diagnosis/treatment 
guidelines at present, and it is often difficult to respond.

DIC is classified into three types: suppressed fibrinolysis, 
balanced fibrinolysis, and enhanced fibrinolysis. While 
sepsis is a typical disease that causes DIC with suppressed 
fibrinolysis, diseases that cause DIC with enhanced fibrino-
lysis include some malignant tumors (acute promyelocytic 
leukemia and prostate cancer) and aortic aneurysm.85 In 
aortic aneurysm and chronic aortic dissection, the formation 
and dissolution of parietal thrombosis inside the aneurysm 
or false lumen, as well as turbulent blood flow, are presumed 
to cause enhanced fibrinolysis; however, the details of this 
mechanism are yet to be elucidated.

In DIC with enhanced fibrinolysis associated with aortic 
aneurysm, thrombocytopenia may be mild with normal 
prothrombin time (PT) and activated partial thromboplastin 
time (APTT), and it may have been overlooked in several 
cases. Even in patients who have been diagnosed with aortic 
aneurysm, the values of these test items are in the normal 
range, and they do not show a hemorrhagic tendency. 
Thus, their conditions are not recognized as chronic DIC, 
and the manifestation of a hemorrhagic tendency is 
triggered by tooth extraction or trauma in some cases. In 
addition, patients who have not been diagnosed with aortic 
aneurysm may be misdiagnosed to have conditions, such 
as idiopathic thrombocytopenic purpura (ITP), and aortic 
aneurysm also needs to be differentiated in patients 
exhibiting thrombocytopenia of unknown cause.

As described above, thrombocytopenia of patients with 
DIC with enhanced fibrinolysis is mild, and even if their 
PT and APTT are in the normal range, other coagulation 
markers, such as fibrin degradation product (FDP) and 
D-dimer, show abnormal values. They exhibit a significant 
increase in the plasmin-α2 plasmin inhibitor (PI) complex 
(PIC), a decrease in α2PI and plasminogen, and an increase 
in the FDP and D-dimer levels. However, the test results 
of thrombin-antithrombin (TAT) complex, PIC, and α2PI 
are often not available immediately in the hospital, and an 
increase in the FDP/D-dimer ratio is useful in clinical 
practice.86 This is because fibrinogen degradation (primary 
fibrinolysis) becomes the main component due to the local 
enhancement of fibrinolysis, resulting in lesser production 
of D-dimer in comparison to FDP.

The principle of DIC treatment is replacement therapy 
and anticoagulation therapy, in addition to the treatment 
of the underlying diseases. However, at present, there is no 
established treatment for DIC with enhanced fibrinolysis 
complicating aortic aneurysm or chronic aortic dissection. 
Invasive treatment is considered for the underlying diseases, 
and supplementation with fresh frozen plasma is considered 
in patients with a hemorrhagic tendency and a decreased 
fibrinogen. The drugs used in anticoagulation therapy 
include unfractionated heparin and heparins (low-molecular-
weight heparin, fondaparinux, and danaparoid), nafamo-
stat, and recombinant thrombomodulin; however, no 
regimen, including the dosage, has been established for 
chronic DIC caused by aortic aneurysm. On the other hand, 
there is concern that anticoagulation therapy may promote 
hemorrhage in patients with extremely strong fibrinolytic 
activation.85,109

In addition, antifibrinolytic agents, such as tranexamic 
acid, may be used in patients with DIC with enhanced 
fibrinolysis. However, because antifibrinolytic therapy for 

DIC suppresses the biological defense reaction that attempts 
to dissolve microthrombosis by fibrinolytic activation, it 
rather promotes thrombosis formation. Thus, when used 
alone, antifibrinolytic agents may cause serious complica-
tions, such as organ damage and systemic thrombosis, and 
there have been reports of deaths.110 Therefore, the use of 
antifibrinolytic agents in combination with anticoagulation 
therapy is recommended.85 Also, the use of direct oral 
anticoagulant (DOAC) as an anticoagulation therapy 
was recently reported,111 and a further accumulation of 
knowledge is expected.

3. Diagnostic Imaging

 ▋3.1 Plain Radiography Images
Basically, aortic aneurysm and dissection in thoracic and 
abdominal regions are evaluated using radiographs of the 
front of the chest in a standing position (PA image) and the 
front of the abdomen in a supine position (AP image), 
respectively.

  ▋ 3.1.1 Aortic Aneurysm
TAA may be detected on plain radiographs, such as those 
taken during medical examinations. In the front view, it is 
often observed as a shadow that continuously protrudes to 
the right on the contour of the ascending aorta (Figure 19A). 
In arch aneurysm, a mass-like shadow is seen on the left 
first arch (Figure 19B), and it protrudes inferiorly in some 
cases. In the descending aorta, it is seen as a continuous 
fusiform-shaped or circular shadow on the contour of the 
aorta (Figure 19C). Although the significance of plain 
radiography is not high in the treatment of AAA, calcifica-
tion of the aneurysm wall is occasionally observed, leading 
to the identification of the presence of an aneurysm 
(Figure 19D).

  ▋ 3.1.2 Aortic Dissection
In acute aortic dissection, an enlarged mediastinal shadow 
is observed in some cases; however, its diagnostic signifi-
cance is controversial as the normal mediastinum may 
appear enlarged in the supine position. The medial deviation 
of intimal calcification of the aortic wall is a finding 
suggestive of dissection, which is highly reliable, especially 
if it shows a change compared to the photograph taken 
before the onset. The distance between the outer edge of 
the aortic wall and intimal calcification is usually 2–3 mm, 
and the presence of a dissection is suspected if it is 6 mm or 
greater.112 However, caution is required as approximately 
20% of the patients show no abnormal findings on plain 
radiographs despite the presence of a dissection.113 There-
fore, if its presence is suspected from clinical symptoms, 
other imaging examinations, including CT and MR 
examinations, should be actively performed, even without 
abnormal findings, such as an enlarged mediastinum. Also, 
secondary findings, such as pleural effusion and heart 
failure complicating dissection, can be evaluated on plain 
radiographs.

 ▋3.2 CT Examination
  ▋ 3.2.1 Methods

Unenhanced and early-phase contrast-enhanced imaging is 
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Figure 19.  Front view of aortic aneurysm in 
a standing/supine position on plain radiograph. 
(A) A shadow protruding to the right continu-
ously on the contour of the ascending aorta 
(PA image). (B) The left first arch protrudes 
to the left, suggesting aortic arch aneurysm 
(PA image). (C) In the descending aorta, an 
aneurysm is seen as a continuous fusiform-
shaped or circular shadow on the contour of 
the aorta (PA image). (D) Calcification of the 
aneurysm wall may be seen in the abdomen, 
leading to the identification of presence of an 
aneurysm (AP image).
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Figure 20.  Early-phase contrast-enhanced 
CT images of aortic dissection. (A) Contrast-
enhanced CT, transected image. (B) 
Contrast-enhanced CT, volume rendering 
(VR) image. (C) Contrast-enhanced CT, 
multi-planar image (MPR) image.
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essential, and the delayed-phase contrast-enhanced imaging 
is added as needed. Unenhanced CT examination is useful 
for the identification of hematoma in the false lumen of 
aortic dissection with thrombosed false lumen and the 
evaluation of a high concentration area in the parietal 
thrombosis suspected of impending rupture of an aneurysm, 
in addition to examining the degree of wall calcification 
and the presence or absence of medial deviation.114

In contrast-enhanced CT examination, clear early-phase 
contrast-enhanced images of the entire aorta are generally 
taken while injecting a nonionic contrast medium with a 
power injector at an injection rate of approximately 3 mL/s 
using a helical CT (Figure 20A). Multidetector row CT 
(MDCT), which is a helical CT with multiple rows of 
detectors, is highly useful for diagnosing aortic aneurysm 
and dissection as it can take a wide range of high-definition 
images with a short breath-holding time. With the obtained 
high-resolution data, stereoscopic images (Figure 20B) and 
tomographic images from various directions (Figure 20C) 
can be reconstructed using volume rendering (VR) and 
multi-planar reconstruction (MPR), allowing for precise 
diagnosis.

  ▋ 3.2.2 CT images of Aortic Aneurysms
In addition to diagnosing the presence of an aortic aneu-
rysm, CT images provide a wide range of information, 
including the size and range of extension, calcification, and 
other conditions of the aneurysm wall (such as inflamma-
tory aortic aneurysm), the amount and condition of parietal 
thrombosis, and positional relationship of an aneurysm 
with the surrounding organs and major branches. In 
fusiform type aneurysms, the aneurysm diameter is an 
important factor in determining surgical indication. 
Generally, TAA with a diameter of 55–60 mm or larger 
and AAA with a diameter 50–55 mm or larger are indicated 
for invasive treatment,96 and their measurements require 
accuracy and objectivity.

a. Measurement of Aneurysm Diameter
i. Center Line Method
It is recommended that the aneurysm diameter be measured 
in a cross-section perpendicular to the center line of the 
aorta using a three-dimensional CT image reconstructed 
by MPR and curved planar reconstruction (CPR) 
(Figure 21). This allows the measurement of the diameter 
of craniocaudally extending or tortuously curved aortic 
aneurysm with high accuracy and reproducibility compared 
with the measurement in transected images.115–117

ii. Method Using the Maximum Minor Axis
In principle, the maximum minor axis is measured if three-
dimensional reconstructed CT images are not available.118 
The minor axis of the aneurysm is measured with a few 
slices, and the largest diameter is regarded as the maximum 
minor axis, which has excellent objectivity. However, if 
the aorta meanders or runs diagonally, there is a risk of 
overestimation or underestimation of the aneurysm 
diameter (Figure 21).

b. Thoracic Aortic Aneurysm
i. Ascending Aortic Aneurysm
In the ascending aorta, the evaluation of an aneurysm is 
hindered by stepwise motion artifacts associated with the 
heartbeat; however, this problem does not occur with 
electrocardiogram gated imaging. It is recommended to be 
used for the evaluation of Valsalva sinus aneurysm and 
annuloaortic ectasia (Figure 22).
ii. Aortic Arch Aneurysm
In the invasive treatment of aortic arch aneurysms (open 
surgery and TEVAR), reconstruction of arch branches 
needs to be considered, and the range of extension of an 
aneurysm must be evaluated accurately. Three-dimensional 
images allow for observation from any direction. Thus, the 
morphology and spread of an aortic aneurysm can be 
grasped three-dimensionally, and the positional relationship 
between the aneurysm and arch branches can be evaluated. 

A B C

D E

66.4 mm

54.8 mm 55.8 mm

Figure 21.  Measurement of the size of the 
aortic aneurysm. (A) VR (volume rendering) 
image. (B) CPR (curved planar reconstruction) 
image. (C) Stretched CPR image. (D) 
Measurements on a transected image (axial 
image). In transected images, the measure-
ment of the maximum major axis (dotted line: 
66.4 mm) leads to overestimation, while the 
measurement of the maximum minor axis 
(arrow: 54.8 mm) leads to underestimation. 
(E) Measurement on a vertical cross-sectional 
image with respect to the center line of the 
aorta (perpendicular image). The size of an 
aneurysm can be evaluated most accurately 
by the measurement on a vertical cross-
sectional image perpendicular to the center 
line or axis of the aorta (55.8 mm).
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In addition to transected images, MPR images are useful 
for measuring the aneurysm diameter (Figure 23).
iii. Descending Aortic Aneurysm
For descending aortic aneurysm, the size, the presence or 
absence of parietal thrombosis, vertical extension, and its 
relationship with surrounding organs are evaluated. 
However, the extension of a proximal descending aortic 
aneurysm to the proximal side requires attention since its 
positional relationship with the arch branches poses a 
problem.
iv. Thoracoabdominal Aortic Aneurysm
The reconstruction of major abdominal branches may be 
required, and the positional relationship between the lower 
end of the aneurysm and these branches is clarified. Spinal 
cord ischemia is a complication of invasive treatment for 
TAAA or distal descending aortic aneurysm, and it is 
contributed by occlusion of the Adamkiewicz artery. The 
Adamkiewicz artery branches from the intercostal or 
lumbar artery of Th9-L2 at a frequency of 85–90%, which 
can be visualized non-invasively using MDCT.119

c. Abdominal Aortic Aneurysm
In addition to the diagnosis of its presence, the diameter of 
abdominal aortic aneurysm can be evaluated accurately, 
and calcification and surrounding condition of the aneu-
rysm wall, amount and condition of parietal thrombosis, 
and the condition of surrounding organs is evaluated. It is 
important to understand the relationship between the 
aneurysm and the renal and iliac arteries, for which three-
dimensional images are useful. In addition to the above, 
necessary information, such as the patency of the inferior 
mesenteric and internal iliac arteries, can be obtained.120–122

d. Special Aortic Aneurysms
i. Inflammatory Aortic Aneurysm
Inflammatory aortic aneurysm exhibits marked thickening 
of the aneurysm wall and inflammatory cell infiltrate of 
the adventitia, often with lymph follicles, in addition to 
aneurysmal dilatation in the aorta, and is characterized by 
fibrous thickening around the aneurysm and fibrous 
adhesions to the surrounding tissues. It often develops in 
the abdominal aorta and occurs in 3–10% of AAA.123 Its 

Figure 22.  Aortic root dilatation (Annuloaortic ectasia. Electro-
cardiogram gated contrast-enhanced CT, MPR image).

Figure 23.  Aortic arch aneurysm (Contrast-enhanced CT, 
MPR image).

Unenhanced CT Early-phase
contrast-enhanced CT

Delayed-phase
contrast-enhanced CT

Figure 24.  Inflammatory aortic aneurysm. A soft tissue shadow is observed anteriorly, covering the abdominal aortic aneurysm, 
and the area is faintly and deeply stained on the delayed-phase contrast-enhanced image (↑).
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unenhanced CT examination shows a thick soft-tissue 
shadow from the anterior to anterolateral direction around 
the aneurysm, which is deeply stained in the delayed-phase 
contrast-enhanced CT124 (Figure 24). Several inflammatory 
aortic aneurysms are of the fusiform type, and approxi-
mately 1/3rd of the patients have complications, such as 
hydronephrosis, adhesion to the intestinal tract, and fistula 
formation.
ii. Mycotic Aortic Aneurysm
Infected aortic aneurysm is caused by infection, and gram-
positive coccus (mainly Staphylococcus bacteria) and 
gram-negative bacillus (mainly Salmonella) are the causative 
bacteria in many cases. The characteristics of its CT images 
include the formation of a localized saccular type aneurysm, 
accumulation of fluids, such as edema and abscess forma-
tion due to inflammation around the aneurysm, and rapid 
expansion in a short period of time125 (Figure 25).
iii. Traumatic Aortic Aneurysm
Traumatic aortic aneurysm is caused by blunt trauma and 
often occurs in the aortic isthmus, which is the junction 
between the arch and the descending aorta. A thin-walled 
saccular type aortic aneurysm develops in the aortic isthmus, 
and hematoma often occurs in its surroundings (Figure 26). 
If complicated by aortic dissection or intramural hematoma, 

traumatic aortic aneurysm presents with findings similar to 
those of acute aortic dissection; however, its range is often 
localized.
iv. Aorto-Enteric Fistula
Aortic gastrointestinal fistula is a pathological condition in 
which a fistula is formed in the aorta and digestive tract. In 
the thoracic aorta, it occurs predominantly in the descending 
aorta (78%), followed by the arch (16%) and thoracoab-
dominal aorta (6%).126–129 In the abdominal aorta, it occurs 
commonly in the duodenum, especially the horizontal 
limb. It is found in aortic aneurysms with hematemesis or 
melena, and its CT examination shows air patterns inside 
and outside the aortic wall and leakage of the contrast 
medium into the intestinal tract130 (Figure 27).
v. Aortic Aneurysm-Inferior Vena Caval Fistula
Aortic aneurysm-inferior vena caval fistula is a pathological 
condition in which an aortic or iliac artery aneurysm 
ruptures/perforates into the inferior vena cava. It may 
perforate into the iliac vein. Its features include comparable 
absorption values in the inferior vena cava and the aorta 
in the early-phase contrast-enhanced imaging, dilatation of 
the inferior vena cava, and fistula formation between the 
artery and vein.

Contrast-enhanced CT
(initial examination)

After 3 days After 5 days

Figure 25.  Mycotic aortic aneurysm. An irregularly shaped saccular aortic aneurysm (↑) rapidly expanded in a short period of 
time. Accumulation of encapsulated fluid, which appears to be an abscess, is observed in the vicinity (▲).

Contrast-enhanced CT,
axial image

Contrast-enhanced CT,
MPR image

Figure 26.  Traumatic aortic aneurysm. Saccular type aortic 
aneurysm is observed in the thoracic descending aorta, 
suggesting traumatic aortic aneurysm (↑).

Contrast-enhanced CT, 
axial image

Figure 27.  Aorto-enteric fistula. An abdominal aortic aneurysm 
perforates into the duodenal mucosal layer, forming submucosal 
hematoma (↑).
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e. Evaluation Before and After Stent-Graft Deployment
CT examination is the most useful for the indication of 
TEVAR/EVAR and deployment plans. Although the 
instructions for use (IFU) differ depending on the type of 
stent graft, the following should be evaluated before 
surgery: (1) location of the aneurysm as well as central and 
peripheral aortic diameters and properties (presence or 
absence and degree of curvature/tortuousness, calcification, 
and parietal thrombosis), (2) positional relationship and 
distance between the aneurysm and major branches 
(distance to the arch branches in TAA and distance to the 
lower renal artery in AAA), and (3) blood vessel diameter 
and properties of the iliac artery-common femoral artery, 
which is the access route (presence or absence and degree 

of curvature/tortuousness, calcification, and parietal 
thrombosis).

On the other hand, the change in aneurysm diameter, 
endoleak, patency, migration, and breakage are evaluated 
after TEVAR/EVAR. Evaluation of endoleak, including 
its delayed-phase contrast-enhanced CT, is recommended 
to differentiate type II endoleaks (regurgitation from the 
aortic branches) (Figure 28). Differentiation of the types of 
endoleak is important for determining the subsequent 
treatment strategy; however, it is often difficult.

f. CT images of Rupture/Impending Rupture
When rupture of an aortic aneurysm is suspected, CT 
examination is useful if sufficient time is allowed based on 

Early-phase
contrast-enhanced CT

Delayed-phase
contrast-enhanced CT

Contrast-enhanced CT, VR image

Figure 28.  Type II endoleak after TEVAR/
EVAR. Retrograde blood flow from the superior 
mesenteric artery to the inferior mesenteric 
artery via the Riolan artery arch (type II 
endoleak).

A: Unenhanced CT B: Early-phase 
contrast-enhanced CT

C: Delayed-phase 
contrast-enhanced CT

Figure 29.  Frank (open) rupture of aortic aneurysm. (A) Hematoma spreads to the left of an aortic aneurysm (▲). (B,C) Continuous 
extravasation of contrast medium from the left posterior wall of an aortic aneurysm is observed (↑).
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the patient’s condition. It not only makes a definitive 
diagnosis of the presence and rupture of an aneurysm but 
also clarifies the extent of hematoma and the relationship 
with the surrounding organs. Ruptures and impending 
ruptures can be classified into frank (open) rupture, in 
which the arterial wall is completely ruptured, contained 
(sealed) rupture, in which the arterial wall is completely 
disrupted, but is contained by hematoma and surrounding 
organs, and impending rupture, in which the aneurysm is 
at risk of rupture, but has not ruptured. In frank rupture, 
hematoma spreads into the mediastinum, thoracic cavity, 
and heart chamber in TAA and into retroperitoneal space 
and abdominal cavity in AAA (Figure 29). However, 
caution is needed as hematoma may not be observed if the 
esophagus, bronchi, intestinal tract, or inferior vena cava 
is perforated. In addition, the site of rupture may be iden-
tified as extravasation of the contrast medium (Figure 29).

“Draped aorta sign” is the finding that the posterior wall 
of the aorta is obscured due to hematoma around the 
aneurysm while the aneurysm agglomerated with hematoma 
covers the vertebral body, and it is suggestive of a contained 
rupture131 (Figure 30). In such a case, the shape of the 
aneurysm is irregular, and erosion is often seen in the 
vertebral body in contact with the aneurysm because an 
inflammatory reaction occurs at the edge of the aneurysm. 
In addition, the high absorption area found around AAA 
on unenhanced CT images is called the “high-attenuating 
crescent (HAC) sign,” and it is frequently found during 
rupture or impending rupture114 (Figure 31). It is believed 
to indicate acute hematoma within the aneurysm wall or 
parietal thrombosis, and although its positive predictive 
value is not high at 53%, it is a notable finding when 
clinically impending rupture is suspected due to abdominal 
pain. In terms of the aneurysm diameter, the average 
enlargement rate of AAA is approximately 2.8 mm/year,115 
and rapid enlargement of 5 mm or greater within a period of 
6 months or a sudden morphological change on follow-up 
CT examinations is considered to be a sign of the risk of 
rupture.132

PQ 3.
How Should the Size of an Aortic Aneurysm Be Measured?

Recommendation
The diameter of an aortic aneurysm is determined by 
measuring its major and minor axes in a cross-sectional 
image perpendicular to the long axis of the aorta.

Background: The use of the maximum minor axis in an 
axial cross-sectional CT image has been recommended for 
the measurement of the aortic aneurysm diameter. This is 
because the major axis does not reflect the aneurysm 
diameter in the axial cross-sectional image of the tortuous 
site. However, aortic aneurysms do not always dilatate into 
a perfect circle. Eccentric dilatation is a common finding not 
only in saccular type aortic aneurysms, but also in fusiform 
type aortic aneurysms, and eccentric dilatation on the 
false lumen side is often seen, especially in chronic aortic 
dissection. In the distal arch and tortuous areas on the 
diaphragm, craniocaudal eccentric dilatation cannot be 
evaluated in axial cross-sectional images. Thus, evaluation 
of the maximum minor axis alone in axial cross-sectional 
images may lead to oversight of saccular type aneurysms 
and underestimation of the risk of rupture.

Summary of Systematic Reviews: The methods for evaluating 
the maximum diameter in CT imaging have been examined 
for AAA, and those for TAA have not been investigated. 
The diameter of AAA can be accurately determined by 
echographic examination that can create arbitrary cross-
sectional images. When it is difficult to create an accurate 
cross-sectional image perpendicular to the long axis of the 
aorta, the use of the anterior-posterior diameter leads to 
less variation.133 Also, it has been pointed out that the 
evaluation of the maximum minor axis of AAA in axial 
cross-sectional CT images may underestimate the diameter 
of aneurysms with eccentric enlargement,116 and it is 
underestimated compared to the evaluation using the 
anterior-posterior diameter in axial cross-sectional images. 
In addition, in the evaluation of cross-sectional images 
perpendicular to the long axis of the aorta, an automated 
analysis using the center line method leads to lesser variation 
than the manual image construction using multi-planar 
reconstruction (MPR).134

Other Factors to Be Considered: Software that edits DICOM 
images of CT examination and constructs arbitrary MPR 
images by the center line method is widely used in medical 

Figure 30.  Draped aorta sign of aortic aneurysm (contrast-
enhanced CT). An irregularly shaped aortic aneurysm is present, 
covering the vertebral body. Erosion is observed in the vertebral 
body in contact with the aneurysm (↑).

Figure 31.  High-attenuating crescent sign (HAC sign) of 
abdominal aortic aneurysm. The unenhanced CT image 
shows a crescent-shaped high absorption area on the margin 
of an aortic aneurysm, suggesting a high-attenuating crescent 
sign (↑).
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facilities in Japan; however, its adoption at the clinic level 
is insufficient. It is considered difficult for primary 
physicians at clinics, who regularly follow up patients, to 
reconstruct the images that were not reconstructed at the 
facility where images, such as CT, were taken. The criteria 
for treatment intervention for eccentrically enlarged aortic 
aneurysms have not been established.
Discussion in the Guidelines Committee: At the facility 
where the diagnostic imaging of CT/MRI examination is 
requested, it is desirable to construct at least MPR images 
of tortuous sites, such as the distal part of the aortic arch 
and epiphrenic region, to prevent oversight of saccular 
type aneurysms and accurately identify eccentric dilatation. 
In facilities without such equipment, the maximum minor 
axis in axial cross-sectional images is used as an index; 
however, caution is needed not to overlook the craniocaudal 
dilatation from the number and width of slices in which the 
aneurysm is visualized. Estimating the rupture risk of an 
eccentrically dilatated aortic aneurysm from the minor axis 
alone is thought to lead to its underestimation. Further 
accumulation of evidence is awaited to determine whether 
the intervention criteria should be the major axis or the 
average diameter.
Summary: The diameter of an aortic aneurysm is 
determined by measuring its major and minor axes in a 
cross-sectional image perpendicular to the long axis of the 
aorta. In areas where ultrasound measurement is possible, 
such as the abdominal aorta, it is important to create an 
accurate cross-sectional image perpendicular to the long 
axis of the aorta at the time of measurement. If it is difficult, 
the anterior-posterior diameter is used as an index in 
abdominal echography. In CT and MRI examinations, 
craniocaudal enlargement at tortuous sites of the aorta is 
evaluated using MPR images created at the facilities that 
perform the examinations. In facilities without such 
equipment, the maximum minor axis is used as an index; 
however, caution is needed not to overlook the craniocaudal 
dilatation from the number and width of slices in which the 
aneurysm is visualized.

  ▋ 3.2.3 CT images of Aortic Dissection
CT examination is essential for diagnosing aortic dissection 
because of its high reliability, non-invasiveness, ability to 
evaluate the entire aorta, and ability to examine in a short 

time in response to an emergency. Aortic dissections are 
classified according to (1) range of extension (Stanford and 
DeBakey Classifications), (2) blood flow status of the false 
lumen (dissections with patent false lumen, ULP type 
dissections, and dissections with thrombosed false lumen), 
and (3) disease stage (acute, subacute, and chronic phases), 
and the type and condition of the disease are expressed by 
incorporating these three elements. In CT examination, it 
is important to diagnose complications (such as rupture, 
cardiac tamponade, and malperfusion), in addition to the 
classification of disease types in existence diagnosis (range 
of extension, blood flow status of the false lumen, and 
identification of entry/re-entry).

Basically, aortic dissections are imaged with unenhanced 
CT and early-phase and delayed-phase contrast-enhanced 
CT. It has recently become possible to image the entire 
aorta with a short breath-holding time by MDCT, and it 
is necessary to understand the performance of equipment 
at each facility before performing CT examination. Aortic 
dissection can be sufficiently diagnosed on transected 
images; however, multi-planar reconstruction (MPR) 
images are useful for understanding the extension of the 
false lumen and ULP in the craniocaudal direction and 
into the aortic branches. Since unenhanced CT examination 
can also evaluate calcification and hematoma, the luminal 
deviation of aortic intimal calcification is an important 
point in diagnosing aortic dissection (Figure 32). In the 
acute phase of aortic dissection with thrombosed false 
lumen, the false lumen filled with crassamentum or hema-
toma extends over a wide area along the aortic wall in the 
longitudinal direction, and it is observed as a crescent-
shaped highly-concentrated area.135 The early-phase 
contrast-enhanced imaging captures the entire aorta during 
the first pass of the contrast medium. It can demonstrate 
the presence of contrast-enhanced two-cavity structure in 
dissections with patent false lumen, non-contrast-enhanced 
false lumen in dissections with thrombosed false lumen, 
and ULP in ULP type dissections, allowing for diagnosis 
confirmation.

a. Aortic Dissection With Patent False Lumen
True and false lumina of aortic dissection with patent 
false lumen (Figure 33) are distinguished according to the 
following criteria:
-  The false lumen is enlarged, while the true lumen is often 

narrowed
-  The true lumen exhibits wall calcification (Exception: In 

chronic dissection, calcification may occur on the wall of 
the false lumen)

-  The false lumen exhibits parietal thrombosis (Exception: 
In true aortic aneurysm complicated with dissection, 
parietal thrombosis may be present in the true lumen)

-  The true lumen is contrast-enhanced first in the dynamic 
study, while the false lumen is contrast-enhanced with a 
delay

-  The false lumen exhibits the aortic cobweb (an incom-
pletely detached cord-like structure, which is part of the 
media)136 (Figure 34)
In addition, if the blood flow of the false lumen is 

significantly delayed, the false lumen may not be contrast-
enhanced in early-phase contrast-enhanced images, and 
the influx of contrast medium may be observed in the 
delayed-phase. Thus, it is necessary to image up to the 
delayed phase (Figure 33).

The entry is observed as a tear of the intimal flap on 

Figure 32.  Image of aortic dissection and deviation of the 
calcified intima. The contrast-enhanced CT image shows 
inward deviation of the calcification of the aortic intima due to 
dissection (↑).
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Figure 33.  Aortic dissection with patent false 
lumen. (A) Typical aortic dissection with patent 
false lumen with blood flow throughout the 
false lumen on an early-phase contrast-
enhanced image. (B–E) A part of the false 
lumen is not contrast-enhanced in early-phase 
contrast-enhanced imaging, and is contrast-
enhanced with a delay in delayed-phase 
contrast-enhanced imaging.

T

F
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Figure 34.  Aortic cobweb (contrast-enhanced CT). A cord-like 
structure is observed in the false lumen, suggesting the 
presence of aortic cobweb (↑).

Contrast-enhanced CT, 
axial image

Contrast-enhanced CT, 
VR image

Figure 35.  Images of aortic dissection and intimal defect of 
the entry. A defect in the aortic intima is present (↑).

Contrast-enhanced CT, 
transected image

Contrast-enhanced CT, 
sagittal image

Contrast-enhanced CT, 
coronal image

Figure 36.  Images of aortic dissection and intimal defect of the entry (MPR image).
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images (Figure 35). In the ascending aorta, the intimal flap 
is perpendicular to the imaging surface, making it easier to 
capture the entry, and it was reported to be identified by 
CT in 93% of the cases.137 On the other hand, in the arch 
aorta, the imaging surface is parallel to the intimal flap, 
making it difficult to be identified, and evaluation using 
MPR images is useful (Figure 36). For the closure of the 
entry by TEVAR, the position of the entry needs to be 
accurately identified; however, the identification of the 
entry is difficult using CT with a thickness of 5 mm. The 
entry can often be identified by carefully interpreting the 
images taken with a thin slice thickness of 1 mm or less. In 
addition, electrocardiogram gated imaging is effective for 
acute aortic dissections with vigorous flap movement in the 
ascending aorta.

b. Aortic Dissection With Thrombosed False Lumen
In unenhanced CT images of aortic dissection with throm-

bosed false lumen, the false lumen filled with crassamentum 
or hematoma is seen as a continuous crescent-shaped or 
ring-shaped highly-concentrated area in the longitudinal 
direction of the aorta (Figure 37). As this cannot be easily 
seen in contrast-enhanced CT images, unenhanced CT 
examination is necessary. In addition, this finding is similar 
to the high-attenuating crescent sign found in rupture/
impending rupture of aortic aneurysm (See Figure 31). 
However, as a differentiation point, while rupture/impending 
rupture exhibits a highly-concentrated area in localized 
sites on images, dissection often exhibits a relatively 
extensive lesion continuous in the longitudinal direction of 
the aorta. In contrast-enhanced CT images, the interior of 
the false lumen with thrombosis occlusion shows no 
contrast-enhancement until the delayed phase. Although 
differentiation between occluded false lumen and parietal 
thrombosis of the aorta is a problem, the luminal surface 
in dissection is often regular, while that of the parietal 
thrombosis, which is an atherosclerotic change, is irregular, 
allowing for their differentiation.

c. ULP Type Aortic Dissection
In contrast-enhanced CT images, ULP is observed as an 
ulcerative lesion into the false lumen (Figure 38). Multiple 
ULP type dissections may be present, and it may occur 
during follow-up. Also, some may enlarge over time and 
change to aortic dissection with patent false lumen or may 
cause rupture. It requires careful follow-up, especially if it 
is found in the ascending aorta, immediately after the 
branch of the left subclavian artery, or in the descending 
aorta near the diaphragm.138

In the recent years, the small contrast-enhanced area in 
the thrombosed false lumen that has continuity with 
branch blood vessels (such as the intercostal, bronchial, 
and lumbar arteries), despite unclear continuity with the 
aortic lumen, has been treated as an intramural blood pool 
(IBP) in some cases, differentiating it from ULP.139 Imaging 
findings of IBP are similar to those of ULP; however, ULP 
is an unstable condition, whereas IBP less than 15 mm 
regresses spontaneously with a favorable prognosis.139 The 
imaging features of IBP include its appearance as an insular 
contrast-enhanced area in the thrombosis within the false 
lumen, its isolated formation on the adventitial side of the 

A: Unenhanced CT, 
transected image

B: Unenhanced 
CT, MPR image

Figure 37.  Acute aortic dissection with thrombosed false 
lumen. (A) A crescent-shaped high absorption area (↑) is 
observed on the aortic margin, suggesting acute aortic 
dissection with thrombosed false lumen. (B) High absorption 
area is continuous craniocaudally (▲).

A: Day of onset B: 12 days after onset C: 38 days after onset

Figure 38.  ULP (ulcer-like projection) type aortic dissection. (A) An ulcer-like projection protruding into the occluded false lumen 
is observed, suggesting ULP (↑). (B,C) The ULP extends over time and eventually transitions to aortic dissection with patent false 
lumen.
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false lumen, and its continuity with branch blood vessels 
(Figure 39). However, a strict distinction between ULP 
and IBP cannot be made in some cases due to the spatial 
resolution of CT images.

d. Diagnosis of Complications
Several complications (sequelae) of aortic dissection are 
serious, including rupture, cardiac tamponade, and 
malperfusion of organs and limbs. Although hemorrhagic 
pericardial effusion shows high absorption on unenhanced 
CT images, caution is needed as high absorption may not 
be observed if the amount is small. In addition, the evalu-
ation of the aortic root and the ascending aorta by CT 
examination may be difficult due to motion artifacts by 
heartbeat. However, the dissection flap, entry, and ULP 
can be identified by taking electrocardiogram gated images, 
and the range of extension of dissection can be accurately 
evaluated (Figure 40). The extension of dissection into the 
carotid, coronary, and superior mesenteric arteries likely 
causes serious complications, such as cerebral infarction, 
myocardial infarction, and intestinal ischemia, which 
require an urgent response. Malperfusion is caused by two 
mechanisms: stenosis/occlusion due to the extension of 
dissection into the branch itself (static obstruction) and 
exclusion/occlusion of the true lumen due to increased 
pressure in the false lumen without the extension of 
dissection into the branch itself (dynamic obstruction)140 
(Figure 41).

e. Atypical Aortic Dissection
Atypical forms of dissection include three-channeled 
dissection, localized abdominal dissection, and complication 
of aortic aneurysm and dissection. Also, relatively rare 
conditions that complicate special diseases include dissec-
tion secondary to coarctation of the aorta and dissection 
complicating pregnancy. Three-channeled dissection and 
the complications of aortic aneurysm and dissection are 
described below.
i. Three-Channeled Dissection
Three-channeled dissection is a special form of aortic 
dissection with patent false lumen, which presents three 

lumina as a result of the re-dissection of chronic dissection 
(Figure 42). It often complicates Marfan syndrome and 
occurs in the descending aorta after prosthetic graft 
replacement of the ascending-arch aorta. Many of the 
second false lumina in three-channeled dissection are devoid 
of re-entry, dead-ended, and confined to the descending 
aorta. However, if it has a re-entry, the dissection tends to 
extend over a wide area from the descending aorta to the 
abdominal aorta.
ii. Complication of Aortic Aneurysm and Dissection
It is a complication of an existing atherosclerotic aortic 
aneurysm by aortic dissection. Conventionally, athero-
sclerosis was not considered as a direct cause of dissection, 
and the relationship between aneurysm and dissection was 
not investigated. However, such a complication is not rare, 

Figure 39.  Intramural blood pool in ULP (ulcer-like projection) 
type aortic dissection (contrast-enhanced CT). A small insular 
contrast-enhanced area with unclear continuity with the true 
lumen is observed on the lateral side of the thrombosed false 
lumen (↑). It is continuous with the intercostal artery (▲), 
suggesting intramural blood pool (IBP).

Non-electrocardiogram
gated image

Electrocardiogram
gated image

Figure 40.  Reduction of artifacts in aortic dissection by 
electrocardiogram gated imaging. The ULP (↑) and small 
dissection lumen (▲) of the ascending aorta, which are 
unclear in non-electrocardiogram gated imaging, are clearly 
visualized in electrocardiogram gated imaging.
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A: Static obstruction B: Dynamic obstruction

Figure 41.  Mechanism of organ ischemia due to aortic 
dissection (contrast-enhanced CT). (A) Dissection has spread 
to the superior mesenteric artery, resulting in the narrowing of 
the true lumen of the superior mesenteric artery (↑). F: False 
lumen, T: True lumen. (B) The true lumen is highly excluded 
by the false lumen, resulting in reduced blood flow in the 
superior mesenteric artery branching from the true lumen (↑).
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according to recent reports.141,142 The relationship between 
an existing aneurysm and newly developed dissection varies, 
and while some dissections originate from the aneurysm, 
others stop their extension at the site of the aneurysm. 
Although extremely rare, the dissection may extend in the 
longitudinal direction beyond the aortic aneurysm.

 ▋3.3 MRI Examination
  ▋ 3.3.1 Indications

For several aortic diseases, the accuracy of MRA exami-
nation is comparable to that of CTA examination.143,144 
The advantage of MRI examination is that it can obtain 
qualitative information that cannot be collected by other 
modalities, such as the evaluation of vascular wall/
thrombosis using black-blood MRI, dynamic evaluation 
of aortic valve and intimal flap using cine MRI, and flow 
dynamics analysis using phase contrast MRI, in addition 
to the absence of X-ray exposure. On the other hand, MRI 
examination is not suitable for the acute phase, during 
which the general condition is unstable, due to the long 
imaging time, difficulty in monitoring the general condition, 
and difficulty in emergency response.144 In addition, the 
situations where MRA examination is performed are 
limited, since contrast-enhanced CT is performed in many 
cases for diagnostic imaging of aortic diseases in the acute 
phase.

Examinations of aortic diseases for which MRI is indi-
cated are as follows:
-  Follow-up of aortic diseases in women capable of preg-

nancy and children
- Screening for patients at genetic risk of aortic diseases145

-  Non-contrast-enhanced MRA in patients with severe 
renal dysfunction and asthma

- Evaluation of endoleak after TEVAR/EVAR
-  Qualitative diagnosis and inflammation evaluation of the 

vascular wall
-  Dynamic evaluation of valve diseases and intimal flap 

complicating aortic diseases
-  Evaluation of abnormal blood flow induced by aortic 

diseases
On the other hand, cases and examinations for which 

MRI is not indicated include the following:
-  Cases with a poor general condition, requiring careful 

monitoring
- Claustrophobia
-  Evaluation of TEVAR/EVAR and its vicinity where a 

high degree of artifacts is expected on CT images
-  Patients who have a device contraindicated for MRI in 

the body (Devices are classified into different types, such 
as those that are compatible to MRI examination and 
those that can be imaged depending on the condition.147 
Although these need to be confirmed by the package 
insert, they can also be verified online using the “MR 
compatibility search system for medical devices” 
[MEDIE Co. Ltd.])
In addition, when performing MRA examination as an 

alternative to CTA examination or when comparing CTA 
and MRA images, attention must be paid to the following:
-  MRA shows poor contrast of wall structure and soft 

tissue structure around the wall, while it shows high 
contrast of the lumen148

- MRA cannot visualize calcified lesions
-  The spatial resolution of MRA is approximately 1–2 mm, 

which is inferior to that of CT
- MRI-specific artifacts149

  ▋ 3.3.2 Imaging
a. Contrast-Enhanced MRA Examination
Dynamic MRA imaging is performed while intravenously 
injecting a gadolinium contrast medium.150 In recent years, 
time-resolved MRA imaging, which captures serial multi-
phase contrast-enhanced MRA with a time resolution of 
approximately 2–10 s, has become the mainstream due to 
the improvements in imaging technology.151 It has become 
possible to visualize the flow dynamics from the true to the 
false lumen of aortic dissection and the gentle flow of 
endoleak after TEVAR/EVAR, and its visualization ability 
is said to be superior to that of CTA.152

b. Non-Contrast-Enhanced MRA Examination
Mainly, there are two imaging methods of non-contrast-
enhanced MRA.150 One method, called fresh blood imaging, 
uses electrocardiography and visualizes the arterial blood 
by utilizing the difference in the signals of arterial blood 
flow between systole and diastole.153 However, it is not 
suitable for the visualization of blood flow with slow velocity. 
The other method, which is identical to the one used in 
coronary artery MRA, is based on steady-state free preces-
sion (SSFP) sequencing that can acquire images at high 
speed while maintaining the blood structure at a high 
signal.154 However, it may have difficulty in distinguishing 
between thrombosis and lumen due to specific artifacts or 
similarity between thrombosis signal and blood signal.149

Figure 42.  Aortic three-channeled 
dissection complicating Marfan 
syndrome.
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c. MRI Examination of the Vascular Wall
2D imaging requires approximately 1–2 min, while 3D 
imaging requires approximately 5–10 min. The use of both 
T1-weighted and T2-weighted images captures the time 
phase of the aortic aneurysm wall and the development 
and change of thrombosis in the false lumen of aortic 
dissection.155,156 In addition, inflammation of the vascular 
wall in large-vessel vasculitis, such as Takayasu arteritis, 
can be visualized by fat-suppressed T2-weighted images 
and T1-weighted images after the administration of 
contrast medium.157 In 3D imaging, an evaluation that 
combines morphological and qualitative diagnoses can be 
easily performed by capturing the continuity of vascular 
wall structure and thrombosis structure.156 However, the 
blood flow lumen shows a high signal when there is reflux, 
disturbance, or delay in the blood flow, resulting in a risk 
of insufficient separation between the lumen and the 
vascular wall. In addition, the use of diffusion-weighted 
images is expected to allow for the qualitative evaluation 
of aortic tumors.158

d. Cine MRI Examination
Cine MRI imaging is commonly used in cardiac function 
analysis, and it uses SSFP sequencing, which can collect 
signals at a high speed by maintaining the endovascular 
lumen at a high signal. It can collect data by dividing one 
heartbeat into approximately 20–30 fragments.149,150 The 
obtained data can be used to evaluate the dynamics of the 
aortic valve and intimal flap. Because of the disturbance 
associated with jet blood flow at the entry of dissection and 
the decreased signal in SSFP images,159 cine MRI can 
capture the jet blood flow/abnormal blood flow indirectly.

e. Phase Contrast MRI Examination
Phase contrast MRI imaging can quantify the blood flow 
velocity and take a cross-sectional image in approximately 
10 s to 1 min using the 2D method.160 It collects data by 
dividing one heartbeat into approximately 20–30 fragments 
and quantifies the velocity of the blood flow perpendicular 
to the cross-section, allowing us to capture abnormal 
blood flow, such as reflux and pulse wave velocity.161 4D 
flow MRI, which is a three-dimensional extension of 2D 
phase contrast MRI, has been realized in recent years.162 It 
has visualized complex blood flow dynamics, and it is 
expected to allow for the measurement of new evaluation 

indices, such as wall shear stress applied to the vascular 
wall.163,164

 ▋3.4 Identification of the Adamkiewicz Artery
One of the most serious complications of thoracic descending/
thoracoabdominal aortic surgery is paraplegia caused by 
spinal cord ischemia. To avoid spinal cord ischemia, efforts 
to identify the Adamkiewicz artery, which nourishes the 
spinal cord, have been made preoperatively using CT/MRI 
examination. Its usefulness was confirmed in a large-scale 
clinical study conducted in Japan (Japanese Study of 
Spinal Cord Protection in Descending and Thoracoab-
dominal Aortic Repair [JASPAR] Registry).165

  ▋ 3.4.1 CT Examination
MDCT with 16 or more rows, which allows extensive 
imaging with thin slices, is used to visualize the Adamkiewicz 
artery.119,166–168 The slice thickness is approximately 
0.5–1 mm. The contrast medium yields a higher visualization 
rate when a high-concentration preparation is injected 
rapidly.168 An image processing device is used for the 
visualization of the Adamkiewicz artery, and the interior 
of the spinal canal is observed with oblique coronal sections 
by multi-planar reconstruction. The Adamkiewicz artery 
exhibits a characteristic hairpin turn at the site where it 
joins the anterior spinal artery, which is used as a marker 
for its identification. However, its differentiation from 
veins (anterior radicular medullary vein) poses a problem 
because the anterior radicular medullary vein also exhibits 
a morphology similar to a hairpin turn. The most reliable 
way to differentiate between the two is to demonstrate the 
continuity between the Adamkiewicz artery and the 
intercostal (lumbar) artery that branches from it. The 
continuity is demonstrated by visualizing the route from 
the aorta to the intercostal (lumbar) artery, its posterior 
branch, the root medullary artery, the Adamkiewicz 
artery, and the anterior spinal artery as a single blood vessel, 
like a single stroke of the brush, using curved planar 
reconstruction (CPR)119,166–168 (Figure 43). The diagnostic 
ability of the Adamkiewicz artery by MDCT has been 
reported to be 80–90% when the visualization of the hairpin 
turn is used as the basis for diagnosis and 29–60% when the 
proof of continuity is used as the basis for diagnosis.119,166–168 
However, due to the advances in the MDCT devices in 

Adamkiewicz artery

Posterior branch (intercostal artery)

Left 10th intercostal artery

Anterior spinal artery
Figure 43.  Identification of the 
Adamkiewicz artery. The Adamkiewicz 
artery, which branches from the left 
10th intercostal artery, exhibits a 
characteristic hairpin turn at the site 
where it joins the anterior spinal artery 
in the spinal canal (↑).
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recent years, a high visualization rate of approximately 
90% has begun to be reported, even when the proof of 
continuity is used as the basis for diagnosis.169–171

  ▋ 3.4.2 MRI Examination
The Adamkiewicz artery is imaged with contrast-enhanced 
MRA using a 1.5 or 3 T device, and time-resolved MRA is 
generally used. This method repeatedly captures a specific 
site by high-speed imaging with an imaging time of 
approximately 10 s each while rapidly injecting the contrast 
medium intravenously at a rate of approximately 3–4 mL/s. 
With this method, the state of the first pass of the contrast 
medium can be observed over time, allowing for arteries 
and veins to be distinguished. Its diagnostic ability of the 
Adamkiewicz artery has been reported to be 69–84%.172,173 
The advantages of MRA examination include the absence 
of radiation exposure and influence of bone structure; 
however, it requires imaging skill and experience compared 
to CT examination.

  ▋ 3.4.3 Characteristics of CT and MRI Examinations
Each of CT and MRI examinations has its advantages and 
disadvantages; however, upon focusing on aortic surgery, 
the main points in diagnosing the Adamkiewicz artery are 
described below.

a. Collateral Flow
The occlusion of the intercostal (lumbar) artery that 
branches off the Adamkiewicz artery due to atherosclerosis 
induces the formation of collateral flow in some cases. 
Such cases are not rare and are found in 22–24% of aortic 
aneurysm cases.167,170,174 It has been reported that 85% of 
the arteries distributed around the spine, such as the 
muscular branches and posterior vertebral body branches 
of the intercostal artery, and 15% of the arteries running 
on the chest wall, such as the thoracodorsal artery, are the 
routes of the collateral flow.174 Since CT images the entire 
trunk, it has no problem in visualizing these blood vessels. 
However, MRI cannot visualize the collateral flow running 
through the chest wall because its imaging range is limited 
to around the spine.

b. Selective Use of CT and MRI
Although CT and MRI imaging have comparable diagnostic 
abilities of the Adamkiewicz artery, it is generally easier to 
perform CT imaging, and CT does not interfere with the 
visualization of collateral flow. Thus, CT should be the 
first choice of diagnosis method, and MRI can be added if 
the diagnosis is difficult with CT alone.175 Since the visual-
ization of the Adamkiewicz artery is greatly affected by the 
performance of the devices in both CT and MRI, it is 
important to understand the characteristics of the devices 
used in each facility before selecting the examination 
method.

 ▋3.5 Angiography
Due to the development of non-invasive diagnostic methods, 
such as CT and MRI examinations, there have been fewer 
opportunities for angiography to be used in diagnosing 
aortic diseases. However, angiography is used when 
sufficient information cannot be obtained by CT/MRI 
examinations. In some cases, angiography is useful in 
diagnosing an endoleak after TEVAR/EVAR. In addition, 
angiography may be needed for understanding the relation-

ship between the coronary arteries and dissection and 
diagnosing malperfusion in aortic dissection. With the 
improvement in the accuracy of digital subtraction angiog-
raphy (DSA), intra-arterial DSA using a small-diameter 
catheter has been performed. A catheter, which is usually 
a 4–5 Fr pigtail or similar type, is percutaneously inserted 
through the brachial or femoral artery, and contrast-
enhanced imaging is performed by placing the tip of the 
catheter in the ascending aorta or the descending-abdominal 
aorta. Basically, images of the thoracic region are taken in 
two directions of left anterior oblique position at 50–60° 
and right anterior oblique position at 20–30°, while the 
front-view images are taken for the abdominal region.

 ▋3.6 Echographic Examination
Radiation diagnostic imaging, such as CT examination 
and angiography, is mainly used for the evaluation and 
treatment of aortic diseases. However, echographic exam-
inations have some advantages over radiation diagnostic 
imaging, including the absence of radiation exposure, lack 
of need for the transportation of the patient, real-time 
acquisition of information, and the ability to evaluate the 
properties of tissues and the process of thrombosis forma-
tion. Furthermore, blood flow information can be obtained 
by the Doppler method without using a contrast medium, 
and recent 3D echography can be used to obtain tomo-
graphic and stereoscopic images of various scanning planes 
similar to those of CT/MRI examinations. Also, the cost 
of echography is lower than that of other diagnostic imaging. 
On the other hand, the disadvantages of echographic 
examinations include the interference of visualization by 
air and bones and the possible direct impact of the technical 
skills of the examiner on the accuracy of diagnosis.

Echographic examinations include semi-invasive trans-
esophageal echocardiography (TEE), invasive intravascular 
echography, intravascular ultrasound (IVUS), and intra-
cardiac echocardiography (ICE), in addition to the ordinary 
echographic method that scans on the body surface (body 
surface echography). In the recent years, pocket-sized 
portable echography (pocket echography) has also been 
developed, and echography is becoming part of the basic 
physical examination methods.176–178

  ▋ 3.6.1  Body Surface Echographic Examination in ER and 
ICU

Critically ill patients undergo echographic examinations 
that mainly evaluate aortic diseases judged to be clinically 
important, rather than evaluating systematically, which 
include point of care ultrasound (POCUS) and focused 
cardiac ultrasound (FOCUS). To obtain information on 
the aorta, an acoustic window is found by using body 
surface echography, avoiding the bones, lungs, and intes-
tinal tract. The thoracic aorta is visualized by scanning the 
parasternal region, epigastric region, cardiac apex, and 
suprasternal region, while the abdominal aorta is visualized 
through the parenchyma organs, avoiding the intestinal 
tract. Also, the arch branches are visualized from the cervical 
region, while the femoral artery is visualized from the 
inguinal region (Figure 44).178 Furthermore, the visualiza-
tion of the descending aorta by paravertebral scanning179 
and abdominal aorta by retrocolic scanning178 can also be 
acoustic windows.

Several studies have reported the usefulness of echo-
graphic examinations in the diagnosis of the acute aortic 
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syndrome (AAS).180–185 Echographic examinations need to 
be utilized as various symptoms presented by patients with 
acute dissection make its initial diagnosis difficult, affecting 
the treatment results.186 In addition, PCI may be performed 
after acute myocardial infarction is suspected based on the 
symptoms and electrocardiographic findings.187 Addition-
ally, lifesaving may become difficult due to fibrinolytic 
therapy,188 and the administration of an anticoagulant or 
antiplatelet agent may increase the long-term mortality 
rate.189 The appropriate use of POCUS and FOCUS can 
reduce the misdiagnosis rate, time till diagnosis, and 
mortality rate.190

For stroke, fibrinolytic therapy at the early stage of onset 
has a favorable treatment effect, and the administration of 
t-PA before transport is widely carried out. However, it is 
fatal in patients with aortic dissection presenting with 
cranial nerve symptoms. Since such deaths have not been 
rare in Japan, the National Cerebral and Cardiovascular 
Center has issued a statement,191 recommending D-dimer 
measurement and carotid artery echography. The carotid 
artery, which is located only a few centimeters from the 
body surface, can be evaluated by pocket echography.192

The gold standard for AAS diagnosis is contrast-
enhanced CT examination; however, it is not uncommon 
for only unenhanced CT examination to be performed in 

consideration of allergy to contrast media and renal 
dysfunction, even when AAS is suspected in the initial 
examination (especially in community medicine). Even if 
contrast-enhanced imaging is performed, contrast-enhance-
ment may be poor or false positives may occur due to 
bloom artifacts.193 Considering that 90% of the patients 
survive if they reach invasive treatment (open surgery and 
SG deployment), it is desirable to avoid misdiagnosis and 
resulting delays in transportation by performing a quick 
and simple echographic examination. However, although 
the diagnostic ability of TEE is comparable to that of 
CT,194 it may induce rupture due to the stimulation of 
insertion,195,196 and it is not considered optimal for initial 
diagnosis.

  ▋ 3.6.2 Intraoperative Echographic Examination
In the treatment of AAS, it is not uncommon for surgery 
to be performed with an insufficient preoperative evaluation 
and for rupture or new malperfusion to occur intraopera-
tively, at which TEE is useful for deciding and changing 
the policy.197–199 TEE provides real-time information at the 
level from the aortic root to the renal artery without 
interrupting surgical operations.200–203 However, attention 
must be paid to the influence of the skill level of the exam-
iner on the evaluation, as well as esophageal injury. In 
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addition, information on the aortic root-aortic arch can be 
obtained by performing direct echo (epiaortic echo) from 
the operative field.

a. Diagnosis of Rupture
AAS can cause a rupture in the pericardial sac and 
intrathoracic hemorrhage; however, TEE allows for rapid 
diagnosis and real-time evaluation of hemorrhage volume, 
making appropriate responses possible. If the site of 
rupture in the hemothorax is unknown, the echo-free space 
in the mediastinal hematoma may be helpful for the 
identification of the rupture site.204

b. Malperfusion (Branch Malperfusion)
Malperfusion is evaluated by the blood flow in the branch 
arteries and organ parenchyma and movement of the heart 
and intestinal tract.205 While the dynamic/static obstruction 
in radiation diagnosis is evaluated within the range where 
the contrast medium reaches in a short time, echography 
evaluates aortic type (occlusion of the branch entrance by 
flap in the aorta) and branch type (occlusion of the true 
lumen in the branch) based on the size and blood flow of 
each of the true and false lumina in the aorta and branch 
arteries.

i. Brain
Body surface echography provides information on the 
blood flow of the common carotid, ocular, and middle 
cerebral arteries, while TEE provides information on the 
blood flow in the arch branches (Figure 45).192,200,206 With 
the transcranial Doppler method, it is difficult to capture 
blood flow if the cerebral perfusion pressure is low, such 
as during extracorporeal circulation. Although orbital 
ultrasound, which evaluates the blood flow in the central 
retinal artery, is also used,207 it is performed in a short time 
to avoid cornea damage. The common carotid artery can 
be visualized in the cervical region; however, the finding of 
true lumen occlusion is not always consistent with cerebral 
malperfusion. The true lumen occlusion of the brachioce-
phalic artery may not recover even with true lumen 
perfusion, and TEE is useful for its evaluation.208

ii. Myocardium
The myocardium is evaluated by coronary artery blood 
flow and left ventricular wall motion. In the left coronary 
artery, true lumen stenosis easily occurs due to the extension 
of dissection into the left main trunk,209 and in the right 
coronary artery, the intima is drawn out at the entry, causing 
perfusion from the false lumen or ischemia. Intraoperative 
diagnosis is performed by direct echo or TEE because 
events, such as failure of the collapsed true lumen to 

Basilar artery

Posterior cerebral artery Circle of Willis

Venous stasis

Right vertebral artery

Right subclavian artery

False lumen

Ascending aorta

entry

Middle cerebral artery

Anterior cerebral artery

Right common carotid artery

Left common carotid artery

Left vertebral artery

Left subclavian artery

True
lumen

Flap

Reduced cardiac output 
(pericardial tamponade, myocardial ischemia)

Near-infrared
spectroscopy

Transcranial
Doppler
ultrasound

Orbital ultrasound
(as this expression
was in my paper) Right common

carotid artery

Cervical
echography

Left common
carotid artery

Right subclavian
artery

Left subclavian
artery

Transesophageal echocardiography Jugular vein

True 
lumen

False lumen

Vitreous body

Central retinal
artery

Arterial blood flow

Venous blood flow

Internal jugular vein

Common carotid 
artery

Flap

Figure 45.  Cerebral malperfusion associated with aortic dissection. (Adapted from Orihashi K. 2016,192 2019.206) © 2016 Springer 
Japan https://link.springer.com/journal/595. Modified and reprinted with permission of Nankodo Co., Ltd.

https://link.springer.com/journal/595


Circulation Journal Vol.87, October 2023

1445JCS/JSCVS/JATS/JSVS 2020 Guideline on Diagnosis and Treatment of Aortic Aneurysm and Aortic Dissection

recover even with the supply of blood to the true lumen,210 
development of new myocardial ischemia caused by the 
supply of blood to the false lumen,211 and coronary artery 
occlusion after aortic reconstruction,212 may occur.
iii. Intestinal Tract
The intestinal tract is evaluated by blood flow of the 
superior mesenteric artery and visceral peristalsis 
(Figure 46).213 The possibility of intestinal ischemia is 
considered if body surface echography shows dilatation 
and peristaltic arrest of the intestinal tract. The celiac and 
superior mesenteric arteries can also be visualized by 
pocket echography.213 With TEE, the aortic type and 
branch type are evaluated.214,215 Even if the dissection has 
extended to the branches, the possibility of malperfusion is 
low in cases with a large true lumen or blood flow in the 
false lumen. Real-time evaluation is necessary because the 
true lumen may not recover even if blood is supplied to the 
true lumen.210

iv. Lower Extremity
There is a report that states that malperfusion of the lower 
extremity led to the diagnosis of aortic dissection.216 In the 
femoral artery, the blood flow of the true lumen may not 
recover even after stump formation due to thrombosis in 
the false lumen; however, real-time evaluation of the blood 
flow can be done by body surface echography.205

c. Evaluation of Aortic Valve Regurgitation
Aortic valve regurgitation is caused by the lateral deviation 
of the commissure due to the enlargement of the ascending 
aorta, valve leaflet deviation due to commissure detachment, 

and incarceration of flap.217,218 A flap may circumferentially 
detach, causing intussusception and deviation to the left 
ventricle.219,220 Conversely, the regurgitation orifice may be 
covered with a flap, leading to the underestimation of 
regurgitation.

d.  Troubles Related to Systemic Perfusion and 
Intraoperative Dissection

When inserting a perfusion cannula directly into the aorta, 
its placement in the true lumen is confirmed by TEE.221,222 
In the femoral artery perfusion, predominant perfusion to 
the false lumen is likely to occur in cases of retrograde 
extension of DeBakey type III dissection, which should be 
monitored at the time of initiating systemic perfusion.211 If 
intraoperative dissection is suspected in the operative 
field, evaluation by epiaortic echo,223 TEE,224 or both is 
recommended.225 However, monitoring with TEE at the 
start of blood transmission is desirable since the dissection 
may not be noticed in hemodynamics or the operative 
field.226,227 Retrograde dissection may occur from the 
blocked site after aortic replacement, and TEE is useful for 
its diagnosis.228,229

  ▋ 3.6.3 Hybrid Surgery
When elephant trunk (ET) is deployed for the purpose of 
staged treatment, TEE can determine whether it is bent in 
the aorta.230 When using ET for landing or anastomosis, 
visualization by TEE may be helpful as a guide.231,232 In 
frozen elephant trunk (FET), the TEE guide is used during 
insertion to avoid paraplegia and wall damage,233,234 and TEE 
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that can visualize both the aortic wall and the graft is also 
useful for diagnosing displacement after deployment.235,236 
In TEVAR for Type B dissection, navigation by TEE is used 
when advancing the guide wire into the true lumen.237,238 
Furthermore, the TEE guide is also used in the cheese-wire 
technique for guiding the guide wire to the false lumen,239 
guiding in fenestration,240 and deploying stent to the re-
entry.241 Since TEE can repeatedly evaluate leaks without 
using a contrast medium, it may help reduce the use of 
contrast media in examinations, such as the evaluation of 
touch-ups.232,242 Contrast echography243 and endovascular 
echography are used to evaluate leaks after EVAR.244

  ▋ 3.6.4 Traumatic Aortic Injury
Traumatic aortic injury is a pathological condition of 
polytrauma, and although CT examination is the first 
choice for its diagnosis, bedside TEE is useful when 
hemodynamics is unstable.245,246 It also has the advantage 
of simultaneously evaluating concomitant pathological 
conditions, such as injury to the right ventricle, right 
atrium, and tricuspid valve and thrombosis in the inferior 
vena cava.247,248 However, esophageal injury may occur due 
to trauma, and it should be kept in mind when using TEE.249

  ▋ 3.6.5 Screening for Abdominal Aortic Aneurysm
For AAA, which is often detected incidentally, echographic 
screening has been performed on the general population, 
which was reported to significantly reduce aneurysm-related 
deaths.250–252 However, its accuracy is inferior to that of CT 
examination, and there is a concern of overlooking the 
diagnosis.253 However, those missed during screening are 
small aneurysms, and some suggest that the risk does not 
increase even if they cannot be detected.254,255 The number 
of persons to be screened to avoid one death caused by 
aneurysm rupture (cost-effectiveness) has been controver-
sial.256–258 To increase the efficiency, there have also been 
efforts to target population groups by age, gender, and 
smoking status.259,260 Some recommend screening for those 
whose sibling has had AAA or patients with cardiovascular 
diseases.261,262

In addition, AAA may be detected during the evaluation 
of the abdominal aorta by echocardiography. The patients 
for whom echocardiography is requested are more likely to 
have some cardiovascular diseases, and have a higher 
prevalence rate of AAA than the general population.263 It 
was also reported that AAA was detected more frequently 
in those with aortic root dilatation.264

IV. Selection of Treatment

1. Medical Treatment

 ▋1.1 Medical Treatment Goals
The treatment goals for aortic diseases differ depending on 
the stage of the disease. While some diseases require medical 
treatment at the first stage, invasive treatment is needed 
once the disease progresses. Despite an invasive treatment, 
lifelong surveillance and continuation of high-quality 
medical treatment are still required after diagnosis. The 
main goal before surgical indication is to prevent the 
enlargement of the aneurysm/dissection and the progression 
of comorbidities. To protect patients from aortic disease-
related deaths, the timing of invasive treatment should not 
be missed with regular follow-up using image examinations 
and appropriate surgical procedure should be selected after 
consultation with a specialized team.

Lifelong surveillance and comorbidity management are 
essential even after surgery, and the “quality” of diagnosis/
treatment of comorbidities, especially other vascular 
diseases, and medical treatment for their onset risk factors 
strongly affects the life prognosis and course of patients 
with aortic diseases.

 ▋1.2 Abdominal Aortic Aneurysm (AAA)
The diagnosis and treatment cascade for abdominal aortic 
aneurysm (AAA) is shown in Figure 47.

AAA is, in principle, asymptomatic and often diagnosed 
incidentally during medical check-ups or close examinations 
for other diseases. In clinical practice, symptoms such as 
feeling of fullness, constipation, and nonspecific lumbar 
pain rarely lead to the diagnosis of AAA, and since more 
than 80% of the patients who have suffered its rupture 

cannot be saved,265,266 how patients can be screened while 
they are asymptomatic is an important issue. Palpation for 
a pulsatile mass is a useful screening method that can be 
easily performed in the examination room. In addition, 
abdominal echographic screening should be actively 
considered for men over the age of 65 years, women smokers 
over the age of 65 years,267 and those with a family history 
of AAA in first-degree relatives,268,269 who are at a higher 
risk of developing an aortic aneurysm.

CT examination is performed for the diagnosis of AAA, 
and its diagnosis is made with a maximum minor axis of 
30 mm or greater.270 Maximum minor axes of 55 mm or 
greater in men and 50 mm or greater in women are recom-
mended as indications for invasive treatment. However, 
even if the diameter of the aneurysm is smaller than the 
indicated values, invasive treatment may be considered 
depending on the age, physical constitution, and sex of the 
patient, as well as the morphology/enlargement rate of the 
aortic aneurysm. With respect to AAAs that do not meet 
the indications of invasive treatment, newly detected 
AAAs are re-examined 6 months after their detection to 
determine whether they exhibit a rapid enlargement of 
5 mm or greater. Those detected previously are followed up 
regularly by CT examination according to the diameter of 
each aneurysm.

Smoking is a serious risk factor for the enlargement and 
rupture of AAA and thorough guidance for smoking 
cessation is given.271–273 Although there is no evidence that 
drug therapy suppresses the enlargement of aneurysms, it 
is important to strictly implement the management of 
atherosclerotic risk factors aimed at reducing the risk of 
developing cardiovascular diseases, including blood pres-
sure management, as well as screening for atherosclerotic 
diseases.
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 ▋1.3 Thoracic Aortic Aneurysm (TAA)
The diagnosis and treatment cascade for TAA is shown in 
Figure 48. As with AAA, several TAAs are asymptomatic, 
and are often detected incidentally during medical check-ups 
or close examinations for other diseases. The subjective 
symptoms of TAA include hoarseness, dysphagia, chest 
pain, and back pain. CT examination is useful for the 
diagnosis of TAA, and it is performed every year if the 
maximum minor axis of TAA is less than 45 mm, or every 
3–6 months if it is 45 mm or greater and less than 55 mm.

If the maximum minor axis of TAA is found to be 
55 mm or greater in the initial CT examination, invasive 
treatment is considered while examining the surgical risks. 
In patients with hereditary connective tissue disorders, 
such as Marfan syndrome, invasive treatment is considered 
if the maximum minor axis of TAA is 45 mm or greater 
(See Table 49 for details). Generally, the enlargement rate 
of the aneurysm diameter is 1.0–4.2 mm/year.118,274 However, 
the rate is slow in TAA with a small diameter, and it 
increases as the aneurysm diameter enlarges. Thus, the 
observation interval is determined according to the diameter 
of the aneurysm. The aneurysms whose diameter increases 
by 5 mm or greater in 6 months are at high risk of rupture 
and are a target for invasive treatment. Saccular type 
TAAs have a high risk of rupture even if their diameter is 
not large, and invasive treatment is considered for these 
aneurysms while paying attention to their morphology.

 ▋1.4 Acute Aortic Dissection
The diagnosis and treatment cascade for acute aortic 
dissection is shown in Figure 49. When acute aortic dissec-
tion is suspected, the physical findings and vital signs are 
promptly examined, and diagnostic imaging is performed 
immediately if the hemodynamics of the patient is stable. 
With regard to the physical findings, pulse palpation of the 
limbs and examination of heart murmur and abdominal 
vascular bruits lead to the early detection of complications 
(sequelae). The presence or absence of myocardial ischemia 
is evaluated by electrocardiography, while the presence or 
absence of a dissection flap in the aorta, aortic valve 
regurgitation, and pericardial effusion is evaluated by 
echocardiography. CT examination is subsequently per-
formed to achieve a definitive diagnosis. If the patient has 
high blood pressure and is in great pain, attempts to lower 
the blood pressure and relieve pain should be carried out.275 
It is also important to evaluate the inflammatory findings 
by blood tests, D-dimer levels, and the presence or absence 
of lactic acidosis, which suggests organ ischemia due to 
blood gas abnormalities.

Unenhanced and early/delayed contrast-enhanced CT 
images are used to accurately diagnose the morphology, 
extension, and range of dissection, as well as identifying 
the entry and the presence or absence of malperfusion. In 
aortic dissection complicated by malperfusion, vascular 
echographic examination is also useful when static and 

1. Palpation for pulsatile aneurysm
2. Unexpected detection (e.g., during close examination for other diseases)
3. Screening by echographic examination (men: age ≥65 years, women 
    smokers: age ≥65 years )

CT examination

(1) Maximum minor axis 
     Men: ≥55 mm
     Women: ≥50 mm
(2) Saccular type aneurysm
(3) Enlargement of aneurysm 
     diameter by ≥5 mm within 6 months

Invasive treatment is considered

1. Guidance for smoking cessation
2. Blood pressure management (<130/80 mmHg)
3. Primary prevention of cardiovascular diseases
4. Regular monitoring (CT examination) 
      • 30–40 mm: every 1–2 years
      • 40–50 mm: every 6–12 months
      • 50–55 mm: every 3–6 months

Abdominal aortic aneurysm with a maximum minor axis ≥30 mm

Present

Absent Re-evaluation by echographic 
examination after 1–4 years

Note: See PQ 8 and Table 24.

Any of (1)–(3) is met

Yes

No

Figure 47.  Diagnosis and treatment cascade for abdominal aortic aneurysm.
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1. Enlargement of aortic shadow on chest radiographs 
2. Unexpected detection (for example, during close 
    examination for other diseases)

(1) Maximum minor axis of ≥55 mm
(2) Saccular type aneurysm
(3) Enlargement of aneurysm by ≥5 mm 
     within 6 months

Note: Invasive treatment is considered for patients 
          with Marfan syndrome presenting with thoracic 
          aortic aneurysm if the diameter is ≥45 mm 
          (See Table 49, for details).

Any of (1)–(3) is met

Yes

No

Invasive treatment is considered

1. Guidance for smoking cessation
2. Blood pressure management (<130/80 mmHg)
3. Primary prevention of cardiovascular diseases
4. Regular monitoring (CT examination)
        • <45 mm: every year
        • 45–55 mm: every 3–6 months

Figure 48.  Diagnosis and treatment cascade for thoracic aortic aneurysm.

Findings suspected of acute aortic dissection

□ Chest and/or back pain
□ Ischemic symptoms of 
     branched blood vessels
□ History of aortic diseases

Clinical history Physical findings
□ Poor palpation of pulse in 
     the limbs
□ Detection of heart murmur
□ Blood pressure laterality of 
     >20 mmHg

Blood test findings
□ Elevated white blood cell 
     count/CRP
□ D-dimer level of >0.5 μg/mL
□ Acidosis

1. Electrocardiography
2. Echocardiography
3. Chest radiography

The following are evaluated by the 
abovementioned examinations:

Acute coronary syndrome, pericardial fluid, wall 
motion, aortic flap, cardiomegaly, pleural effusion

Diagnosed with acute aortic dissection by 
contrast-enhanced or unenhanced CT

Acute Type A dissection

Occlusion of false lumen
Yes YesNo No

Emergency
surgery

Emergency surgery 
or 

conservative treatment

Acute Type B dissection

Complications

Conservative
treatment

Invasive treatment is considered
Prompt judgment and treatment by

a specialized team are needed

Figure 49.  Diagnosis and treatment cascade for acute aortic dissection.
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dynamic obstructions cannot easily be distinguished. 
Urgent/semi-urgent surgery is considered in patients 
diagnosed with acute Type A dissection. Invasive treatment 
is indicated if a patient diagnosed with acute Type B 
dissection has complications (complicated dissection). 
Such a case requires prompt judgment and treatment by a 
specialized team of cardiologists, cardiovascular surgeons, 
and radiologists, and treatment in facilities capable of 
performing multimodal therapy is desired. On the other 
hand, conservative treatment is selected for uncomplicated 
dissection. However, complications may occur during the 
course, and cooperation with a facility capable of performing 
multimodal therapy is desired in such a case.

 ▋1.5 Chronic Aortic Dissection
The diagnosis and treatment cascade for chronic aortic 
dissection is shown in Figure 50. The majority of cases of 
chronic aortic dissection are followed up after being diag-
nosed at the onset of acute aortic dissection; however, 
asymptomatic aortic dissection may be detected incidentally 
during CT and MRI examinations. It is important to make 
a definitive diagnosis that the incidentally detected aortic 
dissection is not in its acute phase. Comprehensive judgment 
is made based on the inflammatory response by blood 
tests, the presence and brightness of pericardial effusion by 
echocardiography, electrocardiographic findings, CT value 
of the false lumen thrombosis, thickness of the septal wall 
of the false lumen by unenhanced CT examination, and the 
shape of the true lumen by contrast-enhanced CT exami-
nation, in addition to medical interviews regarding the 
time of symptom appearances, such as chest/back pain.

If the aortic dissection is determined to be in its chronic 
stage, the enlargement rate of the aneurysmal site needs to 
be determined, and the diameter of the aneurysm is 
measured by unenhanced CT imaging 3–6 months after an 
initial examination. For chronic aortic dissections with a 
known time of onset (follow-up cases of acute aortic 
dissection), CT imaging is performed 1, 3, 6, and 12 
months after the onset, which mainly examines the absolute 
value of the aneurysm diameter and the enlargement rate. 
If ULP is detected in the initial diagnosis, its morphological 
changes are also examined by contrast-enhanced CT 

imaging. Since ULP may newly develop in the chronic 
stage, it is recommended to perform unenhanced/contrast-
enhanced CT imaging at least once within 6 months of 
onset.

Annual CT examinations are sufficient for chronic aortic 
dissection if its diameter is below 45 mm. If the aneurysm 
diameter is between 45 mm and 55 mm, CT examination is 
performed continuously once every 3–6 months. For chronic 
aortic dissection (dissecting TAA), invasive treatment is 
indicated if it enlarges by at least 5 mm/6 months or its 
diameter is 60 mm or larger. If the diameter is between 
55 mm and 60 mm, invasive treatment is discussed by a 
multimodal clinical team mentioned above based on the 
general and anatomical conditions of the patient and 
expected surgical invasiveness.

Several cardiovascular events, such as cerebral infarction 
and heart failure, occur during the follow-up of chronic 
aortic dissection. The risk factors for atherosclerotic 
diseases, such as valvular diseases and arrhythmia, are 
screened by non-invasive examinations during outpatient 
follow-up, and they should be appropriately managed.

 ▋1.6 Medical Treatment for Comorbidities
The medical approaches to comorbid risk factors and 
comorbidities are important in managing aortic diseases. 
The following is an overview of hypertension, dyslipidemia, 
diabetes mellitus, smoking, heart failure, coronary artery 
disease, and carotid artery disease.

  ▋ 1.6.1 Hypertension
In patients with aortic diseases, strict blood pressure 
management is desired with a target of below 130/80 mmHg.96 
β blockers improve the prognosis by reducing the incidence 
of post-dissection events in chronic aortic dissection276 and 
reducing the enlargement rate of aneurysms in Marfan 
syndrome.277 On the other hand, no antihypertensive 
drugs, including β blockers, suppress the enlargement of 
AAA.278,279 Therefore, antihypertensive drugs for aortic 
diseases should be selected in consideration of the short-
term/long-term prognosis and drug compliance, including 
a balance with comorbidities. For hypertension without 
comorbidities, an antihypertensive drug is selected from Ca 

Re-examination by CT 3–6 months after initial examination

(1) Aneurysm diameter of ≥60 mm
(2) Enlargement of aneurysm diameter by 
     ≥5 mm within 6 months

Either (1) or (2) is met

Yes
No

Invasive treatment is 
considered

Regular monitoring (CT examination)
      • <45 mm: every 1 year
      • 45–55 mm: every 3–6 months

*If the aneurysm diameter is 55 mm or greater and less than 60 mm, invasive 
treatment is discussed by a specialized team based on the general condition, 
anatomical conditions, and expected surgical risk.

Figure 50.  Diagnosis and treatment cascade for 
chronic aortic dissection.
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blockers, renin-angiotensin system inhibitors (ARB/ACE 
inhibitors), and diuretics.280 The selection of antihyperten-
sive drugs by risk factor for aortic diseases or comorbidity 
is described below (Table 7).

a. Older Adults
ACE inhibitors are recommended for older adults with 
repeated aspiration pneumonia, while thiazide diuretics are 
recommended for older adults at a high risk of fracture.281 
Ca blockers, ARB/ACE inhibitors, and thiazide diuretics 
are recommended for other aged individuals. The admin-
istration of β blockers is considered for heart failure patients 
with reduced left ventricular function after myocardial 
infarction, as well as patients with other heart diseases, 
such as arrhythmia.280

b. Cerebral Infarction
The combined use of an ACE inhibitor and a diuretic was 
reported to suppress the recurrence of cerebrovascular 
diseases and dementia.282 The additional administration of 
a Ca blocker is considered as needed. β blockers are said to 
be less effective in preventing the recurrence of cerebrovas-
cular diseases than other antihypertensive drugs; however, 
their administration is considered based on a balance with 
comorbid heart diseases.

c. Coronary Artery Disease
For angina, Ca blockers and β blockers without intrinsic 
sympathomimetic activity are the first-line drugs.283 
However, caution is needed as short-acting Ca blockers 
may induce myocardial ischemia due to rapid hypotension/
reflex tachycardia. On the other hand, in post-myocardial 
infarction cases, β blockers without intrinsic sympatho-
mimetic activity suppress the recurrence of myocardial 
infarction and sudden death,284 and ACE inhibitors 
improve life prognosis by suppressing left ventricular 
remodeling and cardiac events, such as heart failure and 
sudden death.285,286 Therefore, the combined use of a 
renin-angiotensin system inhibitor (ACE inhibitors are 
preferred over ARB) and a β blocker is the first choice in 
post-myocardial infarction cases.280

d. Heart Failure
Blood pressure is often normal or low in heart failure 
patients with LVEF below 40%. ARB/ACE inhibitors, β 

blockers, and diuretics are used as standard antihypertensive 
drugs. Renin-angiotensin system inhibitors (ACE inhibitors 
are preferred over ARB) and β blockers improve the long-
term prognosis, including the prevention of readmission 
due to heart failure. Diuretics are effective for the treatment 
and prevention of organ congestion.287 Mineralocorticoid 
receptor blockers improve the prognosis of heart failure 
patients with low LVEF receiving standard treatment.288 
On the other hand, no drugs improve the prognosis of 
heart failure caused by left ventricular diastolic dysfunction 
in patients with LVEF of above 50%. Antihypertensive 
drugs are selected according to the pathological condition 
of each patient.

e. Atrial Fibrillation
Antihypertensive drugs, mainly ARB/ACE inhibitors, are 
selected. ARB/ACE inhibitors are highly effective in 
suppressing atrial fibrillation in patients complicated by 
heart failure or ventricular hypertrophy.289 On the other 
hand, there is no clear evidence that they reduce the seizure 
frequency or prevent the recurrence and chronicity.

f. Chronic Kidney Disease (CKD)
ARB/ACE inhibitors are recommended for chronic renal 
failure patients with proteinuria. Any of ARB/ACE inhib-
itors, Ca blockers, and thiazide diuretics are recommended 
for patients without diabetes mellitus and proteinuria.280

g. Diabetes Mellitus
The selection of antihypertensive drugs in patients with 
diabetes mellitus varies depending on the presence or 
absence of microalbuminuria. ARB/ACE inhibitors are 
used if microalbuminuria is present, while an antihyper-
tensive drug is selected from ARB/ACE inhibitors, Ca 
blockers, and thiazide diuretics if microalbuminuria is absent.280

PQ 4.
What Is the Blood Pressure Management Target for 
Patients With Aortic Aneurysm or Chronic Aortic Dissection?

Recommendation
The blood pressure management targeting below 
130/80 mmHg is desirable.

Table 7. Indications of Antihypertensive Drugs for Comorbidities of Aortic Diseases

Ca blockers ARB/ACE  
inhibitors

Thiazide  
diuretics β-blockers

Left ventricular hypertrophy 〇 〇

 Heart failure with reduced LVEF 〇 〇 〇

Tachycardia  〇* 〇

Angina 〇 〇

After myocardial infarction 〇 〇

 Chronic kidney disease with proteinuria/
microalbuminuria 〇

*Non-dihydropyridines. ARB, angiotensin II receptor blockers; LVEF, left ventricular ejection fraction.
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The target for patients with TAA was set to a systolic 
blood pressure of 105–120 mmHg in the 2011 edition of the 
guideline; however, it has not been supported by solid 
evidence. In principle, the blood pressure management 
targeting below 130/80 mmHg is desired after comprehen-
sively evaluating the comorbidities, age, and frailty of the 
patient.96

With regard to antihypertensive drugs, an RCT for 
propranolol showed that the administration of β blockers 
to patients with AAA did not reduce the enlargement rate 
of AAA and decreased their QOL.290 However, the use of 
β blockers is useful for some comorbidities, such as chronic 
heart failure and coronary artery disease, and needs to be 
examined for each case. Regarding other diseases, the use 
of β blockers was reported to result in a decrease in the 
incidence of post-dissection events in chronic aortic dissec-
tion276 and improvement of aneurysm enlargement and 
prognosis in Marfan syndrome.277

In addition, no reports have shown that the enlargement 
of AAA is similarly suppressed by antihypertensive drugs 
other than β blockers.278,279 Antihypertensive drugs should 
be selected for each aortic disease in consideration of 
short-term/long-term prognosis and drug compliance, with 
comorbidities in mind. For hypertension patients without 
any comorbidities other than aortic diseases, an antihyper-
tensive drug is selected from Ca blockers, ARB/ACE 
inhibitors, and diuretics.280

  ▋ 1.6.2 Dyslipidemia
In general, the onset of atherosclerotic diseases and related 
deaths in the Japanese population can be predicted by their 
LDL-C levels.291 In addition, LDL-C levels were shown to 
correlate positively with cerebral infarction and negatively 
with hemorrhagic stroke;292 nevertheless, its evidence in the 
Japanese population is not sufficient. According to the 
2018 AHA/ACC atherosclerosis guidelines, complications 
of aortic aneurysm fall under atherosclerotic cardiovascular 
disease (ASCVD), but under high-risk conditions. The 
lipid management target for patients with aortic aneurysm 
differs after the age of 75 years. For patients over 75 years 
of age, it is considered appropriate to reduce the LDL-C 
levels by an average of 30–49% with moderate-intensity 
statins or by an average of over 50% with high-intensity 
statins (Class IIa). On the other hand, for patients under 
75 years of age, the target is to reduce the LDL-C levels by 
over 50% with high-intensity statins (Class I), and the 
addition of ezetimibe is recommended if the LDL-C level 
is 70 mg/dL or higher, even with the maximum tolerance 
dose of statins (Class IIb).293

In Japan, although the “Guidelines for Prevention of 
Atherosclerotic Diseases 2017” did not set the lipid 
management targets for patients with aortic diseases,294 
there has been a large amount of evidence for coronary 
artery disease. Since aortic diseases have a high complica-
tion rate of coronary artery disease, it is recommended to 
use the above guidelines as a reference. In patients with a 
history of coronary artery disease (secondary prevention), 
if familial hypercholesterolemia, acute coronary syndrome, 
or diabetes mellitus is complicated by other high-risk 
pathological conditions, it is recommended to set a highly 
strict target below 70 mg/dL, as with pathological conditions 
that require stricter management.

Based on these, if the patient is complicated by familial 

hypercholesterolemia, a history of acute coronary syndrome, 
and diabetes mellitus, which are the pathological conditions 
that require stricter lipid management, in addition to aortic 
diseases, the target LDL-C level is set to below 70 mg/dL. 
Additionally, the target is set to below 100 mg/dL if the 
patient has aortic aneurysm complicated by coronary 
artery disease, and it is set to below 120 mg/dL if the 
patient has aortic aneurysm alone.294

PQ 5.
What Is the Lipid Management Target for Patients With 
Aortic Diseases?

Recommendation
The administration of statins is considered for patients 
with aortic diseases. The target level of LDL cholesterol 
depends on the comorbidities of each patient.

In Japan, lipid management targets have been proposed in 
the “Guidelines for Prevention of Atherosclerotic Diseases 
2017”;294 however, no clear target specific to aortic diseases 
has been presented. On the other hand, clear LDL-C target 
levels have been set because the involvement of lipid 
plaques has been pointed out in the onset/exacerbation of 
atheromatous arterial diseases, such as coronary artery 
disease (CAD) and peripheral artery disease (PAD), and 
the management of LDL-C levels was reported to lead to 
the regression and stabilization of the plaques. However, 
the direct involvement of lipid plaques in the development 
of aortic aneurysm/dissection has not been demonstrated, 
and it is unclear whether they should be treated as athero-
sclerosis like CAD and PAD. Aortic diseases fall under 
atherosclerosis in the 2018 AHA/ACC secondary preven-
tion guidelines;295 however, there is no evidence of the 
direct involvement of dyslipidemia in the enlargement and 
rupture of aortic aneurysm/dissection. They are regarded 
as a confounding factor of CAD and PAD.

It was shown that the administration of statins may 
suppress the enlargement of AAA296 and improve life 
prognosis after the surgery of aortic aneurysm,297,298 and it 
has been pointed out that the anti-inflammatory effect of 
statins on the vascular wall may improve the prognosis. In 
addition, it was shown that the administration of statins 
may improve the life prognosis of aortic aneurysm/dissection 
complicated by CAD that requires revascularization.299 On 
the other hand, the effectiveness of statins for hereditary 
aortic diseases is unknown. Animal studies have indicated 
that the administration of statins may suppress the enlarge-
ment of the aortic diameter in Marfan syndrome;300,301 
however, it has not been supported by clinical evidence.

Although no large-scale observational studies or RCT 
have shown the association between treatment with non-
statin drugs (ezetimibe and fibrates) and aortic diseases or 
their prognosis, the combined use of a statin and ezetimibe 
was reported to reduce the inflammatory markers in 
AAA.302 With regard to lipid-lowering therapies other than 
statins based on the evidence of dyslipidemia management 
for atherosclerotic diseases, the administration of ezetimibe 
in addition to statins or the administration of PCSK-9 
inhibitors is considered if an LDL-C target cannot be 
reached.

Based on these, in Japan, the target value of LDL-C 
levels is currently set to below 70 mg/dL if the patient has 
any of familial hypercholesterolemia, a history of acute 
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coronary syndrome, and diabetes mellitus, which require 
stricter lipid management, in addition to aortic diseases. If 
the patient has only aortic diseases and CAD, lipid 
management with a target LDL-C level below 100 mg/dL 
is desirable. Additionally, lipid management with a target 
LDL-C level of below 120 mg/dL is desirable if the patient 
has aortic aneurysm alone. Considering other comorbidities, 
lipid-lowering drugs such as ezetimibe and PCSK-9 inhib-
itors may be administered if a target LDL-C level is not 
reached or if the patient is statin-intolerant. However, 
since aortic diseases including hereditary aortic diseases 
have a wide range of pathological conditions, evidence to 
support strict lipid management is insufficient, and lipid 
management is not strongly recommended for all aortic 
diseases.

  ▋ 1.6.3 Diabetes Mellitus
Diabetes mellitus is a major risk factor in the prognosis of 
cardiovascular diseases; however, its negative correlation 
with the prognosis of AAA has been shown in epidemio-
logical and observational studies.303 The enlargement of 
aneurysm is slower in AAA patients complicated by diabetes 
mellitus than in those without the complication, and 
diabetes mellitus acts protectively against the enlargement, 
rupture, and life prognosis of aneurysms and retreatment 
after stent-graft deployment (EVAR). These tendencies in 
patients with AAA are also observed in those with TAA, 
and a meta-analysis showed that diabetes mellitus is 
negatively correlated with the incidence of ascending/
thoracoabdominal/descending aortic aneurysm. In contrast, 
complication with diabetes mellitus was reported to 
increase the incidence of complications after open surgery 
for AAA (prosthetic graft replacement), such as myocardial 
infarction, infection, and pancreatitis, and procedure 
complications after EVAR.303

Although no treatment targets have been set for diabetes 
mellitus complicating aortic diseases, the “Diabetes Mellitus 
Treatment Guide 2018–2019” states that a glycemic control 
target needs to be set according to the condition of each 
patient, in consideration of age, disease duration, organ 
damage, risk of hypoglycemia, support system, and severity 
of dementia.304

  ▋ 1.6.4 Smoking
Smoking is the most important risk factor for the enlarge-
ment and rupture of aneurysm in both TAA and AAA.305–311 
The incidence of aortic aneurysm increases dependently on 
the amount of smoking.307 Therefore, guidance for smoking 
cessation is of significance from the viewpoint of suppressing 
the enlargement of aneurysm, even if the diameter of the 
aortic aneurysm is small.311,312 In particular, there is a 
highly strong relationship between smoking and the onset 
of AAA in men, and the prevalence rate of AAA in men 
aged 65–75 years with a history of smoking is 6–7%, while 
that in those without a history of smoking is 2%. In women 
of the same age, the prevalence rate of AAA is below 0.6% 
in non-smokers, while it is 0.8% and 2% in those with a 
history of smoking and active smokers, respectively. 
Therefore, screening for AAA by echographic and CT 
examinations is recommended for men aged 65 years and 
older with a history of smoking.313 Furthermore, in open 
surgery for AAA, preoperative smoking cessation for at 
least 8 weeks reduces perioperative pulmonary complica-

tions compared to patients with active smoking habits.314 
The SVS guidelines recommend at least 2 weeks of preop-
erative smoking cessation.315

  ▋ 1.6.5 Heart Failure
There is no definite epidemiology of heart failure in chronic 
aortic dissection, TAA, and AAA. However, heart disease 
is the main factor for long-term mortality in AAA,316 and 
most of the perioperative complications of invasive treat-
ment (open surgery and EVAR) are heart failure.317,318 
Preoperative chronic heart failure is a risk factor for 
postoperative pulmonary and renal complications, and a 
history of chronic heart failure is a risk factor for postop-
erative cardiac complications.319,320 Therefore, if an unstable 
heart disease (unstable angina, severe valvular disease, 
lethal arrhythmia, or chronic heart failure) is diagnosed 
preoperatively, the evaluation of left ventricular dysfunction 
and valvular disease with echocardiographic examination 
by a cardiac specialist and evaluation of myocardial 
ischemia with stress testing are required prior to invasive 
treatment of aortic diseases, and medical management, 
including drug therapy, is performed according to the 
pathological condition. However, even if the patient is not 
preoperatively diagnosed with heart disease, screening 
should be performed for elective invasive treatment, and 
daily activity assessment and resting 12-lead electrocar-
diogram are recommended as screening methods.315,321 If 
dyspnea of unknown cause or exacerbated dyspnea is 
presented, a detailed examination by transthoracic echog-
raphy should be performed.315 Prior to the surgery of 
AAA, patients with less than 4 METs of daily activity and 
risk factors, such as cerebrovascular diseases, diabetes 
mellitus, and chronic renal failure, are indicated for non-
invasive detailed examination of heart diseases by a cardiac 
specialist.315,321

If a patient with surgical indications for aortic diseases 
is complicated by NYHA III (movement is limited due to 
heart failure symptoms) or IV (symptoms are present even 
at rest) chronic heart failure, the strict management of 
heart failure by drug therapy (β blockers, antihypertensive 
drugs, and diuretics) is required, and invasive treatment is 
postponed.321–324 The risks and benefits of each case should 
be assessed by an expert. In addition, aortic valve stenosis 
is the heart disease that most significantly increases the 
perioperative risk in the invasive treatment for AAA, and 
in patients with severe valvular stenosis (average pressure 
difference of 40 mmHg or more, valve area of less than 
1 cm2, and aortic valve maximum blood flow velocity of 
4.0 m/s or more), invasive treatment for aortic valve stenosis 
is prioritized prior to the surgery of aortic aneurysm.322,323,325,326

  ▋ 1.6.6 Coronary Artery Disease
It is estimated that cardiac complications are associated 
with more than 40% of perioperative deaths after non-
cardiac surgery;327 additionally, the evaluation of the risk 
of heart diseases is highly important.328 The detection of 
left ventricular dysfunction and cardiac valve abnormalities 
and non-invasive evaluation of myocardial ischemia with 
stress testing should be performed preoperatively; however, 
routine catheter coronary angiography is not recom-
mended.323 This is based on the fact that two RCTs 
demonstrated the benefits of preventive coronary artery 
revascularization before aortic surgery only in unstable 
CAD, even in patients with a lesion in the left main coro-
nary artery trunk or a triple-vessel lesion and patients with 
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an LVEF below 35%.326 In the guidelines in Europe and 
the United States, the indications for preventive coronary 
artery revascularization are highly limited;323,326,329 however, 
it has become actively performed in Japan in consideration 
of the peculiarities of aortic diseases and surgical invasiveness.

  ▋ 1.6.7 Carotid Artery Disease
The prevalence rate of carotid artery stenosis is high in 
patients with aortic aneurysm as it shares common risk 
factors with aortic aneurysm. In the SMART trial, 8.8% of 
patients with AAA had at least 70% of asymptomatic 
carotid artery stenosis.330 It has been pointed out that 
untreated significant carotid artery stenosis adversely 
affects the long-term prognosis after the treatment of 
AAA.331 Therefore, drug therapy before and after invasive 
treatment of aortic aneurysm, especially after surgery, is 
beneficial in patients with carotid artery stenosis. However, 
the benefits of carotid artery screening before the surgery 
of aortic aneurysm have not been demonstrated;332 
additionally, routine preoperative screening is not recom-
mended. The ESVS guidelines recommend selective screening 
for asymptomatic carotid artery stenosis in patients with 
multiple vascular risk factors, which aims to reduce the 
long-term mortality and complications due to cardiovas-
cular diseases with drug therapy, rather than searching for 
cases indicated for invasive carotid artery intervention.333 
The benefits of preventive carotid endarterectomy or stent 
deployment before aortic aneurysm surgery have not been 
demonstrated in patients with asymptomatic carotid artery 
stenosis, even if it is severe.333

  ▋ 1.6.8 Aortic Diseases and Antimicrobial Therapy
With regard to antimicrobial therapy, the administration 
of doxycycline and roxithromycin, which are effective for 
chlamydia pneumonia associated with the enlargement of 
AAA due to secondary infection, was reported to suppress 
the enlargement of aortic aneurysm after 12 months. 
However, its validation by two RCTs showed no significant 
benefits in the suppression of the enlargement.334,335 On the 
other hand, animal studies have reported that the use of 
fluoroquinolone antimicrobial drugs promotes the expres-
sion of matrix metalloproteinases on the vascular wall and 

affects the connective tissue. Observational studies have 
reported that patients taking fluoroquinolone antimicrobial 
drugs have a higher risk of developing aortic aneurysm and 
dissection, compared to patients taking penicillin antimi-
crobial drugs.336–338 In a notification published in December 
2018, the US FDA recommended that patients with aortic 
diseases and those at high risk of aortic diseases refrain 
from taking fluoroquinolone antimicrobial drugs.

2. Endovascular Treatment (Table 8, Table 9)

 ▋2.1 TEVAR
  ▋ 2.1.1 Indications

TEVAR is indicated for thoracic descending aortic lesions: 
thoracic descending aortic aneurysm, PAU, blunt traumatic 
aortic injury (BTAI), Type B dissection and is presently a 
standard treatment in this field. Particularly, for descending 
aortic aneurysm including ruptured aneurysm, PAU, BTAI, 
and acute/subacute complicated Type B dissection that 
fulfills the anatomical requirements for TEVAR, TEVAR 
is recommended with priority over open surgery.341,349–365,384–387 
In TAA, PAU, and BTAI, the basic objective of TEVAR 
is treatment or prevention of rupture by aneurysm exclusion 
using a stent-graft and decompression of aneurysm. In 
aortic dissection, it is to reduce the false lumen blood flow 
and increase the true lumen blood flow by occlusion of the 
entry and, prevent enlargement and rupture of the false 
lumen by inducing its thrombosation.

In TEVAR for aortic arch or thoracoabdominal aortic 
lesions, branch reconstruction for arch branches or major 
abdominal branches is necessary. But as this requires 
TEVAR using fenestrated/branched devices, hybrid 
TEVAR concomitantly using bypasses to branches, and 
TEVAR combined with a palliative branch reconstruction 
procedure, such as the chimney or snorkel technique, 
TEVAR has not attained the position of standard treatment 
and is still indicated restrictively to cases with high risk or 
difficulty for open surgery.374–383 In the ascending aorta, 
TEVAR is performed only in very limited cases.388,389

TEVAR can be recommended for uncomplicated Type 
B aortic dissection because RCTs and systematic reviews 

Table 8. COR and LOE of Endovascular Treatments (TEVAR/EVAR) for Aortic Aneurysm/Dissection

COR LOE

 It is recommended to evaluate indications of TEVAR/EVAR comprehensively in consideration 
primarily of anatomical factors: anatomical requirements for TEVAR/EVAR, but also of other 
factors including the etiology, comorbidities, and life expectancy and by comparison with other 
treatments: open surgery, conservative therapy

I C

 It is necessary to secure a healthy landing zone of 20 mm or more for TEVAR and 10–15 mm or 
more for EVAR on both the proximal and distal sides. Also, it is recommended to perform the 
procedure in each landing zone using an oversized stent-graft 10–30% larger than the aortic 
diameter

I C

 It is recommended to perform TEVAR/EVAR by a facility and a treatment team skilled in each 
endovascular treatment of the aorta with a backup system by a surgical team I C

 After TEVAR/EVAR, it is recommended to continue periodic follow-up using specified imaging 
modalities for a lifetime: after 1, 6, and 12 months and every 1 year thereafter. If abnormalities 
are noted, it is recommended to perform follow-up at shorter intervals339,340

I C

 If endoleak is detected after TEVAR/EVAR, additional treatment should be given as promptly as 
possible for type I and III, and when there is aneurysm enlargement for type II and V341–348 I C

 TEVAR/EVAR is not recommended at facilities that are not skilled in endovascular treatment of 
the aorta and have no backup by a surgical team III C

COR, class of recommendation; EVAR, endovascular aortic repair; LOE, level of evidence; TEVAR, thoracic 
endovascular aortic repair.
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have reported that TEVAR performed in the subacute to 
early chronic phase (within 1 year after the onset) aimed to 
prevent enlargement of the false lumen (preemptive 
TEVAR) improved the results regarding the outcome, aortic 
events, and aortic remodeling compared with conservative 
treatment.390–395 However, as the risk due to TEVAR in the 
acute phase of treatment cannot be disregarded, TEVAR 
is unlikely to apply to all cases of uncomplicated Type B 
dissection, and selection of cases by prediction of enlarge-
ment is expected to become important in the future.396–401 
On the other hand, for chronic Type B dissection with 
enlargement/aneurysmal dilatation of the false lumen, 

TEVAR is clearly inferior to open surgery in the therapeutic 
effect and the outcome in the chronic phase and cannot be 
recommended even in consideration of the advantages in 
the acute phase of treatment.391,402–405

For infected aneurysms, aorto-esophageal fistula (AEF) 
including invasion of esophageal cancer, and bronchial 
fistula including pulmonary fistula and invasion of lung 
cancer, TEVAR is indicated for patients with hemodynamic 
instability and those in whom open surgery is difficult to 
perform. In these patients, it may be necessary to perform 
additional open surgery after TEVAR with stabilization of 
the hemodynamics depending on the degree of infection.406

  ▋ 2.1.2 Devices Used for Treatment
Stent-grafts (SG) for TEVAR are basically straight (I type) 
and are made of a self-expanding skeleton consisting of 
stainless steel and nitinol and fabric consisting of polyester 
threads or expanded polytetrafluoroethylene. They vary in 
diameter and length within certain ranges in each manu-
facturer. Since the aortic diameter often differs between the 
proximal and distal portions, there are also types of SG 
tapering from 4–10 mm. SGs are often housed in a 16–24 Fr 
size sheath in ID and navigated into the aorta except the 
devices of Gore Medical, which are wrapped in a special 
wrapping sheet, fixed at the tip of a catheter, and inserted 
in this state into the aorta. Thoracic devices characteristi-
cally have no hook for active fixation in the bare parts at 
their ends unlike abdominal devices, probably for avoiding 
aortic injuries, such as retrograde Type A dissection, and 
because of the difference in shear stress applied to the 
proximal landing part after SG placement.

  ▋ 2.1.3 Standard Treatment Procedures
Treatment begins with “preoperative planning” based on 
detailed image information obtained by modalities including 
thoracoabdominal contrast-enhanced CT. A precondition 
for treatment is the presence of a healthy and linear part in 
the aortic wall of at least 20 mm long (healthy landing area) 
on the proximal and distal sides of the target lesion: aneu-
rysm or entry. However, in aortic dissection, it is often 
necessary to use the true lumen of the dissected aortic wall 

Table 9. COR and LOE of TEVAR for Aortic Aneurysm/Dissection

COR LOE

 It is recommended to perform TEVAR for ruptured descending aortic aneurysms that fulfill the 
anatomical requirements349–353 (See Table 21) I C

 It is recommended to perform TEVAR for traumatic aortic injuries that need invasive treatment 
and fulfill the anatomical requirements354–359 (See Table 33 and Table 56) I C

 It is recommended to perform TEVAR for descending aortic aneurysms that fulfill the anatomical 
requirements (≥60 mm)341,358,360–365 (See Table 17) I C

 TEVAR should be considered for descending aortic aneurysms that fulfill the anatomical 
requirements (55–59 mm)341,358,360–365 IIa C

 Cerebrospinal fluid drainage should be considered in TEVAR for thoracoabdominal aortic 
aneurysms/dissections at a high risk for spinal cord ischemia: stent-graft length ≥200 mm, or after 
surgery for AAA366–371

IIa C

 In TEVAR with proximal Zone 2 landing, left subclavian artery reconstruction should be considered 
for preventing central nervous system damage372,373 IIa C

 In patients with aortic arch aneurysm or thoracoabdominal aortic aneurysm that is a poor indication 
for open surgery, TEVAR with branch reconstruction (hybrid treatment) should be considered374–383 IIa C

 TEVAR may be considered for descending aortic aneurysms ≥60 mm that do not fulfill the 
anatomical requirements341,360–365,384 IIb C

AAA, abdominal aortic aneurysm; COR, class of recommendation; LOE, level of evidence; TEVAR, thoracic 
endovascular aortic repair.

Figure 51.  Zoning for aortic stent graft landing and graft 
placement areas. The proximal/distal landing zones and stent 
graft deployment areas are described using this zoning 
scheme.
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as the landing area, particularly, on the distal side. The 
landing area is standardized by the zoning scheme of 
Ishimaru et al. (Figure 51). Also, as the diameter of the SG 
must be 10–30% larger than that of the aorta on which it 
lands, the diameter of the aorta to which the SG is attached 
must be ≤42 mm, in principle.

In TEVAR of proximal descending aortic aneurysm or 
Type B aortic dissection, the SG is often placed to cover 
the left subclavian artery for securing an adequate proximal 
landing area: zone 2 landing. In this case, whether the left 
subclavian artery should be closed simply or revascular-
ization should be reconstructed, such as a bypass, must be 
determined in consideration of the condition of the 
collateral flow, the possibility of the appearance of symp-
tom, and the physical condition (presence or absence of 
complications) in the patient, but reconstruction (e.g., left 
common carotid-left subclavian artery bypass) is recom-
mended from the viewpoint of brain/spinal cord nerve 
complications.372,373 In TAAA, there are times when the 
celiac artery is covered, and landing is obtained distally to 
it, but, in this case, revascularization by simple closure or 
bypassing should be considered after checking the collaterals 
(from the superior mesenteric artery). Also, in TEVAR of 
a long segment ≥200 mm, cerebrospinal fluid drainage has 
often been reported to be effective for reducing spinal cord 
nerve complications.366–371

In TEVAR, the site of sheath insertion which is often the 
femoral artery but occasionally the common iliac artery or 
abdominal aorta must be selected carefully, because the 
sheath diameter is extremely large up to 24 Fr in internal 
diameter and 27 Fr in external diameter. Also, a very stiff 
guide wire is needed for insertion of this extremely large 
sheath, and the sheath and device are inserted to the 
intended site using this wire. A pull-through wire (through-
and-through wire) is not recommended for implementation 
of simple TEVAR from the viewpoint of brain and vascular 
complications.407 Moreover, in SG deployment, a reduction 
of the cardiac output is the most effective for placing it at 
the exact position. Rapid pacing is recommended rather 
than reducing the blood pressure using drugs.389,408,409

  ▋ 2.1.4 Results and Complications
Of the 5,246 patients who underwent TEVAR in the acute 
phase in Japan in 2016 (NCD-JACSM follow-up study), 
hospital deaths were observed in 4.8%, stroke in 4.0%, and 
spinal cord injury (SCI) in 2.7%. Although no marked 
difference was observed between dissected and non-dissected 
lesions, there was a wide difference in the incidence of 
stroke between the lesions in Zone 0–2 in the landing area 
on the proximal side (arch) and those in Zone 3 or more 
distal areas (descending) (7.6% vs. 1.6%).410 The mid-term 
results after elective TEVAR in Japan were stable with 1-, 
3-, and 5-year survival rates of 80.7%, 66.9%, and 56.9%, 
and with 1-, 3-, and 5-year aneurysm-related event free 
survivals of 97.8%, 95.9%, and 94.2%, respectively.

Postoperative complications included (1) acute aortic 
syndrome represented by retrograde Type A aortic 
dissection, (2) endoleak (type I–V, Figure 52), re-entry 
flow,346 (3) stroke, (4) SCI, (5) access trouble, and (6) 
localized DIC (consumption coagulopathy).372,411–415 
Concerning (1), (3), and (4), which directly affect the 
outcome and QOL, preoperative selection of high-risk 
cases and intraoperative/postoperative preventive measures 
are necessary.341,363,366–369,378,407,414,416–422

The history of TEVAR for thoracic aortic diseases is still 

short, and further innovations may occur in indications 
and methods by comparison with open surgery and 
conservative treatments. For global comparison of TEVAR, 
data including those of indications (classification), methods, 
and follow-up in implementation of TEVAR should be 
recorded using an established format reporting standard.339

 ▋2.2 EVAR (Table 10)
  ▋ 2.2.1 Indications

EVAR has become a standard treatment for infrarenal 
AAA. The selection of open surgery or EVAR for infrarenal 
AAA that fulfills the anatomical requirements for EVAR 
still remains controversial. EVAR has been shown to be 
superior in acute phase results: mortality and adverse 
events by several RCTs,423–428 but in the late results over 10 
years, in reverse the superiority of open surgery has been 
demonstrated.317,429–436 Therefore, in patients who tolerate 
both open surgery and EVAR, EVAR is selected for those 
with more benefits in the near future, but open surgery is 

A B

Ia

Ib

II

IIIIV

V

Figure 52.  Classification of endoleak after TEVAR/EVAR.
A
I:    Perigraft blood flow from the attachment between the 

arterial wall and stent-graft (SG) 
     a: From the proximal side
     b: From the distal side
II:    Blood flow into the aneurysm due to backflow through a 

side branch of the aortic aneurysm (intercostal artery, 
lumbar artery, inferior mesenteric artery, median sacral 
artery) 

IIIa:  Blood flow into the aneurysm from the junction between 
SGs

IIIb:  Blood flow into the aneurysm due to breakage of the SG-
fabric

IV:   Leakage of blood due to porosity of SG (small holes in 
the base textile of synthetic blood vessel): endoleak that 
usually disappears with discontinuation of anticoagulant 
administration

V:    Aneurysm that shows enlargement despite the absence 
of blood flow in the aneurysm

B
Re-entry flow after closure of the entry by TEVAR
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selected for those expected to have a 10-year or longer 
survival. In patients with high risk for, or do not tolerate, 
open surgery, EVAR takes priority, but medical treatment 
should also be considered depending on age or anatomical 
conditions.437–439 Also, while EVAR cannot be recom-
mended for infrarenal AAA that does not fulfill the 
anatomical requirements set for each device; instructions 
for use (IFU), there are reports that no difference was 
observed compared with the results of EVAR not in 
compliance with IFU, and indications for EVAR should 
be evaluated individually by comparison with open surgery 
and surveillance with medical treatment.440,441,446–450

Pararenal AAA and suprarenal AAA have limited 
indications for EVAR. In patients with severe renal 
dysfunction requiring hemodialysis, EVAR is indicated for 
those in whom the proximal landing zone can be secured 
just distal to the superior mesenteric artery. However, in 
patients in whom the renal artery cannot be sacrificed, 
comparison with open surgery is required considering the 
reconstruction method: use of fenestrated/branched devices, 
use of bypasses, or use of the chimney technique, and the 
patient’s physical condition, e.g., age, presence or absence 
of complications. 315,318,343,451–458

If the bilateral iliac arteries show aneurysmal change, 
the following approaches are available: (1) reconstruction 
using an iliac bifurcated device,315,459–466 (2) reconstruction 
using an external-to-internal iliac artery bypass,315,463,467 
and (3) occlusion of the bilateral internal iliac arteries and 
use of the external iliac artery as the landing zone. However, 
without reconstruction of the internal iliac arteries, it has 
been reported that buttock claudication occurs in a maxi-
mum of 63% of the patients with unilateral internal iliac 
occlusion, and that intestinal complications such as ischemic 
colitis or ischemic intestinal necrosis occur in a maximum 
of 9% of the patients with bilateral occlusions.460,461,468 So, 
unilateral internal iliac artery reconstruction is strongly 
recommended.

For the indications of EVAR for inflammatory AAA, 
AEF (frequently aorto-duodenal), and ruptured cases, 
refer to the individual sections.

  ▋ 2.2.2 Devices
A stent-graft (SG) for EVAR is made of a self-expanding 
stent consisting of stainless steel or nitinol, and fabric 
consisting of polyester or expanded polytetrafluoroethylene. 
SG is mostly bifurcated style, some are hanging types that 
are hung from the proximal anchoring site, and others are 
designed to settle at the aortic bifurcation. Many of the 

hanging types have suprarenal stents or hooks attached at 
the proximal anchoring site for active fixation.

  ▋ 2.2.3 Procedure
In most patients, EVAR is performed by obtaining access 
via the bilateral femoral arteries, implanting a bifurcated 
style SG from the abdominal aorta to the bilateral iliac 
arteries, and excluding the aneurysm from the systemic 
blood pressure. Similarly to the thoracic region, “preop-
erative planning” is made based on detailed imaging 
examinations by modalities including thoracoabdominal 
contrast-enhanced CT, and the proximal/distal landing 
zones are determined. An undilated straight healthy neck 
with a length of ≥10–15 mm (≤32 mm) is needed on the 
proximal side, and an undilated straight landing zone with 
a length of ≥10 mm (<23 mm) is needed on the distal side. 
To connect the proximal and distal parts, a 10–30% over-
sized SG is needed. Besides the setting of these landing 
areas, there are instructions for use (IFU) concerning the 
angle of the aorta including the neck and aneurysm, the 
angle between the neck and suprarenal aorta, and diameter 
of the access route, but IFU concerning the neck on the 
proximal side is important because of its direct effect on 
the outcome.440–445

  ▋ 2.2.4 Results and Complications
In 2016, the outcomes of 9,872 cases of EVAR in the acute 
phase in Japan (NCD-JACSM follow-up study) were 
hospital death in 1.6%, aneurysm rupture in 0.18%, stroke 
in 0.4%, renal dysfunction in 3.2%, infarction in 0.9%, and 
access complications in 1.1%.

Complications after EVAR include (1) aortic/iliac 
artery injury (rupture/dissection), (2) embolism/thrombosis, 
(3) endoleak (type I–V, Figure 52), (4) renal dysfunction, 
(5) access trouble, (6) leg embolism, and (7) aneurysm 
enlargement/rupture.469

(1)  Aortic/iliac artery injury (rupture/dissection): The timing 
of treatment and methods for additional treatments 
(surgical conversion) must be evaluated according to 
the situation

(2)  Embolism/thrombosis: Large emboli induce disorders 
such as intestinal necrosis, ischemic colitis, renal 
infarction, and necrotizing cholecystitis. Cholesterol 
crystal embolism causes characteristic symptoms such 
as renal dysfunction accompanied by proteinuria and 
anorexia in 1–4 weeks, rather than immediately after 
the operation

(3)  Endoleak (type I–V): Type I and type III endoleaks 

Table 10. COR and LOE of EVAR for Aortic Aneurysm/Dissection

COR LOE

 It is recommended to perform EVAR for AAA that fulfills the anatomical requirements with the 
expectation of improving life expectancy and QOL in the early postoperative period423–428 I A

 It is recommended to perform open surgery for AAA with moderate or milder surgical risk that does 
not fulfill the anatomical requirements for EVAR I C

 Open surgery may be considered in preference to EVAR for patients with AAA who are expecting 
10 years or longer life expectancy316,317,429–436 IIb B

 EVAR may be considered for patients with asymptomatic AAA who do not tolerate open 
surgery437–439 (See Table 27) IIb B

 EVAR is not recommended for AAA with a milder or moderate surgical risk and who do not meet 
the anatomical requirements for the proximal neck440–445 III C

AAA, abdominal aortic aneurysm; COR, class of recommendation; EVAR, endovascular aortic repair; LOE, level of 
evidence; QOL, quality of life.



Circulation Journal Vol.87, October 2023

1457JCS/JSCVS/JATS/JSVS 2020 Guideline on Diagnosis and Treatment of Aortic Aneurysm and Aortic Dissection

require prompt additional treatment.343–347 If prolonged 
(6 months or longer), type II endoleak requires inter-
vention depending on the enlargement of the aneurysm 
or the decrease in the junction area348

(4)  Renal dysfunction: Renal dysfunction may be caused 
by obstruction of the renal artery by the SG, use of a 
contrast agent, and the above-mentioned embolism

(5)  Access troubles: Access troubles are likely to occur in 
small women and patients with iliac artery calcification

(6)  Leg embolism: Leg embolism is likely to be caused by 
bending in the iliac artery or landing in the narrow 
external iliac artery

(7)  Enlargement/rupture of aneurysm: Endoleak (of all 
types) may be accompanied by aneurysm enlargement. 
If type I or III endoleak is detected, prompt additional 
treatment or surgical conversion is necessary, but there 
is currently no established treatment for type II endoleak 
since it poorly responds to additional treatment and 
does not immediately lead to rupture470–474

Concerning the prognosis in the chronic phase after 
EVAR in Japan, refer to the reports of the JACSM follow-up 
study until 2015.440 Since the aneurysm is not removed by 
EVAR, serious events, such as rupture and aneurysm-
related death, are likely to occur in the chronic phase. Also, 
the incidence of such serious events does not reach a plateau 
with time after EVAR, and continuous follow-up according 
to an established format is extremely important.340

 ▋2.3 Other Endovascular Treatments
Endovascular treatments for aortic aneurysm/dissection 
other than TEVAR/EVAR include endovascular fenestra-
tion for true lumen stenosis or malperfusion and bare 
metal stent placement in the true lumen.475–481 For recom-
mendations and details, see “3. Stanford Type B Aortic 
Dissection” in Chapter VI.

PQ 6.
TEVAR/EVAR Appropriate for Renal Dysfunction/Renal 
Failure Patients?

Recommendation
TEVAR/EVAR for patients with chronic kidney disease 
has the risk of exacerbation of renal function, but this 
disadvantage does not negate the advantage of its low 
invasiveness. However, it is important to prevent the 
occurrence of acute kidney injury and contrast medium-
induced nephropathy.

Surgical Results: In invasive treatment for aortic aneurysm 
in chronic kidney disease (CKD) patients, the mortality 
rate and postoperative complications increase with 
progression of CKD regardless of whether the procedure 
is EVAR, TEVAR, or open surgery.482–485 The results of 
both EVAR and open surgery were poorer in patients with 
stage 4 or more advanced CKD (eGFR: ≤29 mL/min/ 
1.73 m2) than in those with stage 3 or less advanced CKD, 
but no difference was noted between the two procedures. 
However, in stage 3 (eGFR: 30–59 mL/min/1.73 m2) the 
mortality rate and incidence of cardiovascular events and 
acute kidney injury (AKI) were significantly higher after 
open surgery,482 and EVAR is more advantageous than 
open surgery in moderate CKD.
The use of Contrast Agents and the Occurrence of AKI: In 

TEVAR/EVAR, contrast medium-induced nephropathy 
(CIN) must always be kept in mind as a major cause of 
postoperative AKI. Risk factors for CIN include CKD, old 
age, anemia, diabetes, chronic heart failure, dehydration, 
and the use of nephrotoxic drugs,486 and the risk of the 
occurrence of CIN is proportionate to the amount of the 
contrast agent used.487 In addition to CIN, perioperative 
hemodynamic changes and microembolism associated with 
intraoperative manipulations are also important factors for 
AKI.488 Devices with a suprarenal stent have been reported 
to have no effect on renal function,489–491 but caution is 
needed in their placement for suprarenal thrombosis.487 
AKI is an important prognostic factor after TEVAR/
EVAR,492,493 and attention to careful intraoperative catheter 
manipulation, appropriate device selection, amount of the 
contrast agent used, and perioperative management is 
necessary. Although the incidence of postoperative AKI 
including CIN tends to be higher in CKD patients,483 there 
is no sufficient evidence concerning its incidence, relation-
ship with invasive treatments, or the upper limit of the 
amount of the contrast agent used.
Prevention of CIN: Generally, CIN is defined as an increase 
in the serum creatinine level of ≥0.5 mg/dL or ≥25% within 
72 h after the administration of iodine-based contrast 
material compared with the pre-administration level.494 
Besides a reduction in the use of the contrast agent, the 
administration of physiological saline before and after the 
procedure has been reported to be useful for the prevention 
of CIN,495 but further evaluation is necessary about the 
appropriateness and amount of fluid infusion because a 
recent RCT has reported no difference in the incidence of 
CIN and adverse events associated with fluid infusion in 
CKD patients.496 In addition, CO2 angiography may be 
performed in CKD patients,497 but as conventional contrast 
agents are superior in resolution, and as CO2 is associated 
with the risk of embolism, its indications are limited.
Postoperative Renal Function: Regardless of the occurrence 
of AKI/CIN or whether the patient has CKD, there have 
been no reports that referred to the long-term effects of 
TEVAR/EVAR on renal function. It has been reported that 
the early occurrence of AKI was observed less frequently, 
but the decline in renal function was more notable, in the 
EVAR group than in the open surgery group.498,499 One 
reason is the frequent implementation of contrast-enhanced 
CT for postoperative follow-up.499 In CKD patients, it is 
recommended to reduce contrast-enhanced CT to the 
minimum necessary level and to evaluate non-contrast-
enhanced modalities such as abdominal ultrasonography, 
unenhanced CT, and MRI.

3. Open Surgery

 ▋3.1 Prosthetic Graft Replacement
The major goal of open surgery for aortic aneurysm and 
dissection is to prevent the crisis of life due to the failure of 
the aortic wall. Other goals include the release of contiguous 
organ compression caused by aortic aneurysm,500 improve-
ment of malperfusion, and prevention of embolism.501 The 
basis of open surgery is the replacement with a prosthetic 
graft. In recent years, SG deployment (TEVAR/EVAR) 
has been performed in cases where prosthetic graft 
replacement is difficult; however, prosthetic graft and SG 
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are used in combination as a hybrid treatment (treatment 
combining open surgery and TEVAR/EVAR) in some 
cases.

Prosthetic grafts are roughly classified into those made 
of polypropylene and those made of ePTFE (expanded 
polytetrafluoroethylene). Prosthetic grafts designed 
according to the anatomy from the aortic root to the 
abdominal aorta are available for use. Homografts, which 
have been used since before the advent of prosthetic grafts, 
are used particularly for infectious lesions.502 There have 
recently been reports of the replacement with a conduit 
made of a heterologous pericardium for infectious lesions; 
however, its long-term results are unknown.503–505

Surgery of forming the aortic wall to reduce the aortic 
diameter and surgery of covering the aorta with felt or 
prosthetic graft (wrapping) may also be performed.506–509 
The surgery of wrapping the aortic root (external aortic 
root support) has also been reported in the recent years.510 
However, caution is needed as there was a report that it 
causes necrosis of tissue.511 With the increase in TEVAR/
EVAR, prosthetic graft replacement after SG deployment 
(open conversion) is increasing, and some have reported 
difficulty in terms of procedures.448,512–514 When removal of 
all SG is difficult, part of the cut SG must be left; however, 
its long-term effect is unknown. An extra-anatomical 
bypass is also performed as needed.

In principle, anticoagulation therapy after prosthetic 
graft replacement is not necessary. A pseudoaneurysm is 
known to develop at the anastomotic site long after surgery, 
and a follow-up by regular diagnostic imaging with CT or 
MRI is desirable, which also confirms the presence or 
absence of new lesions.

 ▋3.2 Extracorporeal Circulation and Organ Protection
Extracorporeal circulation is, in principle, essential for 
aortic surgery from the aortic root to the ascending/arch 

region. Additionally, a cardioplegic method according to 
cardiac surgery is essential. Extracorporeal circulation is 
also used for aortic surgery of the descending to thoracoab-
dominal regions. Extracorporeal circulation is not required 
for the surgery of infrarenal AAA. During replacement, 
the lesion is resected after aortic cross-clamping, followed 
by reconstruction with a prosthetic graft. When aortic 
cross-clamping is difficult, extracorporeal circulation is 
used, and hypothermic therapy is performed in combination 
for circulatory arrest, after which the aorta is opened (open 
aortic technique) for the resection or anastomosis of the 
lesion. Organ damage is of the greatest concern when 
performing the circulatory arrest method or extensive aortic 
replacement, and selective extracorporeal circulation with 
perfusion to each organ is used as needed.

 ▋3.3 In-Hospital Mortality Rate
According to the report of the Japanese Association for 
Thoracic Surgery,43 the in-hospital mortality rates of aortic 
dissection surgery in 2016 were 11.3% for acute Type A 
dissection, 10.0% for acute Type B dissection, 4.3% for 
chronic Type A dissection, and 3.8% for chronic Type B 
dissection. In addition, the in-hospital mortality rates of 
non-dissecting aortic surgery in non-ruptured cases were 
3.0% for the ascending region, 4.1% for the root region, 
6.2% for the arch region, 5.5% for the descending region, 
and 9.6% for the thoracoabdominal region. The mortality 
rates in ruptured cases were 17.0% for the ascending 
region, 19.2% for the root region, 16.9% for the arch 
region, 29.7% for the descending region, and 28.6% for the 
thoracoabdominal region.

According to the report of the Japanese Society for 
Vascular Surgery,515 AAA surgery was performed in 
19,216 cases in 2014, and the in-hospital mortality rates 
were 3.2% for all cases, 1.2% for non-ruptured cases, and 
19.7% for ruptured cases.

V. Treatment for Aortic Aneurysm

1. Thoracic Aortic Aneurysm (TAA)

 ▋1.1  Medical Treatment and Indications for Invasive 
Treatment (Table 11)

  ▋ 1.1.1 Epidemiology and Position of Medical Treatment
In Sweden, the frequency of TAA was 489 per 100,000 
autopsies in men and 437 per 100,000 autopsies in 
women.517,518 Several cases of TAA are asymptomatic, and 
it is detected incidentally during medical check-ups or close 
examinations for other diseases. However, reports on the 
medical treatment of TAA have been few since invasive 
treatment is generally selected at the time of its detection, 
and most reports are related to its difficult surgical cases, 
the natural history of its rejected surgical cases, or retro-
spective investigation of its ruptured cases. The medical 
treatment of TAA aims to minimize the shear stress and 
impact force on the aortic wall, suppressing further 
enlargement of the aneurysm. In addition, regardless of 
surgical and non-surgical cases, patients with TAA often 

have atherosclerotic risk factors, such as hypertension, 
dyslipidemia (especially hypercholesterolemia), diabetes 
mellitus, hyperuricemia, obesity, and smoking. Therefore, 

Table 11. COR and LOE for the Medical Treatment of 
Thoracic Aortic Aneurysm

COR LOE

 It is recommended to perform blood pressure 
management with a target blood pressure 
below 130/80 mmHg10

I C

 It is recommended to give guidance for 
smoking cessation516 I C

 Surveillance using imaging examinations (CT 
or MRI) should be considered (once a year if 
the aneurysm shows no enlargement of its 
diameter, or once every 3–6 months if the 
aneurysm shows an enlargement of its 
diameter)95,516

IIa C

COR, class of recommendation; CT, computed tomography; 
LOE, level of evidence; MRI, magnetic resonance imaging.
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for a better life prognosis, it is highly important to fully 
instruct patients about these risk factors and improve their 
lifestyle, including smoking cessation.95,516,519,520

  ▋ 1.1.2 Blood Pressure Control
Blood pressure control is of utmost importance, and 
decompression can suppress stress on the aortic wall. The 
desired hypotensive target for TAA patients is a systolic 
blood pressure of 105–120 mmHg;10 however, in reality, 
blood pressure below 130/80 mmHg is considered an 
appropriate target, considering the risk of developing 
hypotension. Antihypertensive therapy with β-blockers is 
the first treatment choice for TAA patients.10,95,521 However, 
if their blood pressure cannot be sufficiently lowered even 
with the maximum dose of β-blockers, other antihyperten-
sive drugs are additionally administered as appropriate to 
reduce their blood pressure to the target level. Nevertheless, 
several recommendations are based on the clinical studies 
of non-surgical TAA patients with Marfan syndrome, and 
it is unclear whether they can be applied to non-Marfan 
syndrome patients, such as those with atherosclerotic TAA.

a. β-Blockers
β-blockers are the first-line drugs for TAA patients, as their 
negative inotropic effect suppresses left ventricular contrac-
tion and shear stress, reducing the impact force applied to 
the aortic wall.522 In an RCT of non-surgical TAA patients 
with Marfan syndrome, a β-blocker (propranolol) was able 
to suppress the enlargement rate of the aneurysm by 73%, 
significantly reducing the incidence of aortic events and 
mortality rate.277 Although it is unclear whether TAA 
patients without Marfan syndrome exhibit similar results, 
the administration of β-blockers is considered as appropriate.

b. ACE inhibitors and ARBs
The role of the renin-angiotensin pathway in the formation 
of an arterial aneurysm has been elucidated in animal 
studies.523–525 ACE inhibitors may suppress the enlargement 
of aneurysms by modulating inflammatory mediators and 
reducing apoptosis in vascular smooth muscle.526 ARBs 
may suppress the enlargement of arterial aneurysms by 
regulating TGF-β in arterial aneurysm patients with 
Marfan syndrome.527,528 In a non-randomized trial of 
young patients with Marfan syndrome exhibiting the 
enlargement of the aortic root, ARBs significantly reduced 
the enlargement rate of aortic diameter.527 Moreover, a 
study using the mouse model showed the superiority of 
ARBs over ACE inhibitors in suppressing the enlargement 
of aortic diameter.

c. Statins
While most studies on statins focus on AAA, statins may 
effectively suppress the enlargement of aneurysms by 
suppressing matrix metalloproteinases and plasminogen 
activators.529 Moreover, patients taking statins were 
reported to have a lower mortality rate and a lower inci-
dence of complications than those not taking statins, 
improving their surgery-avoidance rate.529

  ▋ 1.1.3 Exercise Restriction and Lifestyle Guidance
Guidance to avoid smoking, overeating/overdrinking, 
overwork, lack of sleep, and psychological stress is provided 
to patients with TAA. In addition, sudden isotonic exercises 
that cause a rapid increase in blood pressure, such as lifting 
and pulling heavy objects, should be avoided because the 

shear stress of the aortic aneurysmal wall can change 
significantly during such exercises due to alteration in 
hemodynamics.530 Non-surgical TAA patients may be 
complicated by aortic dissection, and although it is thought 
to develop at normal exercise intensity regardless of exertion 
or rest in most cases, a small number of patients develop 
aortic dissection during isotonic exercise.531 Additionally, 
guidance to pay attention to straining during defecation 
and persistent coughing is given to patients with TAA as 
it causes a sudden increase in blood pressure. Aerobic 
exercises, such as mild running and use of the exercise bike, 
are acceptable if the systolic blood pressure is confirmed 
not to exceed 180 mmHg during exercise stress, such as 
the treadmill, while taking a sufficient amount of antihy-
pertensive drugs.10

  ▋ 1.1.4 Determining the Limit of Medical Treatment
It is difficult to predict the time of rupture of TAA and the 
enlargement rate of the aneurysm diameter. The risk factors 
for its rupture include descending/abdominal aortic 
diameter, advanced age, pain, and COPD. In addition, the 
yearly incidences of cardiovascular events are 6.5% for 
TAA with a diameter of 50–60 mm and 15.6% for TAA 
with a diameter of 60 mm or larger.118 The enlargement 
rate of aneurysm diameter in TAA patients without Marfan 
syndrome or other aortitis is 4 mm/year.118 Therefore, after 
the medical treatment mentioned above is given, changes 
in the aneurysm diameter (maximum minor axis) and 
shape are regularly evaluated by CT/MRI examination, 
and invasive treatment intervention is considered if the risk 
of rupture or mortality rate is determined to outweigh the 
risk of invasive treatment intervention.

  ▋ 1.1.5 Imaging Follow-up
In principle, CT/MRI examination of TAA is again 
performed 6 months after the initial imaging taken at the 
time of its detection, and if it shows no significant change 
in the aneurysm diameter, the patient is followed up with 
yearly imaging examinations.532 A follow-up of every 3–6 
months is desired for TAA exhibiting rapid enlargement. 
Patients exhibiting enlargement of the aortic root or 
ascending aorta require an examination of the presence of 
aortic valve regurgitation and bicuspid valve by echocar-
diography.533 Follow-up intervals should be modified 
depending on the size of the aortic aneurysm, and the 
following are recommended:95

(1)  Patients with an aortic root/ascending aortic aneurysm: 
Every 6–12 months for an aneurysm of diameter 
between 35 and 45 mm, and every 3–6 months for an 
aneurysm of diameter between 45 and 55 mm

(2)  Patients with an aortic root/ascending aortic aneurysm 
suspected of having heritable connective tissue disorder: 
Every 6–12 months for an aneurysm of the diameter of 
35–40 mm, and every 3–6 months for an aneurysm of 
the diameter of 40–50 mm

(3)  Patients with a thoracic arch/descending aortic aneu-
rysm: Every 12 months for an aneurysm of size smaller 
than 45 mm, and every 3–6 months for an aneurysm of 
the size of 45–55 mm

  ▋ 1.1.6 Indications for Invasive Treatment
The probability of facing a fatal situation within 1 year is 
15.6% for aneurysms with a diameter of at least 60 mm and 
6.5–11.8% for aneurysms with a diameter of 50–60 mm.118 
Thus, invasive treatment (open surgery or TEVAR) is 
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considered for rapidly enlarging aneurysms, which generally 
have a thoracic maximum minor axis of at least 55 mm or 
enlarge by at least 5 mm in 6 months.

For patients with heritable connective tissue disorders, 
such as Marfan syndrome, congenital bicuspid valve, and 
coarctation of the aorta, invasive treatment is considered 
if the diameter of their aneurysm exceeds 45 mm. Attention 
must be paid to the shape of saccular aortic aneurysms 
as they have a high risk of rupture even if their diameter is 
not large.

  ▋ 1.1.7 Evaluation of Heritable/Familial TAA
Heritable or familial aortic diseases are evaluated if the 
patient has TAA, especially early-onset TAA, or if the 
enlargement and dissection of the aorta are found within 
the first degree of the patients who have been diagnosed 
with an aortic aneurysm. Moreover, relatives of TAA 
patients within the first degree develop TAA at a probability 
of 20%.534

PQ 7.
At What Size (Millimeters in Diameter) Is a TAA Indicated 
for Invasive Treatment?

Recommendation
In the aortic root/ascending aorta, the indication criteria 
for invasive treatment (surgery or TEVAR) are set to an 
aortic diameter of ≥55 mm for TAA without hereditary 
aortic diseases, ≥55 mm for TAA with congenital bicuspid 
aortic valve (without the risk factors of aortic dissection or 
combined open heart surgery), ≥45–50 mm for TAA with 
Marfan syndrome, and ≥40 mm for TAA with Loeys-Dietz 
syndrome. In the aortic arch or lower, the indicative criteria 
are set to an aortic diameter of ≥55 mm for TAA in the 
arch region (without hereditary aortic diseases) and 

≥60 mm for TAA in the descending/thoracoabdominal 
region. However, treatment at a smaller diameter may be 
desired depending on the background of the patient 
(Table 12, Table 49, and Table 52).

Indications for invasive treatment are determined by the 
balance between the risk of rupture and the risk of treatment.

The risk of aneurysm rupture is influenced mainly by the 
aortic diameter and the presence of hereditary aortic 
diseases, as well as the shape and enlargement rate of the 
aneurysm. In addition, dissection is more likely to occur 
as the aorta enlarges. The occurrence rate of rupture or 
dissection is 7.1% for the aorta with a diameter below 
40 mm, 8.5% for 40–50 mm, 12.8% for 50–60 mm, and 45.2% 
for 60 mm or larger.535 The probability of the occurrence of 
complications, such as dissection and rupture, was found 
to increase sharply when the diameter exceeds 60 mm in 
ascending aortic aneurysms and 70 mm in descending 
aortic aneurysms (Figure 53).535 The coefficient obtained 
by dividing the aortic diameter or cross-sectional area by 
height (≥4.35 cm/m, ≥10 cm2/m) represents a risk factor of 
aortic events in patients with ascending aortic aneurysm/
enlargement.535a,535b Moreover, because the coefficient was 
suggested to be involved in poor results in females, early 
intervention is considered for patients with short stature.

Hereditary aortic diseases include Marfan syndrome, 
Loeys-Dietz syndrome, Ehlers-Danlos syndrome, familial 
thoracic aortic diseases, and congenital bicuspid aortic 
valve, and patients with higher tissue fragility have a smaller 
aortic diameter, which is an indication for treatment. 
With regard to shape, saccular aneurysms have a higher 
probability of rupture than fusiform aneurysms. Thus, the 
shape of an aneurysm is examined by diagnostic imaging, 
such as CT examination, and it is used as a reference for 
indication decisions and follow-up. In contrast, TAA has 
an aneurysm diameter enlargement rate of less than 5 mm/

Table 12. COR and LOE of Open Surgery for Unruptured Aneurysms of the Aortic Root/Ascending Aorta

COR LOE

 Open surgery is recommended for asymptomatic non-dissecting aneurysm, IMH, PAU, infected 
aneurysm, or pseudoaneurysm with ≥55 mm in maximum diameter or even those <55 mm if the 
enlargement rate is ≥5 mm/6 months384

I C

Marfan syndrome (See Table 49)

Open surgery is recommended when the maximum diameter is ≥50 mm536 I C

 Open surgery should be considered when the maximum diameter is ≥45 mm and there are risk 
factors for aortic dissection* 536 IIa C

 Prophylactic open surgery should be considered in women expecting pregnancy if the maximum 
diameter is ≥40 mm537 IIa C

 Open surgery may be considered if the maximum diameter is 40–45 mm and there are risk factors 
for aortic dissection* 536 IIb C

Aortic aneurysm associated with bicuspid aortic valve (See Table 52)

Open surgery is recommended when the maximum diameter is ≥55 mm538–542 I C

 Open surgery should be considered when the maximum diameter is ≥50 mm if it is performed at 
an experienced facility for patients with a familial history of aortic dissection, an enlargement rate 
of ≥5 mm/6 months, and low surgical risk538,539,543

IIa C

 In performing aortic valve surgery in patients with severe aortic valve stenosis or insufficiency, 
simultaneous replacement of the aortic root/ascending aorta should be considered when the 
maximum diameter is ≥45 mm544–548

IIa C

*Familial history of aortic dissection, an enlargement rate of the aorta ≥5 mm/6 months, severe aortic valve 
insufficiency, expecting pregnancy. COR, class of recommendation; IMH, intramural hematoma; LOE, level of 
evidence; PAU, penetrating atherosclerotic ulcer.
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year, which increases as the aneurysm diameter enlarges. 
The aneurysms that enlarge by 5 mm or more in half a year 
are likely to rupture, and it should be used as a reference 
when setting the follow-up period. For example, an aneu-
rysm with a diameter of smaller than 50 mm is re-examined 
by CT 6 months after its initial imaging and should be 
followed up annually if it then shows no enlargement. 
However, aneurysms may rupture even if the above criteria 
are not met. The factors involved in such rupture include 
strenuous exercise, psychological stress, seasons and time 
zones, circadian variation of hypertension, and sleep 
disorders. In addition, the enlargement rate of TAA is 
increased by the presence of sleep apnea. Since the indica-
tion criteria may become inadequate due to the effects of 
these factors, we must make efforts to treat factors that can 
be treated during follow-up and to avoid “avoidable 
events” through patient education and other approaches if 
enlightenment is effective.

With the improvement in treatment results, even 
aneurysms with a smaller diameter are now indicated for 
invasive treatment. According to the 2016 annual report 
of the Japanese Association for Thoracic Surgery,43 the 
in-hospital mortality rate in surgical cases of non-dissecting 
aortic aneurysm is 2.9–6.9% (including the ascending-
thoracoabdominal aorta and TEVAR), and the aneurysms 
whose rupture risk is greater than this value are generally 
indicated for treatment. However, this is merely statistical 
information, and the surgical risk should be determined for 
each case. As nearly 100% of cases have been registered in 
the database in recent years, we can now calculate the 
surgical risks from background factors. With the aging of 
patients, the surgical risks can be increased by medical and 
medication histories and frailty, and thus, other consider-
ations, such as selecting a less invasive treatment while the 
aorta is still small, are also needed.

 ▋1.2 Unruptured Thoracic Aortic Aneurysm
  ▋ 1.2.1  Aneurysms of the Aortic Root/Ascending Aorta 

(Table 12)
a. Standard Surgical Procedure
The surgical procedure is determined in consideration of 
factors including the extent of aneurysmal changes 
(enlargement), severity of the aortic valve disease, the 
diameter of the sinus of Valsalva, and etiology/pathology 
of the aneurysm (inherited connective tissue disorder, 
inflammatory diseases, or dissection). Surgery of the aortic 
root is divided into several procedures basically consisting 
of replacement by a composite graft with a mechanical or 
biological valve (Bentall procedure), allograft (homograft), 
xenogeneic aortic valve, pulmonary autograft (Ross procedure) 
and valve-sparing aortic root replacement (VSRR).

The modified Bentall procedure, by which the coronary 
artery is reconstructed using a Carrel patch button tech-
nique,549 is considered the standard procedure, but biological 
materials, such as allograft (homograft), stentless valve, and 
autologous pulmonary artery, are selected for conditions, 
such as endocarditis accompanied by annulus abscess.550 
An RCT that compared allograft (homograft) replacement 
and Ross procedure reported in 2010 concluded that the 
long-term results were slightly inferior in the homograft 
group (Class Ib) but that both procedures were durable.551

If there are no abnormal aortic pathologies, such as 

aneurysmal change, dissection, inflammation, or infection 
in the aortic root, ascending aortic replacement alone is 
indicated. While valve replacement may be performed 
simultaneously depending on the degree of the aortic valve 
disease, in aortic valve insufficiency associated with dilata-
tion of the sino-tubular junction (junction between the 
sinus of Valsalva and ascending aorta) (type Ia according 
to the classification reported by Boodhwani, El Khoury, et 
al.552), aortic regurgitation can be controlled by sino-tubular 
junction plication.553 The aortic valve commissural resus-
pension for acute aortic regurgitation due to dissection is 
discussed in the section on aortic dissection (“2. Stanford 
Type A Aortic Dissection” in Chapter VI). Although 
wrapping of the ascending aorta is an option, primarily, 
for high-risk patients, long-term results are scarce, and the 
procedure is not a common choice at the moment.506,507

Concerning distal anastomosis, open distal anastomosis 
without aortic cross-clamping is often performed in aortic 
dissection,554 but it is usually performed with aortic 
cross-clamping for a true aneurysm. However, if aortic 
cross-clamping at the proximal level of the brachiocephalic 
artery is risky or impossible, or if the aorta is enlarged at 
the clamping site, open distal anastomosis is selected. 
Although there are no established criteria for the indication 
for the latter procedure, open distal anastomosis is often 
indicated in patients with inherited connective tissue 
disorders, such as Marfan syndrome, to resect the aortic 
cannulation site or clamping site of the aorta, where dis-
section may develop in the future. However, an additional 
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Figure 53.  Diameter of thoracic aortic aneurysms and the 
incidence of complications, such as dissection and rupture. 
(Adapted from Coady MA, et al. 1997.535) Copyright (1997) 
Mosby-YearBook, Inc., with permission from Elsevier. https://
www.sciencedirect.com/journal/the-journal-of-thoracic-and-
cardiovascular-surgery.
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brain protection method is required in open distal anasto-
mosis, and indication must be carefully evaluated by 
considering the risk of perioperative cerebral complications.

b. Coronary Artery Reconstruction Methods
The following are major coronary artery reconstruction 
methods.
(1)  Original Bentall procedure of anastomosing the ostia 

of the coronary artery directly to the prosthetic graft 
using inclusion technique555

(2)  Button Bentall (modified Bentall) procedure of suturing 
the coronary button to the prosthetic graft with a 
Carrel patch549

(3)  Cabrol procedure of reconstructing by interposing the 
bilateral coronary arteries using a single small-diameter 
prosthetic graft556

(4)  Piehler procedure of utilizing a short interposed graft 
between coronary ostia and composite graft557

(5)  For the left coronary artery reconstruction, Svensson’s 
technique utilizing a short interposed graft between the 
left coronary ostia and composite graft, which is placed 
posterior side of the prosthetic graft558

The original Bentall technique is a devised procedure to 
control bleeding by wrapping the composite graft using the 
residual aortic wall. As pseudoaneurysms often develop at 
the coronary anastomosis site, the procedure is not used 
today. The Cabrol procedure has the risk of prosthetic graft 
occlusion,559 and, recently, the button Bentall technique is 
widely performed.549 In patients in whom the coronary 
artery is difficult to be mobilized due to reoperation, and 
inflammation, the Piehler procedure or Svensson procedure, 
by which a prosthetic graft is interposed, is effective.557,558 
Refer to the Guidelines for the Treatment of Valvular 
Disease560 by the Japanese Circulation Society for the selec-
tion of prosthetic valves for aortic valve replacement in 
aortic root replacement and ascending aortic replacement.

c. Valve-Sparing Root Replacement (VSRR)
VSRR is divided into Yacoub’s remodeling561,562 and 
David’s reimplantation method.563 Each has its advantages 
and disadvantages, but the latter is more widely adopted, 
because reliable annular fixation is possible, aortic regur-
gitation is easier to be controlled, and volume of bleeding 
is less. In the 2000s, the importance of the function of the 
sinus of Valsalva was proposed with respect to the durability 
of the native aortic valve, and there have been major 

advances, such as the development of specially designed 
prosthetic grafts imitating the sinus Valsalva564 and modi-
fication of the surgical procedure565–567 and advanced 
approaches to acute Type A dissection accompanied by 
severe root dissection.568–571 The advantages of VSRR 
compared with the Bentall procedure which is regarded as 
the standard procedure, including no need for anticoagulant 
therapy and fewer hemorrhagic complications, the absence 
of synthetic valve-related complications, and larger valve 
orifice area under the physiologic condition. Concerns 
include that it requires a high level of surgical skill, that the 
surgical risk increases with the duration of aortic clamping 
time, and that the long-term durability of native aortic 
valves is unknown.

Recently, high-precision comparison of the Bentall 
procedure and VSRR has been performed. In a meta-
analysis of patients with Marfan syndrome, the incidences 
of thromboembolism, bleeding, and infective endocarditis 
were lower, and the survival rate was higher, in the VSRR 
group.572 Also, while mechanical valve Bentall procedure is 
the gold standard by propensity score-matched comparison, 
the bioprosthetic valve Bentall procedure and VSRR have 
been reported to be useful for avoiding anticoagulant 
therapy.573 According to comparison of mechanical valve 
Bentall procedure, bioprosthetic valve Bentall procedure, 
and VSRR by David et al., the survival rate and valve-
related event-free rate were significantly higher by VSRR 
than by the Bentall procedure, the aortic valve reoperation 
rate after VSRR was significantly lower than that after 
bioprosthetic Bentall procedure and did not differ compared 
with the mechanical valve Bentall procedure.574 Further-
more, in a study that compared postoperative QOL using 
SF-36, better QOL was obtained by VSRR regarding 
mental and physical health and valve related murmur.575 
To summarize, the Bentall procedure remains the standard 
procedure of aortic root replacement, but VSRR by an 
experienced surgeon in young patients with root enlarge-
ment is recommended with class I recommendation and 
level C evidence.576

  ▋ 1.2.2 Aortic Arch Aneurysm
a. Open Surgery (Table 13)
Open surgery is indicated for patients with an aneurysm 
diameter of 55 mm or larger,535 patients with symptoms, 
such as pain, and patients with symptoms due to compres-
sion of surrounding organs (such as dysphagia and 

Table 13. COR and LOE for Open Surgery for Unruptured Aortic Arch Aneurysm

COR LOE

 It is recommended to take measures to prevent stroke and higher brain dysfunction577–585 I B

Open surgery should be considered if the maximum diameter is ≥55 mm535 IIa C

 Total aortic arch replacement, with combined use of ET method as appropriate, should be 
considered for aortic aneurysms covering the entire aortic arch, chronic dissecting aortic arch 
aneurysms, and distal aortic arch aneurysms, including proximal descending aortic 
aneurysms586–589

IIa B

 The concomitant operation of CABG should be considered for patients with a coronary artery 
lesion of significant stenosis95 IIa C

 ASCP/SCP or RCP, in addition to hypothermic circulatory arrest, should be considered to 
minimize cerebral disorders577–585 IIa B

ASCP/SCP, anterograde selective cerebral perfusion; CABG, coronary artery bypass grafting; COR, class of 
recommendation; ET, elephant trunk; LOE, level of evidence; RCP, retrograde cerebral perfusion.
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hoarseness). Even if their diameter is smaller than 55 mm, 
aneurysms are indicated for open surgery when the adjacent 
ascending or descending aorta requires surgery96 or when 
they are of the saccular type. Aortic arch replacement has 
been established as a standard treatment for aortic arch 
aneurysms because of its favorable treatment results,590 
together with the development of surgical techniques 
and the cerebral protection method, as well as the stan-
dardization of treatment strategies associated with such 
development.95 Coronary artery bypass grafting (CABG) 
is performed concomitantly in patients with significant 
coronary artery lesions.95

Most surgeries of an arch/distal aortic arch aneurysm 
are performed with median sternotomy because of its 
advantages, including the ease to establish extracorporeal 
circulation, reliable protection of the brain and heart, 
capability of performing cardiac surgery simultaneously, 
and avoidance of lung compression maneuvers, while left 
thoracotomy is performed in cases of, for example, distal 
aortic arch aneurysm that extends to the peripheral side.591 
If necessary, an extensive replacement can be performed in 
one stage using median sternotomy + separate left thora-
cotomy, median sternotomy+partial transverse sternal 
incision + left thoracotomy (door open), or bilateral thora-
cotomy + sternal transverse incision. However, because of 
the high invasiveness of the procedures involving left 
thoracotomy, staged surgery is often selected recently. In 
the first stage of the surgery, focusing only on the proximal 
aorta replacement that can be approached by median 
sternotomy, a prosthetic graft is inserted into the aneurysm 
remaining on the peripheral side using the ET method.586–589 
In the second stage, descending replacement using ET or 
TEVAR is performed to reduce the treatment risk.

The open stent graft (frozen elephant trunk, FET) method 
has also become widely used in the recent years, in which 
a stent graft is inserted into the peripheral aorta, instead of 
ET of a prosthetic graft, during circulatory arrest.592 Since 
this can replace the anastomosis distal to the aortic aneu-
rysm with a stent graft, it is a useful procedure with the 
advantages of the ability to treat an extensive aortic arch 
aneurysm in one stage without a left thoracotomy and the 
ability to achieve peripheral anastomosis at a shallower 
position than the conventional method. On the other hand, 
its high SCI complication rate has been pointed out.593 
Deep insertion up to the level of the 9th thoracic vertebrae 
and beyond and perioperative hypotension are the risk 
factors of SCI,594 against which preventive measures must 
be taken.

Preventive measures for stroke and higher brain 
dysfunction are highly important in the surgery of the aortic 
arch, and treatment results have been improved by mini-
mizing cerebral disorders.577–585 Thus, anterograde cerebral 
perfusion (SCP)596,597 or retrograde cerebral perfusion 
(RCP) is added598,599 to hypothermic circulatory arrest595 
during arch reconstruction,

Depending on the range of aortic reconstruction, the 
procedure can be divided into hemiarch replacement, 
partial arch replacement, which partially replaces the arch 
branches, and total arch replacement, which replaces all 
the arch branches. In hemiarch replacement, due to its 
limited circulatory arrest time, anastomosis is performed 
from the peripheral side under cerebral protection, mainly 
using hypothermic circulatory arrest or RCP (SCP may 
also be used). The partial arch replacement that replaces 
only the brachiocephalic artery is useful for ascending 

aortic aneurysms, including the proximal aortic arch. In 
total arch replacement, the stepwise method600 allows a 
reliable peripheral anastomosis with a clear field of view. 
Although aortic arch replacement using the island technique 
had been performed, recently aortic wall and origins of 
supra-aortic vessels, which often have poor properties, are 
resected and individually reconstructed using a branched 
prosthetic graft designed for surgical procedures involving 
the aortic arch in consideration of ease of hemostasis.597

With regard to the order of anastomosis under SCP, the 
distal aorta is first anastomosed to resume circulation of 
the body, followed by proximal aortic anastomosis and 
reconstruction of the arch branches. However, when 
anastomosis of the left subclavian artery is difficult, it is 
often performed prior to the proximal aortic anastomosis. 
A branched graft may also be anastomosed to the left 
axillary artery exposed by another skin incision without 
reconstructing the left subclavian artery in the thoracic 
cavity. In RCP, due to its limited cerebral protection time, 
the arch first technique is used, in which the arch branch is 
first reconstructed, followed by distal and proximal aortic 
anastomosis.601,602 Deep hypothermia (below 20°C) was 
the indicator of core body temperature (bladder or rectal 
temperature) during distal anastomosis (lower body 
circulatory arrest); however, moderate hypothermia at 
approximately 25–28°C has become widely referred to the 
recent years.603

b. Endovascular Treatment (Table 14)
i. Hybrid TEVAR
In many patients, aortic arch aneurysms cannot be treated 
by usual TEVAR alone because of the concern over post-
operative endoleak due to graft placement in a curved area 
and the necessity to secure the blood flow of cervical 
branches. The first-line treatment for aortic arch aneurysms 
is total arch replacement, and TEVAR is considered only 
in elderly patients or patients in whom the risk of open 
surgery is high-risk. TEVAR is performed by inserting a 
stent graft (SG) after revascularization of the cervical branch 
to be occluded by bypass grafting via a non-anatomical 
approach to secure a landing zone. This procedure is 
generally called hybrid TEVAR (Figure 54).379,605,612–619

Hybrid TEVAR is divided into total debranching 
TEVAR and partial debranching TEVAR. In total 
debranching TEVAR, all 3 arch branches are reconstructed 

Table 14. COR and LOE of Endovascular Treatment for 
Unruptured Aortic Arch Aneurysms

COR LOE

 For patients at high risk for open surgery, 
TEVAR using fenestrated stent grafts,604 
TEVAR with branch reconstruction (hybrid 
TEVAR),379,605,606 or TEVAR using in situ 
fenestration607–609 is recommended*

IIa C

 For patients at high risk of open surgery, 
TEVAR using the chimney technique may be 
considered610,611

IIb C

 For patients at low risk for open surgery, hybrid 
TEVAR is not recommended612,613 III B

*In situ fenestration TEVAR should be performed only in high-risk 
surgical patients at facilities and by surgeons skilled in TEVAR and 
catheterization of aortic branches. COR, class of recommendation; 
LOE, level of evidence; TEVAR, thoracic endovascular aortic 
repair.
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by a median sternotomy, and the aneurysm is excluded 
with SG. The ascending aorta is often used as the major 
inflow channel, but replacement of the ascending aorta 
may be performed first if its condition is poor. In partial 
debranching TEVAR, thoracotomy is often unnecessary, 
and the aneurysm is excluded with SG after reconstruction 
of the cervical branches other than the brachiocephalic 
artery (e.g., carotid artery-carotid artery-left subclavian 
artery bypass). In debranching of the cervical branches, 

there is the possibility of induction of cerebral infarction 
by partial clamping of the ascending aorta, clamping of the 
carotid artery, manipulations associated with landing or 
embolism of atherosclerosed vessels.379,407,620 For this reason, 
the incidences of perioperative cerebral infarction and 
retrograde Type A aortic dissection are higher than in distal 
aortic arch aneurysms, which can be treated by covering 
the subclavian artery alone.620

In comparison with total arch replacement, the duration 

A B

C

E

F

G

D

Figure 54.  Hybrid TEVAR for abdominal aortic aneurysm. (A) Left common carotid to left subclavian artery bypass + TEVAR (1 
debranch + TEVAR). (B) Right axillary to left common carotid/left axillary artery bypass + TEVAR (2 debranch + TEVAR). Blood is 
sent from the femoral artery and right axillary artery, left subclavian artery, and left common carotid artery, and the aortic arch is 
thoracotomized between the brachiocephalic artery and left common carotid artery. (C) Right common carotid to left common 
carotid/left subclavian artery bypass + TEVAR (2 debranch + TEVAR). (D) Ascending aorta to left common carotid/left axillary artery 
bypass + TEVAR (2 debranch + TEVAR). (E) Ascending aorta to brachiocephalic/left common carotid/left axillary artery 
bypass + TEVAR (3 debranch + TEVAR). (F) Iliac to celiac/superior mesenteric/bilateral renal artery bypass + TEVAR. (G) Open stent 
graft technique (involves surgery of the ascending and arch parts). The ascending aorta and arch branches are reconstructed 
using a quadruple-branched synthetic graft. In the descending aorta, a stent graft with a stent fixed on the distal side alone is 
inserted, and the synthetic graft inserted in the ascending aorta is sutured to the stent graft inserted in the descending aorta in 
the aortic arch. 
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of stay in the ICU and the duration of hospitalization are 
significantly shorter, but the retreatment rate due to 
endoleak is higher, by hybrid TEVAR.606,621 However, while 
hybrid TEVAR was performed more often in high-risk 
and elderly patients, the mortality rate and incidences of 
perioperative complications including cerebral infarction 
were comparable to those after total arch replacement in 
low-risk patients.606,621

In partial debranching TEVAR, the incidence of 
endoleak is higher because of the shorter proximal landing 
zone, but the invasiveness was lower, compared with total 
debranching TEVAR.622 Also, partial debranching TEVAR, 
by which aortic aneurysms can be treated without extra-
corporeal circulation, is less invasive, and as it contributes 
to improvements in QOL including shortening of the 
durations of ICU treatment and hospitalization, it can be 
the first-line treatment for patients at a higher risk.
ii. Totally Endovascular TEVAR
Recently, attention is being paid to totally endovascular 
TEVAR, in which the main device of TEVAR is placed 
in the ascending aorta with mild atheroma, and the 
brachiocephalic artery and left common carotid artery is 
reconstructed using covered stents. Procedures of totally 
endovascular TEVAR include the chimney technique, 
fenestrated SG, in situ fenestration, and company-made 
branched SG.
(1)  Chimney technique: This is a procedure to secure the 

blood flow of cervical branches by placing covered 
stents from the cervical branches to the ascending 
aorta in parallel with usual SG.623,624 However, gutter 
leak may occur from the gap in SG. Gutter leak is 
equivalent to type I endoleak, and there are reports 
that type I endoleak occurs in about 11% of the cases 
including those with gutter leak.610,611 Also, while the 
mortality rate is relatively low at 4%, the incidence of 
cerebral infarction is 11%, retreatment rate after the 
chimney technique is high at 10–25%, and additional 
surgery is required in not a few patients.610,625 Therefore, 
the chimney technique is unlikely to be the first choice 
among totally endovascular TEVAR procedures. 
However, it has the advantages that it can be performed 
using conventional devices and plays some role, for 
example, in high-risk emergency cases

(2)  Fenestrated SG: The only SG that can be landed in 
Zone 0, which was developed in Japan and is covered 
by health insurance, corresponds to this type. Since it 
is semi-custom-made, the number of fenestrated areas 
can be adjusted. Its disadvantage is that it cannot be 
applied to emergency surgery since about 3 weeks is 
needed for its preparation. The bird’s beak on the lesser 
curvature side in usual SG placement is considered an 
important factor for the occurrence of endoleak, but 
this fenestrated SG also fits the lesser curvature side, 
and saccular aneurysms on the lesser curvature side of 
the aortic arch are a good indication for this tech-
nique.413 Also, as it has an internal skeleton unlike 
other thoracic SGs, aortic dissection that does not 
require strong fixation force is also a good indication. 
The initial success rate is reported to be 91%, the 
aneurysm-related death avoidance rate after 3 years to 
be 97%, and the re-treatment avoidance rate to be 
84%.604 Since the device is covered by health insurance 
when it is used in compliance with IFU (instructions 
for use), it is the first choice for aortic arch aneurysms 
in high-risk patients who fulfill the anatomical 

requirements
(3)  In situ fenestration: This is a technique to secure the 

blood flow of the cervical branches by making fenes-
tration in SG retrogradely from the subclavian artery 
or carotid artery using laser or a puncture needle 
(retrograde in-situ branched stent grafting, RIBS) and 
placing a covered stent after covering the cervical 
branches using SG. In this procedure, the use of SG is 
not covered by health insurance, but the patency rate 
of the reconstructed cervical branches is high at 100%, 
the postoperative occurrence of type I or type III 
endoleak is rare, and favorable results have been 
reported607–609

As observed above, totally endovascular TEVAR is a 
useful procedure for high-risk patients. Concerning the 
device selection, while fenestrated SG, which is covered by 
health insurance, is the first choice, not many aortic arch 
aneurysms fulfill the anatomical requirements. Therefore, 
regarding aortic arch aneurysms that are not indications 
for fenestrated SG, the short-term results are satisfactory 
by in situ fenestration in consideration of the incidence of 
postoperative endoleak. However, the long-term results 
remain unclear, and future reports are awaited.

  ▋ 1.2.3 Descending/Thoracoabdominal Aortic Aneurysm
a.  Open Surgery of Descending Aortic Aneurysm 

(Table 15)
i. Aneurysm Diameter and Surgical Indications
Aortic aneurysms reaching a diameter of 60 mm have a 
yearly rupture risk of 10%, and they are judged to be 
indicated for surgery. On the other hand, intervention for 
aortic aneurysms with a diameter of smaller than 55 mm 
may not provide survival benefits. However, aortic aneu-
rysms with a diameter of 50–55 mm or larger in women or 
patients with connective tissue disorders are indicated for 
surgery.384 In addition, if the diameter of an aneurysm is 
found to be 55 mm or larger by the initial CT examination, 
its surgical indications are discussed while considering its 
surgical risks.

For follow-up, a CT re-examination is performed half a 
year after the initial examination, and the interval of 
subsequent examinations is determined according to the 
enlargement rate of aortic diameter. The enlargement rate 
of TAA diameter is 1–4 mm/year.535,634,635 However, the 
observation period is determined by the diameter of the 
aneurysm because aneurysms with a small diameter have a 
slow enlargement rate, which increases as the aneurysm 
diameter enlarges. Aneurysms that enlarge by 5 mm or more 
in half a year have a high risk of rupture and are directed 
toward surgery. Attention must be paid to the morphology 
of aneurysms as saccular-type aneurysms have a high risk 
of rupture, even if their diameter is not large.
ii. Open Surgery
TEVAR can be easily performed on the descending aorta 
since it runs linearly, and it is unlikely to lead to problems, 
such as endoleaks and shear of an SG. Thus, TEVAR has 
great advantages in the region. The advancement of devices 
has led to stable results, and TEVAR is now becoming the 
first-line treatment. Therefore, open surgery for descending 
aortic aneurysms is performed generally on young patients 
and patients who are not suitable for TEVAR. The main 
indications for open surgery are as follows:
-  Relatively young patients who are not at high risk of 

open surgery384

-  Patients with connective tissue disorders, such as Marfan 
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syndrome
-  Patients without a landing zone in the proximal or distal 

area
-  Patients lacking arteries to access an aortic aneurysm633 

and having a “hostile” abdomen, in which approach to 
the aorta/iliac artery is difficult (such as after frequent 
abdominal surgery, after the construction of an artificial 
anus, and after radiation therapy), or patients with 
severe atherosclerotic diseases in the aortoiliac artery

-  Patients with a history of abdominal aortic surgery, 
decreased blood circulation in the pelvis, extensive 
thoracic descending aortic aneurysm with the occluded 
lumbar artery, and considerably high risk of SCI after 
TEVAR626,627,636,637

-  Patients with symptoms caused by compression on 
adjacent organs, such as the thoracic vertebral body 
(chronic pain syndrome), trachea or left main bronchus 
(dyspnea), and esophagus (dysphagia)638

The size and position of an aneurysm influences the 
decision on its surgical strategy from the viewpoints of the 
position and approach method of ribs for intercostal 
thoracotomy and the use of intraoperative auxiliary means. 
Therefore, CT examination, including three-dimensional 
imaging, is mainly used for the preoperative evaluation of 
an aneurysm, clarifying the size of aneurysm, the presence 
or absence of parietal thrombosis, vertical extension, and 
the relationship with surrounding organs. In patients 
with an aneurysm in the proximal descending aorta, its 
positional relationship with the arch branch artery poses a 
problem during open surgery, and it is important to clarify 
the extension of the aneurysm to the proximal side. 
Normally, the descending aortic aneurysm is reached 
under the 5th–6th intercostal left thoracotomy. The 4th–
5th intercostal left thoracotomy may be used for proximal 
descending aortic aneurysms, while the 7th–8th intercostal 
left thoracotomy may be used for distal descending aortic 
aneurysms near the diaphragm.

Preoperative examinations should include CTA or 
MRA examination of the intercostal artery/lumbar artery 
and the artery in the pelvis, which play a major role in the 
spinal blood supply.119,639 Preoperative evaluation of cardiac 
function, pulmonary function, renal function, and occlusive 
disease of the carotid and peripheral arteries is essential for 
minimizing the mortality rate and risk of complications 
related to surgery of a thoracic descending aortic aneurysm. 

Patients with a clinical history of coronary artery disease 
(CAD) or cardiac valvular disease usually require echo-
cardiographic and cardiac catheter examinations, and 
additional examinations, such as Holter electrocardiogram, 
may be judged necessary in some cases. In patients with a 
descending aortic aneurysm complicated by symptomatic 
CAD, surgery of the aortic aneurysm should be preceded 
by the treatment of CAD. The treatment of patients 
complicated by asymptomatic CAD is controversial, given 
a recent study suggesting non-affirmative treatment.629 In 
such cases, a preoperatively planned replacement range by 
open surgery and severity of CAD is important in deter-
mining preoperative strategies.628

In addition, the pulmonary function test and arterial 
blood gas analysis are important since a smoking history 
and the presence of COPD increases the risk of postopera-
tive respiratory failure.630

The risk of postoperative renal failure is higher in 
patients with renal dysfunction, which can be reduced by 
ensuring preoperative hydration and proper intraoperative/
postoperative renal perfusion.631

The risks of spinal cord ischemia, mesenteric ischemia, 
and renal ischemia are associated with aortic cross-clamping 
time.631,632,640,641 The auxiliary means for aortic cross-
clamping include partial extracorporeal circulation, left 
heart bypass, and hypothermic circulatory arrest. The 
hypothermic circulatory arrest is useful for ruptured cases 
and cases in which central aortic cross-clamping is diffi-
cult.642 However, a retrospective analysis of 387 consecutive 
cases of descending aortic aneurysms showed that the 
application of left heart bypass did not significantly reduce 
the risk of paraplegia640 (Chapter VII, “2.3 Spinal Cord 
Protection Method” for the prevention of spinal cord 
ischemia).

The results of elective open surgery for descending aortic 
aneurysms have improved in high-volume centers with 
numerous cases over the last 25 years.640,643,644 However, 
the accepted results are not supported by data from the 
National Inpatient Sample (NIS), a large-scale database in 
the United States, and they reflect the results achieved at 
high-volume centers with many cases. The mortality rates 
in patients who had undergone elective and urgent surgeries 
were 10% and 45%, respectively. Furthermore, spinal cord 
ischemia has also been reported in the range of 11–15%.645

Table 15. COR and LOE for Open Surgery for Unruptured Descending Aortic Aneurysm

COR LOE

 It is recommended to perform preoperative CTA or MRA examination to clarify the lesion range of 
an aneurysm and identify potential risks associated with spinal cord ischemia, such as main 
intercostal arteries626,627

I C

 Additional preoperative examinations to clarify the severity of potential heart diseases should be 
considered for patients with a past medical history of coronary artery disease628 IIa C

 Preoperative coronary artery revascularization should be considered for patients complicated by 
symptomatic or severe asymptomatic coronary artery disease629 IIa C

 Assessment of perioperative risks associated with the lung, kidney, and cerebral blood vessels 
should be considered preoperatively630–632 IIa C

 Open surgery should be considered for aneurysms with a diameter of ≥60 mm that are not indicated 
for TEVAR384,633 IIa C

 Open surgery may be considered for aneurysms with a diameter of 55–59 mm that are not indicated 
for TEVAR384,633 IIb C

COR, class of recommendation; CTA, computed tomography angiography; LOE, level of evidence; MRA, magnetic 
resonance angiography; TEVAR, thoracic endovascular aortic repair.
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b.  Open Surgery for Thoracoabdominal Aortic Aneurysm 
(Table 16)

i. Crawford Classification
Currently, the classification of TAAA reported by Crawford 
is generally accepted.657 This classification is based on the 
range of continuous prosthetic graft replacement in the 
surgery of TAAA, and it consisted of four types from type 
I to type IV at the time of his reporting (Figure 5658).
Type I: Type I includes the replacement of most of or the 
entire thoracic descending aorta and the suprarenal 
abdominal aorta. Therefore, it typically extends from the 
area immediately distal to the left subclavian artery until 
the suprarenal area.
Type II: Type II includes the replacement of most of or the 
entire thoracic descending aorta, as well as the suprarenal 
and subrenal segments of the abdominal aorta. It generally 
starts at the area immediately distal to the left subclavian 

artery and extends to the aortic bifurcation.
Type III: Type III includes the replacement of the distal half 
of the thoracic descending aorta (below the 6th rib) and 
varying degrees of the abdominal aorta. In most cases, it 
begins in the middle descending area of the thoracic aorta 
and extends to the aortic bifurcation. However, it ends in 
the suprarenal aorta in some cases.
Type IV: Type IV begins near the diaphragmatic tear and 
often includes the entire abdominal aorta.

A modification of the Crawford classification has been 
proposed by Safi et al.659 (Figure 55). The added type V 
begins in the distal half of the thoracic descending aorta 
(below the 6th rib) and ends above the renal artery, 
preserving the subrenal aorta. The original Crawford 
classification classified this type V as either type I (in terms 
of preserving the subrenal aorta) or type III (in terms of 
preserving the proximal thoracic descending aorta). The risk 

Table 16. COR and LOE for Open Surgery for Unruptured Thoracoabdominal Aortic Aneurysm

COR LOE

 It is recommended to evaluate the heart, lung, and renal functions preoperatively to estimate the 
surgical risks and to start treatment to improve preoperative condition646–648 I C

 Open surgery should be considered for atherosclerotic thoracoabdominal aortic aneurysm patients 
with low-moderate surgical risks showing an aneurysm diameter of ≥60 mm, rapid enlargement of 
an arterial aneurysm (≥5 mm/6 months), or aneurysm-related symptoms635

IIa C

 Extracorporeal circulation to perfuse the lower body and abdominal organs should be considered 
for patients with an extensive thoracoabdominal aortic aneurysm (Crawford type I, type II, and 
type III), especially if they require long-term aortic cross-clamping, to reduce complications due to 
ischemia649,650

IIa C

 Cerebrospinal fluid drainage should be considered for patients with an extensive thoracoabdominal 
aortic aneurysm (Crawford type I, type II, and type III) to reduce the risk of ischemic spinal cord 
injury651–653

IIa B

 The optimization of mean blood pressure and pressure on the distal aorta, moderate hypothermia, 
monitoring of electrophysiological spinal cord function, and reconstruction of the intercostal artery 
should be considered for intraoperative spinal cord protection654

IIa C

Centralization to high-volume centers may be considered655,656 IIb C

COR, class of recommendation; LOE, level of evidence.

Type I Type II Type III Type IV Type V

Figure 55.  Modified Crawford classification by the range of prosthetic graft replacement for thoracoabdominal aortic aneurysm.
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of spinal complications after type V replacement is low.657

The Crawford classification serves several important 
functions. The risks associated with the surgery of TAAA 
depend on the site and replacement range of the replaced 
aorta. Thus, this classification can help in the proper 
evaluation of risks, planning of surgical approaches 
according to the extent of the expected treatment of aortic 
replacement, and development of a framework for selecting 
specific treatment methods. There has been international 
consensus on the use of this classification to explain the 
extent of aortic aneurysm disease. In both open surgery 
and TEVAR, this classification provides indices of the 
extent of the treatment, technical challenges associated with 
surgery, and potential postoperative risks. Furthermore, 
each of the five types is associated with different organ 
complications, such as paraplegia, renal failure, and 
abdominal organ ischemia.
ii. Indications
TAAA is subject to open surgery if it has an aneurysm 
exceeding 60 mm in diameter (excluding connective tissue 
disorders), shows a rapid enlargement of aneurysm diameter 
(≥5 mm/6 months), presents with symptoms, or has low-to-
moderate surgical risks.649,660

Assessment of the risk of TAAA rupture due to surgical 
intervention is highly important, and in particular, the 
preoperative risk analysis of extensive TAAA in patients 
with comorbidities is also essential in determining the 
surgical procedures.
iii. Standard Procedure
The spiral incision is performed from the 5th–6th intercostal 
thoracotomy to the abdomen. The diaphragm is isolated 
in an arc to preserve the phrenic nerve, and the abdominal 
aorta is approached retroperitoneally or transperitoneally. 
Although lateral thoracotomy after incision of the latissimus 
dorsi and serratus anterior muscles was commonly used in 
the past, an approach of preserving the latissimus dorsi and 
serratus anterior muscles has been reported recently, which 
aims to preserve the blood flow by collateral flow to the 
spinal cord.661 Aortic reconstruction is usually performed 
from the central side using the segmental clamping to 
shorten the spinal cord ischemia time,663 although recon-
struction from the peripheral side has also been reported.662 
In Japan, the intercostal and abdominal branch arteries 
are generally reconstructed individually using a prosthetic 
graft with a small diameter of 8 mm or 10 mm. The inter-
costal arteries are reconstructed individually or collectively 
using prosthetic grafts; however, they may be individually 
reconstructed directly without using a prosthetic graft or 
reconstructed collectively in an insular manner.664 In patients 
with Marfan syndrome, an aneurysm often forms in the 
arterial wall of the insular reconstruction site of the inter-
costal artery in the late stage, and in principle, individual 
reconstruction is performed.665

iv. Auxiliary Means
Proximal descending aortic cross-clamping increases 
preload/afterload on the heart, and conversely, it leads to 
the loss of circulation in the distal clamping site, resulting 
in ischemic complications in the spinal cord, abdominal 
organs, kidneys, and lower extremities. Although recon-
struction can be performed under simple clamping, distal 
aortic perfusion is generally performed with the following 
extracorporeal circulation to reduce ischemic complications 
of organs. Organ ischemia can be prevented by (1) femoral 
vein (right atrium) blood removal and femoral artery 
blood supply bypass (partial extracorporeal circulation) or 

(2) left atrial blood removal and femoral artery blood 
supply bypass (left heart bypass).649,666 In Japan, (1) is 
frequently performed in cases of unexpected massive 
hemorrhage and hypoxemia. The difference between the 
two lies in the presence or absence of oxygenator use, 
although there are exceptions, thereby leading to different 
usages of heparin. Although some surgeons prefer (2) in 
this aspect, heparin-coating or X-coating circuits have 
been developed for the former, and in theory, closed circuits 
require the same amount of heparin. Aortic open vascular 
anastomosis by hypothermic circulatory arrest under 
complete extracorporeal circulation, with femoral vein 
suction blood removal or main pulmonary artery blood 
removal, is used in cases with difficulty in central clamping 
near the arch, cases with difficulty in detachment by reop-
eration, and cases of aortic dissection.667,668

v. Protection of Abdominal Organs
Ischemia of internal organs is reduced by blood perfusion 
in the celiac and superior mesenteric arteries and injection 
of cooled crystalloid transfusion (such as lactated Ringer’s 
solution) or blood perfusion in both renal arteries.650 
Selective continuous perfusion of each abdominal branch 
artery is performed using a cannula with a balloon from 
the lateral branch of the partial extracorporeal circulation 
or the left heart bypass circuit. Although there is no 
established theory, a flow rate of 150–200 mL/min per 
branch is used as a guide. Attention must be paid to the 
induction of an inflammatory response as mucosal damage 
may occur despite anterograde perfusion of the superior 
mesenteric artery.669

vi.  Methods of Spinal Cord Protection (Chapter VII, “2. 
Spinal Cord Protection”)

The risk factors for developing ischemic SCI include 
prolonged aortic cross-clamping, extensive aortic aneurysm, 
aortic dissection, urgent surgery, non-reconstruction of the 
internal iliac artery, and a history of abdominal aortic 
surgery. The methods to prevent SCI include distal aortic 
perfusion, reconstruction of the intercostal artery,651 
intercostal artery perfusion, cerebrospinal fluid drainage 
(CSFD),651–653 spinal cooling,670 and perioperative evalua-
tion of spinal cord function.671 All the available strategies 
for the prevention of SCI are summarized in two recent 
reviews.651,653

In Japan, preoperative non-invasive angiography, such 
as MR and CT examinations, is generally used, if possible, 
to identify the Adamkiewicz artery and the intercostal/
lumbar artery connecting to the Adamkiewicz artery or 
collateral flow, which serves as a clue for intraoperative 
reconstruction and preservation of the intercostal artery.672 
A CSFD tube is inserted the day before or on the day of 
surgery and continuously used for 3 days after surgery.653 
During surgery, spinal cord ischemia is monitored by 
exertional spinal evoked potentials and somatosensory 
potentials.654,673,674 The responsible intercostal/lumbar 
artery is reconstructed, if necessary, with reference to 
preoperative identification tests and intraoperative spinal 
cord ischemia monitoring. A variety of approaches, including 
CSFD, maintenance of adequate blood pressure, use of 
distal aortic perfusion, and revascularization of the inter-
costal artery are effective in reducing the risk of spinal cord 
ischemia.675

vii. Results
The majority of results of TAAA open surgery are from a 
series of cases performed in highly specialized high-volume 
centers.646,660,671 These experienced facilities have reported 
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a postoperative mortality rate of 5–15%. Additionally, the 
main complications were respiratory failure (up to 60%), 
neurological disorders (3–18%), and renal failure (3–15%). 
Excluding the highly specialized facilities, the mortality 
rate and incidence of complications are nearly twice as 
high as these values. In the California-wide database in the 
United States, the 30-day and 1-year mortality rates after 
open surgery of TAAA were 19% and 31%, respectively.675 
These results indicate that complex surgery, such as the 
open surgery of TAAA, should be performed in specialized 
facilities, and in fact, sufficient support by staff, the size of 
the hospital, and the number of surgeons were shown to 
have a significant impact on the postoperative survival 
rate. Lesser surgical experience has been correlated with an 
increase in the postoperative mortality rate.655 This study 
on 1,542 patients who had undergone surgery of TAAA 
showed a significant difference (P<0.001) in the mortality 
rate between hospitals with few cases (27.4%) and hospitals 
with many cases (15%). In addition, hospitals with fewer 
surgeons (25.6%) had a significantly higher mortality rate 
(P<0.001) than hospitals with many surgeons (11.0%). Such 
a relationship between the number of cases and the outcome 
(volume-outcome relationship) has been summarized in a 
systematic review.656

c.  Endovascular Treatment of Descending Aortic Aneurysm 
(Table 17)

Although the evidence from RCTs comparing open surgery 
and TEVAR for descending aortic aneurysms is not yet 
available, published studies have shown that the early 
mortality rate, the incidence of complications, and length 
of hospital stay after TEVAR are superior to those after 
open surgery.360–365,676,677 Open surgery and TEVAR showed 
no difference in the long-term mortality rates up to 5 
years,362 and TEVAR in the straight area of the descending 
aorta resulted in little endoleaks (3.9–15.0%). Thus, 
TEVAR is recommended for descending aortic aneurysms 
that meet anatomical requirements, except for patients 
with heritable connective tissue disorders, such as Marfan 
syndrome.678 In addition, TEVAR has a lower incidence of 
SCI than open surgery (2.8–21.0%),363,676,678–680 and it is 
characterized by late SCI, with more frequent paresis and 
relatively rapid recovery. The anatomical risk factors of 
SCI include the SG coverage area of 200 mm or greater, 
coverage of the T8-T12 level, AAA replacement, internal 
iliac artery occlusion, and left subclavian artery occlusion. 
Chronic renal dysfunction and perioperative hypotension 
(average of <70 mmHg) also lead to the development of 
SCI.678,679,681,682 In such cases, cerebrospinal fluid drainage 
is performed to prevent SCI. With its current devices, 
TEVAR is not indicated for cases with the inner aortic 
diameter of ≥40 mm in the landing area and the landing zone 
length of ≤15 mm.365,683 In addition, TEVAR is not indicated 
for those presenting with compression symptoms caused 
by an aneurysm (such as the compression of the esophagus 
and heart) and those with aortic gastrointestinal fistula or 
infected aneurysm with traffic to the esophagus.684–686 Since 
the results of open surgery for bronchial fistula and pulmo-
nary fistula with hemoptysis are poor, TEVAR is often 
used for these, although they are not considered as good 
indications.684,685,687

During TEVAR for descending aortic aneurysm, 10–50% 
of the cases require coverage of the left subclavian artery 
to secure a sufficient landing zone, which increases the 
incidence of encephalomyelopathy and upper limb ischemia. 

Revascularization to the left subclavian artery is recom-
mended, at least for cases with the patent left internal 
thoracic artery connected to a coronary artery or cases in 
which the left vertebral artery is dominant.370,371,636,688–692 
The safe coverage of the celiac artery to secure a sufficient 
landing zone is effective,683 for which grasping the anatomy 
with a contrast-enhanced CT is important. When covering 
the celiac artery, angiography should be performed prior 
or intraoperatively to confirm the traffic between the celiac 
artery and superior mesenteric artery.693 Celiac artery 
occlusion is contraindicated in cases with insufficient 
collateral flow, poor blood flow in the portal vein, or celiac 
superior mesenteric artery. In such cases, the scalloped 
device or techniques called snorkel and chimney methods 
are used; however, data supporting their safety and useful-
ness have been scarce.532

d.  Endovascular Treatment of Thoracoabdominal Aortic 
Aneurysm

Due to the problems of open surgery, such as cardiopul-
monary circulation disorder, kidney injury, and nerve 
injuries including paraplegia, two alternative methods are 
now becoming widely used.

One is hybrid treatment, in which the abdominal branch 
is bypassed by an extra-anatomical bypass, followed by SG 
deployment. Whether the bypass and SG deployment 
should be performed simultaneously or in separate stages 
is controversial. When they are performed simultaneously, 
the mortality rate and incidence of kidney injury are high. 
On the other hand, when they are performed in separate 
stages, there is a risk of rupture between the stages.694,695 
Thus, the waiting period must be determined depending on 
the diameter of the aneurysm, and the bypass and SG 
deployment should be performed within a few days, if the 
aneurysm diameter exceeds 60 mm.696 As this is performed 
in high-risk patients, hybrid treatment has a relatively 
favorable mortality rate and incidence of SCI,697–699 and its 
long-term patency rate of abdominal branch bypass is also 
favorable.700,701 However, this method is not so minimally 
invasive. The complete endovascular treatment described 
below has become widely used overseas, and hybrid treat-
ment is an option only in urgent cases in which the device 
cannot be obtained in time.532 On the other hand, due to the 
lack of approved branched SG in Japan, hybrid treatment 
has been an important option for aged individuals and 
COPD patients who are not indicated for open surgery.

The other alternative method is complete endovascular 
treatment using a branched SG. Because fenestrated devices 
have achieved favorable results in the treatment of pararenal 
artery AAA,702 this method has been developed with the 
advent of the hybrid surgery room and improvements in 
imaging technology. There have been no RCTs of this 
method, and endovascular treatment is administered to 

Table 17. COR and LOE for Endovascular Treatment of 
Unruptured Descending Aortic Aneurysm

COR LOE

 It is recommended to perform TEVAR if 
anatomical requirements are met360–365,676–678 
(See Table 9)

I C

COR, class of recommendation; LOE, level of evidence; TEVAR, 
thoracic endovascular aortic repair.
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patients at higher risk. Therefore, no significant difference 
in the 30-day mortality rate and incidence of SCI has been 
found between this procedure and open surgery.703–707 In 
Japan, no device has been approved for this procedure, 
and it is performed only in a limited number of facilities.

 ▋1.3 Rupture of Thoracic Aortic Aneurysm
  ▋ 1.3.1  Aortic Root and Ascending/Aortic Arch Aneurysm 

(Table 18)
a. Background and Epidemiology
There are no epidemiological statistics on the rupture of 
non-dissecting TAA in Japan. According to the report of 
JCVSD on thoracic aortic surgery performed in 2015 and 
2016,711 of the 35,427 patients undergoing thoracic aortic 
surgery (including thoracoabdominal aortic surgery), 
1,399 patients had rupture of a non-dissecting aortic 
aneurysm, of whom 435 patients had open surgery from 
the root to the arch (Table 19). Reports from overseas 
include a two-point observation survey in Stockholm, 
Sweden in the 1980s.712 It is estimated that the incidence of 
TAA rupture is 5 per 100,000 population. The rupture of 
TAA occurred in 82 patients in 1980 and 76 patients in 
1989, and of the total of 158 patients, 2 patients underwent 
surgery. Of the 158 patients, 64 (41%) patients survived and 
were transported to the emergency outpatient department, 
11 (7%) patients died in welfare facilities for the elderly, 
and 83 (53%) patients died outside a hospital. Their rupture 
sites were the ascending aorta in 81 patients, the aortic 
arch in 23 patients, the descending aorta in 45 patients, 

and unknown in 9 patients. In addition, 54% and 22% of 
the patients died within 6 h and 7–24 h of the onset of 
symptoms, respectively, and 24% died thereafter.

b. Risk Factors for Rupture
Predictors for the rupture of TAA include the aneurysm 
diameter, which has been used as a classic index. The 
probability of rupture increases when the aneurysm 
diameter exceeds 60 mm.535,635 For the aortic arch, an 
enlargement rate of 5.5 mm or more per year has been 
extracted as a predicting factor for rupture, and aneurysm 
diameter of 65 mm or larger and hyperlipidemia influences 
the increase in enlargement rate.713 However, several of 
these factors were examined in retrospective studies, and 
large-scale studies have been few, resulting in a low level of 
evidence at present.714

c. Diagnosis
Ruptures into the pericardial sac, mediastinum and thoracic 
cavity are fatal, and patients die at the onset site before 
communicating with the rescuer. The survival cases present 
with sudden chest/back pain and consciousness disturbance 
as the main symptoms. In addition, hemoptysis or 
hematemesis occurs when a fistula is formed in the trachea 
or esophagus. Respiratory failure may also result from 
hemorrhage into the thoracic cavity. It is important to 
suspect rupture as there are generally no symptoms specific 
to rupture. Unenhanced and contrast-enhanced CT 
examinations are essential when rupture is suspected. In 
deciding the treatment policy, it is important to extend 
the imaging range of CT examination not only to the 
thoracic region, but also to the iliac region.96 If the patient 
exhibits consciousness disturbance, the head is imaged 
simultaneously.

d. Treatment
Urgent surgery for lifesaving purposes is essential. 
Although TEVAR/EVAR has now been established, open 
surgery is still the standard treatment for rupture from 
the root to the arch. It is desirable to replace the entire 
aneurysmal aorta, including the rupture site, with a pros-
thetic graft. However, since the highest priority lies in 
lifesaving, the range of replacement should be considered 
based on the preoperative hemodynamics and respiratory 
condition, the presence or absence of comorbidity, age, 
and intraoperative findings, and there is no need to adhere 

Table 18. COR and LOE for Treatment of Aortic Aneurysm Rupture in the Aortic Root and Ascending/Aortic 
Arch

COR LOE

It is recommended to perform urgent surgery if there are treatment indications96 I C

 It is recommended to perform unenhanced or contrast-enhanced CT examination of the whole 
body (including the cervical to inguinal regions) for patients suspected of aneurysm rupture96 I C

 It is recommended to select TEVAR over open surgery for patients meeting anatomical 
requirements if it is performed in a facility capable of providing specialized techniques96,708 I C

 A combined use of the frozen elephant trunk method may be considered in the total arch 
replacement for distal aortic arch aneurysm rupture709,710 IIb C

Prediction of surgical risks using the Japan SCORE may be considered711

Note:  Some items are not included in the risk prediction model, such as organ protection methods 
(e.g., hypothermic circulatory arrest and cerebral perfusion), or frailty

IIb C

COR, class of recommendation; CT, computed tomography; LOE, level of evidence; TEVAR, thoracic endovascular 
aortic repair.

Table 19. Results of Open Surgery for the Rupture of 
Non-Dissecting Aortic Root-Aortic Arch Aneurysm

Replacement 
range

Number of 
cases

Number of 
operative  

deaths

Operative 
mortality  
rate (%)

Root   95 19 20.0

Ascending 116 21 18.1

Root-arch   10   5 50.0

Arch 214 43 20.1

Total 435 88 20.2

Based on the data of JCVSD from January 2015 to December 
2016. (Excerpted from Shimizu H. et al. 2019711)
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to the preventive expansion of the replacement range.
There have been reports of TEVAR708,715 and hybrid 

surgery combining open surgery and TEVAR709,710 for 
TAA rupture; however, the blood flow to the cervical 
branch needs to be maintained when performing TEVAR 
from the ascending aorta to the aortic arch. In addition, 
if an endoleak occurs, the possibility of hemorrhage from 
the rupture should also be considered. If preoperative 
hemodynamics is disrupted or worsening, immediate 
initiation of percutaneous extracorporeal circulation or 
manual compression of the rupture site by immediate 
thoracotomy is required.716 Moreover, there has recently 
been a report on a method that leads to thoracotomy after 
performing hemorrhagic control by TEVAR (using bridge).717 
It is needless to say that the initial response according to 
the pathological conditions of each patient is vital.

e. Surgical Procedure by Site
i. Aortic Root
Rupture of the aortic root is mainly caused by congenital 
Valsalva sinus arterial aneurysm or annuloaortic ectasia. 
Arterial aneurysms of congenital Valsalva sinus often 
rupture into the cardiac cavity, and reports of its rupture 
into the pericardial sac have been considerably few.718 It 
most frequently occurs in the right coronary sinus 
(approximately 60–80%), followed by the noncoronary 
sinus (approximately 20%) and the left coronary sinus, 
which is rare (approximately 1–10%).719,720 The right cardiac 
system is the most common destination of its rupture, and 
heart failure develops by forming a left-to-right shunt. 
However, the degree of symptoms varies depending on the 
amount of shunt and disease duration.

The treatment of the aortic root is, in principle, open 
surgery. An approach is selected based on the location of 
the ruptured sinus, size of rupture, shunt destination, 
abnormalities in the aortic valve leaflet, the presence of 
aortic valve regurgitation, and the presence or absence of 
congenital interventricular septum deficiency. A direct or 
patch closure of the rupture is performed by making an 
incision in one or two sites in the aorta, right atrium, right 
ventricle, or pulmonary artery. Although rupture can be 
repaired with the incision of only the aorta or right atrium 
in some cases, it is generally approached from two direc-
tions.719,720 If the patient has abnormalities in the aortic 
valve leaflet or aortic valve insufficiency, methods such as 
aortic root replacement, aortic valve replacement with the 
closure of the rupture, and VSRR are selected. When closing 
the rupture, attention needs to be paid to the recurrence of 
the aneurysm, the occurrence of aortic valve insufficiency, 
and disorder of the stimulus conducting system. The early 
and late surgical results are both relatively favorable; 
however, caution is needed as the late recurrence of aortic 
valve insufficiency,721 recurrence and rupture of aneurysm,722 
and atrioventricular block have been reported.

In recent years, transcatheter closure of the rupture site 
using an occluder for interventricular septum and ductus 
arteriosus closure has been reported, and with its relatively 
stable results, it can be a beneficial option for critically ill 
patients.723 On the other hand, it was found to be ineffec-
tive in some cases of rupture with a size of 10 mm or larger, 
and the long-term effects of the stress exerted by a rigid 
occluder on the Valsalva sinus are unclear. Thus, in prin-
ciple, its use is considered safe if it is limited to patients 
who should avoid surgery with extracorporeal circulation.724

Annuloaortic ectasia is often found in patients with 

connective tissue disorders, such as Marfan syndrome. 
Rupture from a non-dissecting state is less likely compared 
to the rupture after the onset of dissection.725 Aortic root 
replacement or VSRR is selected regardless of the presence 
of aortic valve insufficiency. For details of the procedures, 
see “1.2.1 Aneurysms of the Aortic Root/Ascending Aorta” 
in this chapter.
ii. Ascending Aorta
Ascending aorta replacement is the first treatment choice. 
If a rupture is close to the root, replacement under aortic 
cross-clamping may be performed after the establishment 
of extracorporeal circulation. If a rupture is present on 
the arch side, the replacement of the peripheral aorta, 
including the rupture, may precede under profound hypo-
thermic circulatory arrest by cooling the rupture site while 
it is manually closed, after establishing extracorporeal 
circulation.
iii. Aortic Arch
Total arch or partial arch replacement is the basic 
procedure. Hemorrhage may occur in the pericardial sac, 
mediastinum, or thoracic cavity depending on the rupture 
site; however, the rupture site may not be easily visible. 
Peripheral aortic anastomosis is difficult with median 
incision alone if the patient has severe calcification around 
the distal arch or extensive aneurysmal lesions in the 
descending aorta. In such cases, total arch or partial arch 
replacement may be performed by median incision with 
left thoracotomy (such as trapdoor thoracotomy and door 
open method), left thoracotomy, or left thoracotomy with 
trans-sternal incision and right thoracotomy (clamshell 
method).

However, these approaches require time to reach thora-
cotomy, which poses a problem in ruptured cases that 
require a prompt response. Thus, a method of opening the 
ascending aorta and ascending/proximal aortic arch on the 
central side of the rupture site by median incision alone 
and deploying a SG in the aneurysmal site, including 
peripheral rupture site (open SG method or FET method) 
has also been applied in ruptured cases, which has demon-
strated its relatively favorable results.726

In addition, although there have been reports on TEVAR 
after bypass to the cervical branch under thoracotomy or 
non-thoracotomy, fenestrated SG, and the chimney 
method,715 the ESC guidelines for aortic arch aneurysms 
state that TEVAR should be applied when “anatomy is 
favorable and the expertise available”.96 In this case, the 
high complication incidence of retrograde Type A dissection 
poses a problem.727

f. Results of Open Surgery
A report based on JCVSD in 2015 and 2016 showed that 
the early mortality rate (30-day mortality and in-hospital 
mortality) for open surgery of non-dissecting TAA rupture 
was 20.0% in the root region, 18.1% in the ascending 
region, 50.0% in the root-arch region, and 20.1% in the arch 
region (Table 19).711 There are no reports investigating the 
long-term results of surgical cases for non-dissecting 
TAA rupture in the region from the root to the arch. 
Furthermore, there are currently no reports analyzing the 
risk factors associated with early mortality.

  ▋ 1.3.2 Aortic Arch Aneurysm (Table 20)
In a report that compared TEVAR and open surgery 
(prosthetic graft replacement) for ruptured descending 
artery aneurysm, more satisfactory results were obtained 
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by TEVAR, with the 30-day mortality rate being 17% in the 
TEVAR group and 24% in the open surgery group, and 
the 4-year survival rate being 75% and 64%, respectively.349 
Therefore, TEVAR is also recommended for ruptured 
descending artery aneurysms.352,728,729

On the other hand, aortic arch aneurysms cannot be managed 
by TEVAR alone because of the concern over postoperative 
endoleak due to stent placement in the curved area and from the 
viewpoint of securing blood flow of the cervical branches. For 
this reason, the first choice for aortic arch aneurysms is open 
surgery, and TEVAR should be considered for elderly patients 
or patients in whom the risk of open surgery is high.

The results of TEVAR in high-risk patients have been 
reported to be satisfactory.710,730 In performing TEVAR 
for aortic arch aneurysm, hybrid TEVAR, in which the 
stent graft is inserted after bypass revascularization of the 
cervical branches via a non-anatomical route to secure 
landing zone, or a total endovascular procedure, such as in 
situ fenestration, in which fenestration is made by inserting 
a stent graft, is selected (See “1.2.2.b Endovascular 
Treatment” in this chapter).

Since hybrid TEVAR and total endovascular aortic 
aneurysm repair do not require thoracotomy, it is less 
invasive, comparable to open surgery in both the success 
rate and mortality, and can be an option for patients with 
ruptured aortic arch aneurysm.715,731 However, the papers 
that reported the results of TEVAR for ruptured aortic 
arch aneurysms are presently those about small-scale 
evaluations and case reports alone.

  ▋ 1.3.3 Descending/Thoracoabdominal Aortic Aneurysm
a. Open Surgery of Descending Aortic Aneurysm
Rupture of a descending aortic aneurysm has a high 
mortality rate. The rupture of a descending aortic aneurysm 
can be treated only with invasive treatment; however, 
several patients die of hemorrhage before receiving treat-
ment or do not survive even after receiving treatment. In 
addition, even if they tolerate the surgery, there are risks of 
multiple organ failure and cerebral/spinal cord injury. In a 
meta-analysis of 224 cases of descending aortic aneurysm 
rupture, the 30-day mortality rate after open surgery 
(prosthetic graft replacement) was 33%,352 and myocardial 
infarction, stroke, and paraplegia, which are the main 
complications, were found in 11.1%, 10.2%, and 5.5% of 
the cases, respectively. The author of this report also 
showed that the combined rate of mortality, stroke, and 
paraplegia in a retrospective multicenter study of 69 cases 
of descending aortic aneurysm rupture was 36.2%.349 In 
addition, a large study using the large-scale database NIS 
in the United States showed that the mortality rate of 559 
cases of descending aortic aneurysm rupture was 28.6%.351 
These data suggest that open surgery in the treatment of 
the rupture of descending aortic aneurysms is associated 
with a high mortality rate and a high morbidity.

In ruptured cases of thoracic descending aortic aneurysm, 
it often requires time to reach aortic cross-clamping due to 
adhesion to the lung, during which the circulation fails. 
Therefore, immediately after the patient is transported to 
the surgery room, extracorporeal circulation is established 
via the femoral artery and vein before left thoracotomy. 
Unlike AAA, clamping with a balloon is difficult in thoracic 
descending aortic aneurysms depending on the rupture 
site. Thus, the time of circulation failure cannot be predicted 
even with stable circulation, and aortic cross-clamping is 
needed as early as possible. If the rupture site can be 
identified by CT examination, the pleura can be resected to 
expose the aorta distant from the rupture site for clamping.

On the other hand, as described below, TEVAR has 
been performed as an alternative procedure to open surgery 
for descending aortic lesions, including rupture, in the 
recent years. Additionally, it was suggested that TEVAR 
has led to reduced mortality rate and incidence of compli-
cations.349,351,352 However, a study using inpatient sample 
data in the United States showed a contrasting result, in 
which there was no significant difference in the mortality 
rate between TEVAR and open surgery (23.4% vs. 28.9%, 
P=0.064).351 In addition, the effectiveness of TEVAR for 
the rupture of descending aortic aneurysms caused by 
infiltration of the descending aorta of esophageal cancer or 
lung cancer has been reported,732–734 and TEVAR has 
become one of the treatment options.

b. Open Surgery for Thoracoabdominal Aortic Aneurysm
The rupture of TAAA also has a high mortality rate. 
Definite studies on open surgery have been few, and there 
were no mentions of open surgery for the rupture of TAAA 
in the 2016 ESVS guidelines. In the 1990s, its operative 
mortality rate in the United States was reported to be 
53.8%;735 however, it has recently improved to 14% by 
omitting cerebrospinal fluid drainage, intercostal artery 
reconstruction, and concomitant surgery to simplify the 
procedure even in ruptured cases.736 As in the rupture of 
descending aortic aneurysms, the number of facilities 
treating ruptured TAAA cases with TEVAR is increasing; 
however, it is not as easy as the one for descending aortic 
aneurysms. A study analyzed 206 cases of TAAA rupture 
(144 cases of open surgery and 62 cases of TEVAR) using 
the database of the National Surgical Quality Improvement 
Program (NSQIP), and it reported that TEVAR was 
superior to open surgery in postoperative renal failure (32% 
vs. 13%, P=0.004) and respiratory failure (58% vs. 37%, 
P=0.007) despite no significant difference in the mortality 
rate between the two (38% vs. 26%, P=0.09).737

c.  Endovascular Treatment of Descending/
Thoracoabdominal Aortic Aneurysm (Table 21)

Although no RCTs have compared TEVAR and open 
surgery for descending/thoracoabdominal aortic aneurysms, 

Table 20. COR and LOE of Endovascular Treatment for 
Ruptured Aortic Arch Aneurysms

COR LOE

 Hybrid TEVAR should be considered for 
ruptured aortic arch aneurysms710,715 IIa C

COR, class of recommendation; LOE, level of evidence; TEVAR, 
thoracic endovascular aortic repair.

Table 21. COR and LOE for Endovascular Treatment of the 
Rupture of Descending Aortic Aneurysm

COR LOE

 It is recommended to perform TEVAR as the 
first treatment choice if the anatomical 
requirements are met349 (See Table 9)

I C

COR, class of recommendation; LOE, level of evidence; TEVAR, 
thoracic endovascular aortic repair.
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the treatment rate with TEVAR has clearly increased in 
recent years.349,738–740 In meta-analysis and retrospective 
studies, TEVAR was shown to have a lower mortality rate 
and incidence of complications,349,352 and TEVAR is the 
first treatment choice for the rupture of thoracic descending 
aortic aneurysms if the anatomical requirements are met. 
However, TEVAR has a high incidence of long-term 
aorta-related events, including death, and has not shown 
superiority in long-term prognosis over open surgery.352,738

In 38% of urgent cases of rupture, occlusion of the origin 
of the left subclavian artery associated with SG deployment 
is needed to ensure a sufficient central landing zone; 
however, reconstruction of the subclavian artery has not 
been performed in most cases.352 There have been no data 
indicating that reconstruction of the left subclavian artery 
is unnecessary, and its reconstruction is recommended at 
least if the patented left internal thoracic artery was anasto-
mosed to the coronary artery or if the left vertebral artery 
clearly showed left dominance. Otherwise, coverage of the 
origin of the left subclavian artery associated with SG 
deployment is acceptable in urgent cases.689,729 Similarly, 
coverage of the origin of the celiac artery (CA) with a SG 
is acceptable in urgent cases. As in elective TEVAR, 
collateral circulation after balloon occlusion of CA should 
be confirmed by contrast examination of the superior 
mesenteric artery. However, ischemic complications in 
the CA region were reported to occur after the occlusion 
of the origin of the CA by a SG, even when collateral 
blood flow from the superior mesenteric artery to the CA 
region had been confirmed.532 If possible, the blood flow in 
the CA should be secured by the parallel or periscope 
technique using a SG with a small diameter741 or hand-made 
fenestrated SG.

Fenestrated SG or branched SG is used in the complete 
endovascular treatment of TAAA rupture that requires 
reconstruction of the abdominal branch. The latter is used 
if there is a possibility of urgent response (off-the-shelf), 
and treatment of TAAA rupture using branched SG has 
shown relatively favorable results, with a 30-day mortality 
rate of 6% and SCI of 6%.742 However, it will take some 
time for the technique to be widely used worldwide. In 
addition, the sandwich method, which combines an existing 
SG and a long covered stent with a small diameter, has 
achieved highly favorable results for the rupture of 
TAAA.743 Covered stents with a small diameter have been 
approved in Japan; however, their use is not indicated for 
aortic aneurysms yet.

Therefore, hybrid treatment is an option, in which a SG 
is inserted after opening the abdomen and bypassing the 
abdominal branch from a more distal artery (abdominal 
debranching). However, the abdominal debranching itself 
is highly invasive, and its superiority over open surgery is 
not clear even in elective cases.744 Since abdominal 
debranching requires time in the treatment of rupture, its 
results have been poor in cases of rupture presenting with 
extravascular hematoma in CT examination, although it 
may be used for patients with impending rupture presenting 
with only pain,745 and it is not indicated for cases with shock.

 ▋1.4 Extensive Thoracic Aortic Aneurysm
  ▋ 1.4.1 Open Surgery

Although the definition of extensive TAA has not been 
established, this section defines it to be non-dissecting TAA 
from the aortic arch to the descending aorta or abdominal 

aorta, and its surgical indications and procedures are 
described.

a. Approach
Due to its anatomical limitations, the region from the arch 
to the distal aortic arch is a general surgical range of 
median sternotomy. In addition, by using TEVAR in 
combination, surgical intervention in the descending aorta 
can be made through median sternotomy. On the other 
hand, the surgical range of left thoracotomy can include 
the thoracoabdominal aortic region by adding the distal 
arch-descending aortic approach and the retroperitoneal 
approach. Surgery of extensive TAA is planned by 
combining median sternotomy and left thoracotomy 
approach, and one-stage or staged surgery is planned, 
taking anatomical limitations and surgical tolerance of 
each patient into consideration.

b. One-Stage Surgery
An approach in one-stage surgery is selected from median 
sternotomy, median sternotomy + left thoracotomy, or left 
thoracotomy. In median sternotomy, normal heart-lung 
machine operation and hypothermia can be applied, but 
peripheral anastomosis to the descending aorta requires 
sophisticated surgical techniques, and various anastomotic 
methods have been reported.600

The procedure that combines arch surgery by median 
sternotomy and open SG allows surgical intervention in 
the descending aorta and reduces surgical invasion; 
however, it was reported to increase the incidences of SCI 
and cerebral infarction.380,746,747 The 2015–2016 annual 
report of JCVSD showed that the incidences of SCI in 
non-dissecting aortic aneurysm surgery were 5.4% (n=958) 
in hybrid surgery and 2.0% (n=2938) in arch replacement, 
and attention must always be paid to SCI when using an 
open SG.711 In 1996, Kato et al. reported the clinical results 
of the open SG method,749 which is also called the “frozen 
elephant trunk (FET) method”592,746 as the procedure fixes 
the elephant trunk (ET) with a stent.750 Commercial open 
SGs have been available in Japan since 2014.

The sternotomy + left thoracotomy approach enables 
reliable surgical operation and typical heart-lung machine 
operation as it exposes the entire length of the descending 
aorta from the arch. However, the addition of left thora-
cotomy increases the surgical invasion, resulting in an 
increased incidence of respiratory complications.751 The 
following approaches have been used: (1) Median 
sternotomy + left thoracotomy: Peripheral anastomosis of 
the descending aorta is performed by adding left thoracotomy 
to median sternotomy. It includes the pull-through method, 
which runs a prosthetic graft in the descending aorta,752 
and a procedure that excludes the descending aorta.753 (2) 
Partial sternal incision + left anterior lateral thoracotomy: 
This uses the L-shaped thoracotomy (door open) method, 
which combines upper partial sternal incision and left 
anterior lateral incision,754,755 the antero-lateral partial 
sternotomy (ALPS) method, which combines lower partial 
sternal incision and left anterior lateral incision,756 and the 
clamshell method, which combines left anterior lateral 
incision with trans-sternal incision.757

Operation for the aortic arch is possible even in the left 
thoracotomy approach by expanding the thoracotomy 
range to the cranial side. Descending/thoracoabdominal 
aortic replacement from the arch by left posterior lateral 
thoracotomy was reported.758
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c. Staged Surgery
Staged surgery is considered useful in reducing the surgical 
risks and invasiveness of each procedure; however, there is 
always concern about the risk of aortic events while 
awaiting a second-stage surgery. Basically, the initial surgery 
is aortic arch replacement by median sternotomy, during 
which ET or FET is commonly used to prepare for the 
second-stage surgery. Descending aorta replacement by 
left thoracotomy and thoracoabdominal aortic replacement 
are performed in the second-stage surgery; however, 
TEVAR to the descending aorta can be performed to 
complete the procedure in several cases. In addition, since 
arch replacement + FET leads to an increased risk of 
SCI,746 some have performed arch replacement + ET as the 
initial surgery and completed the second-stage surgery 
with TEVAR.

d. Hybrid Surgery
A procedure that combines conventional prosthetic graft 
replacement and TEVAR has been accepted as hybrid 
surgery. Bavaria et al.605 classified hybrid surgery into type 
1, which performs TEVAR on the aortic arch by bypassing 
three arch branches from the central side of the ascending 
aorta, type 2, which performs TEVAR on the aortic arch 
by reconstructing three arch branches from the prosthetic 
graft replacing the ascending aorta, and type 3, which 
performs TEVAR with aortic arch replacement + ET. Type 
1 hybrid surgery can be performed without the use of a 
heart-lung machine; however, it was reported to have an 
increased risk of cerebral infarction.759

e.  Surgical Indications and Procedure Selection 
Considering Risks

Surgical indications and procedure selection for extensive 
TAA need to be always examined in consideration of the 
surgical risks and the incidence of complications.

According to the 2014 annual report of the Japanese 
Association for Thoracic Surgery, the operative mortality 
rate of extensive TAA varies depending on the surgical 
range. The in-hospital mortality rate for non-dissecting 
aortic aneurysms is 3.5%, if the surgical range is limited to 
the ascending/arch region, whereas it is 10.2% if the surgical 
range is the aortic arch+descending aorta, indicating that 
surgical risks increase with wider surgical range. Further-
more, extensive TAA was reported to have high incidences 
of cerebral infarction and SCI due to intense atherosclerotic 
lesions and poor vascular conditions.760 The surgical indi-
cations for extensive TAA require careful consideration 
since they are determined by the balance between the risk 
of aortic rupture and surgical risks.

  ▋ 1.4.2 Endovascular Treatment
If extensive TAA requires surgical operation on the arch 
involved in cerebral circulation and on TAAA surrounding 
the diaphragm, a SG may be used partially or entirely to 
minimize the invasiveness. In such a case, the prosthetic 
graft replacement or SG deployment (TEVAR) is identical 
to the procedure performed individually, and surgical 
strategy is determined by balancing between acceptable 
surgical invasiveness and anatomical requirements required 
for TEVAR.

It is theoretically possible to treat any aorta by TEVAR 
if a landing zone can be set in the ascending aorta and iliac 
artery. However, if the diameter of the ascending aortic has 
enlarged to 40 mm or larger, banding of the aorta or 

replacement of the ascending aorta is considered. If the 
enlargement of the ascending aorta is continuous with the 
enlargement of the arch, ET or open SG is deployed by 
ascending arch replacement, and it is used as the central 
landing zone of TEVAR for the descending or thoracoab-
dominal aorta. In this case, the aneurysm of the ascending 
aorta or aortic arch itself may not have reached the 
surgically indicated diameter (55 mm or larger); however, 
indications need to be determined by considering the 
balance of different factors, such as performing ascending 
replacement to avoid arch replacement that requires cere-
bral protection and performing arch replacement by a 
median sternotomy in consideration of high invasiveness 
of arch surgery by left thoracotomy.

When selecting hybrid surgery for extensive TAA, an 
emphasis is placed on TEVAR for the descending aorta. If 
it is extended to the thoracoabdominal aorta, complete 
endovascular treatment may be performed using a branched 
SG, although its device has not been approved in Japan. 
TEVAR may be performed in combination with bypass 
surgery for the abdominal branch.

In addition to cerebral infarction caused by surgical 
operation for the aortic arch and SCI caused by surgical 
operation for the thoracoabdominal aorta, various 
complications related to each surgery are considered, and 
extensive surgical operation increases their risks as a whole.

2. Abdominal Aortic Aneurysm

 ▋2.1  Medical Treatment and Indications for Invasive 
Treatment (Table 22)

Non-dissecting AAA is, in principle, asymptomatic, and it 
is often diagnosed incidentally during medical check-ups. 
Moreover, it may be detected due to an abdominal pulsatile 
mass. The treatment policy for AAA needs to be determined 
according to its maximum diameter. Aortic aneurysms tend 
to continue to enlarge once they occur, and it is important 
to diagnose/treat asymptomatic patients since more than 
80% of ruptured cases cannot be saved even if patients are 
transported to a hospital by emergency services.265,266

Medical treatment for AAA aims to prevent the 
enlargement/rupture of the aneurysm and reduce the risk 
of cardiovascular events associated with atherosclerosis. 
To date, there is no evidence showing that the enlargement 
of aortic aneurysms is suppressed by drug therapy. On 
the other hand, smoking is a serious risk factor for the 
enlargement/rupture of AAA, and guidance for smoking 
cessation is an important part of its medical treatment. 
Furthermore, AAA patients are at a high risk of cardio-
vascular events, and the major cause of late death after 
open surgery for AAA is heart disease, followed by lung 
cancer, and pulmonary disease.768 A survey on the long-term 
prognosis of open surgery cases of AAA reported that 
approximately 40% of deaths were related to cardiovascular 
disease and that 22% were myocardial infarction.317 A 
study examined coronary angiography performed before 
elective open surgery in patients with infrarenal AAA, and 
more than half were shown to have CAD.769 A study 
evaluating the presence of coronary artery ischemia by 
stress myocardial SPECT reported that 37% of AAA 
patients had myocardial ischemia and that its occurrence 
was higher in patients complicated by peripheral artery 
disease (77%).770 Based on these, atherosclerotic risk factors 
in AAA patients must be strictly managed, and it is 
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important to screen for atherosclerotic diseases, aiming to 
reduce the risk of cardiovascular disease, which they are at 
a high risk of developing.

  ▋ 2.1.1 Blood Pressure Target
There is no blood pressure target for AAA patients that is 
supported by evidence; however, as in TAA, a blood 
pressure below 130/80 mmHg is desirable.

  ▋ 2.1.2 Drug Therapy
a. β Blockers
An RCT on propranolol reported that the drug did not 
decrease the enlargement rate of AAA and decreased the 
QOL of patients.290 However, β blockers may be useful in 
patients with AAA depending on their comorbidities, such 
as chronic heart failure and CAD, and their use needs to 
be examined for each case.

b. ACE Inhibitors and ARBs
A large-scale case control study on the general population 
suggested the benefits of ACE inhibitors in preventing 
rupture (odds ratio 0.82, 95% CI 0.74–0.90).771 However, 
two recently reported studies showed conflicting results. 
The UK Small Aneurysm Trial indicated that the use of 
ACE inhibitors was associated with the enlargement of 
AAA,772 while the Chichester study suggested that ARBs 
and aldosterone blockers suppress the enlargement rate.773 
An RCT of AAA patients showed no significant difference 
between ACE inhibitors and Ca blockers in the effects on 
the enlargement of arterial aneurysms, indicating no 
superiority of ACE inhibitors.774 Based on these, ARBs/
ACE inhibitors are not clearly effective in suppressing the 
enlargement of AAA, and their use needs to be examined 
for each case based on its comorbidity.

c. Other Antihypertensive Drugs
There is no sufficient evidence showing that the enlargement 
of aortic aneurysms is suppressed by antihypertensive 
drugs, such as antihypertensive diuretics, Ca blockers, 
and mineralocorticoid receptor blockers. A report showed 
that Ca blockers tended to suppress the enlargement of 
aortic aneurysms, although the effect was not statistically 
significant.305

d. Statins
No RCT has clearly shown the preventive effect of statins 

on the enlargement/rupture of AAA, and the association 
was not observed in retrospective studies.772,774 However, a 
recent large-scale meta-analysis suggested that statins may 
be a factor in suppressing the enlargement/rupture of AAA 
and reducing the perioperative risk of surgery for AAA, 
and their effect of suppressing the onset of cardiovascular 
events in patients with atherosclerosis has also been 
reported.766 Thus, their administration to patients with 
AAA is recommended.

e. Antiplatelet Agents
The administration of antiplatelet agents was reported to 
improve the 5-year survival rate in AAA patients. Thus, 
the administration of antiplatelet agents is considered in 
patients with AAA complicated by atherosclerotic diseases.

  ▋ 2.1.3 Rest Level, Exercise, and Smoking Cessation
Smoking is said to increase the enlargement rate of aortic 
aneurysms by 20–25%, and conversely, smoking cessation 
reduces the risk of its enlargement.271,272,761,762 It has been 
found that smokers have a higher rate of AAA rupture and 
a higher rate of mortality from rupture than nonsmokers 
or ex-smokers.763,764 A recent meta-analysis using data from 
15,475 cases of AAA with a maximum minor axis exceeding 
30 mm showed that ongoing smoking was associated with 
the aneurysm enlargement rate of 0.35 mm/year, which is 
twice the enlargement rate in ex-smokers or nonsmokers.311 
Similarly, a study on the general population showed that 
smoking was the most important predictor of the outcome 
of aortic aneurysms.273

The usefulness of dietary intervention and exercise 
prescription for the enlargement of AAA has not been 
demonstrated; however, both provide necessary guidance 
for AAA patients at high risk of atherosclerotic diseases. 
In a recent trial of 140 patients with AAA with a maximum 
minor axis of below 55 mm, 3 years of training at the 
workplace and home led to no difference in the enlargement 
rate of aortic aneurysms compared to the conventional 
treatment; however, it resulted in the improvement of the 
cardiopulmonary function.775 However, intense isometric 
training is not recommended.

  ▋ 2.1.4 Determining the Limit of Medical Treatment
The limit of medical treatment may be considered as the 
time when the rupture of AAA becomes highly probable. 
Specifically, the following risks are assessed after adequate 

Table 22. COR and LOE for the Medical Treatment and Follow-up of Abdominal Aortic Aneurysm

COR LOE

It is recommended to give guidance for smoking cessation271–273,311,761–764 I A

 It is recommended to follow up aneurysms with a small diameter (<40 mm) using abdominal 
echography765 I B

 It is recommended to perform strict blood pressure management with a target systolic blood 
pressure below 130/80 mmHg763,766 I C

 It is recommended to follow up aneurysms with CT or abdominal echography as follows765,767:
  Every 3–6 months for aneurysms with a maximum minor axis of 50–55 mm
  Every 6–12 months for aneurysms with a maximum minor axis of 40–50 mm
  Every 1–2 years for aneurysms with a maximum minor axis of 30–40 mm
(See Table 68)

I B

 Invasive treatment should be considered if the enlargement rate of the aneurysm diameter is 
≥5 mm/6 months at the time of follow-up765,767 IIa C

COR, class of recommendation; CT, computed tomography; LOE, level of evidence.
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antihypertensive treatment, guidance for smoking cessation, 
and lipid management. Once the indications for invasive 
treatment intervention shown in the next section are 
reached, the treatment policy at a medical institution capable 
of multimodal therapy intervention needs to be considered.

a. Risk Assessment of Abdominal Aortic Aneurysm
Rupture risk of AAA is assessed by the diameter and 
enlargement rate of the aortic aneurysm, the shape of the 
aneurysm, and epidemiological factors.

Aortic aneurysms with a larger maximum minor axis 
have greater wall tension,761,776 which leads to a greater 
likelihood of rupture (Table 23).777,778 The enlargement rate 
of aneurysm diameter affects the risk of rupture, and aortic 
aneurysms that enlarge significantly faster have a higher risk 
of rupture. With regard to the shape of aortic aneurysms, 
the saccular type has a higher risk of rupture than the 
fusiform type.779 In addition, aneurysms exhibiting a 
protrusion are also likely to rupture.780,781

Epidemiological surveys conducted in Europe and the 
United States showed that the incidence of aortic aneurysm 
rupture was three times higher in women than in men763,782,783 
and that hypertension, smoking, and complication of 
COPD increased its incidence.764,784,785 In particular, with 
regard to smoking, the risk of death from the rupture of an 
aortic aneurysm increases 6.5 times for tobacco, 6.7 times 
for cigars, and 25 times for cigarettes.19 The risk of rupture 
is higher in patients with a family history of AAA.786 In 
these cases, it is reasonable to set the target of invasive 
treatment intervention to 55 mm or smaller.

b.  Risk of Peripheral Arterial Embolism Due to Aortic 
Aneurysm

It has been reported that 3–29% of patients with AAA are 
complicated by peripheral arterial embolism;787–789 however, 
it is difficult to predict whether AAA is the peripheral 
embolic source.

  ▋ 2.1.5 Imaging Follow-up
If AAA is detected by screening, death from its rupture 
can be reduced by treatment at optimal timing.765,767 
Therefore, regular imaging follow-up is important. 
Abdominal echographic examinations are thought to 
underestimate the size of aortic aneurysms compared to 
CT examination; however, a follow-up with echographic 
examination is recommended if the aortic aneurysm has a 
small diameter (below 40 mm).765 If the maximum minor 
axis of AAA on CT examination taken during its initial 

diagnosis indicates invasive treatment (55 mm or larger in 
men and 50 mm or larger in women), invasive treatment is 
considered after the general condition of the patient is 
evaluated.

CT re-evaluation (abdominal echography can be used if 
the aneurysm is smaller than 40 mm) is performed using 
the following as a guide: every 3–6 months if the aneurysm 
is 50–55 mm (or detailed examination for surgery is started), 
every 6–12 months if it is 40–50 mm, and every 1–2 years if 
it is 30–40 mm. If the aneurysm enlarges by 5 mm or larger 
in 6 months, invasive treatment is considered after the 
general condition of the patient is evaluated. Moreover, 
follow-up at shorter intervals is considered for women 
smokers. Imaging follow-up after invasive treatment for 
AAA is discussed in the section of surveillance (See “2. 
Surveillance” in Chapter X).

  ▋ 2.1.6 Indications for Invasive Treatment
A maximum minor axis of 55 mm or larger in men and 
50 mm or larger in women are recommended as indications 
of AAA for invasive treatment. However, invasive treat-
ment may also be considered for AAA with a maximum 
minor axis of below 40–50 mm, depending on age, physical 
constitution, and gender of the patient, as well as 
morphology/shape and enlargement rate of the aortic 
aneurysm.

PQ 8.
What Size of Abdominal Aortic Aneurysm (Millimeters in 
Diameter) Is Indicated for Invasive Treatment?

Recommendation
An aneurysm diameter (maximum minor axis) of ≥55 mm 
is an absolute indication for invasive treatment, and an 
aneurysm diameter of ≥50 mm is also acceptable as an 
indication. Moreover, women are at a high risk of rupture, 
and invasive treatment is considered if the diameter of their 
aneurysm is ≥45 mm.

Invasive treatment of asymptomatic AAA aims to prevent 
its rupture. On the other hand, symptomatic AAA indicates 
that the aneurysm has ruptured or its rupture is impending, 
and its invasive treatment aims to save the lives of the 
patients. In addition, saccular-type aneurysms are often 
judged to have a high risk of rupture due to their shape. 
Therefore, aneurysm diameter is not an indication criterion 
for invasive treatment of symptomatic and saccular-type 
AAA, and the invasive treatment indications for “asymp-
tomatic fusiform AAA,” which accounts for the majority 
of AAA, are discussed in this PQ.

Two studies focusing on AAA with a diameter of 
40–55 mm, the UK Small Aneurysm Trial790 and American 
Aneurysm Detection and Management,791 showed that 
whether prosthetic graft replacement is performed before 
or after aneurysm diameter reaches 55 mm had no impact 
on life prognosis after open surgery. Similarly, two studies, 
the Comparison of Surveillance vs. Aortic Endografting 
for Small Aneurysm Repair (CAESAR)792 and the Positive 
Impact of Endovascular Options for Treating Aneurysm 
Early (PIVOTAL) Study,793 showed that it had no impact 
on life prognosis after EVAR, which is another pivotal 
treatment. Based on these results, invasive treatment (open 
surgery and EVAR) for AAA with an aneurysm diameter 
of ≥55 mm was classified as the class of recommendation 1 

Table 23. Estimated Annual Rupture Rate by Abdominal 
Aortic Aneurysm Diameter

Maximum minor axis (mm) Rupture rate (%/year)

<40 0

<40–50 0.5–5　　　
<50–60   3–15

<60–70 10–20

<70–80 20–40

≥80 30–50

(Adapted from Brewster DC, et al. 2003778 with modifications) 
Copyright (2003) Society for Vascular Surgery and The American 
Association for Vascular Surgery, with permission from Elsevier. 
https://www.sciencedirect.com/journal/journal-of-vascular-surgery

https://www.sciencedirect.com/journal/journal-of-vascular-surgery
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and the level of evidence A in the guidelines in Europe and 
the United States. Therefore, an aneurysm diameter of 
≥55 mm is also used as an absolute indication for invasive 
treatment in Japan.

On the other hand, elective surgery in Japan has shown 
highly favorable results, and its operative mortality rates 
in the report from the Japanese Society for Vascular 
Surgery were 1.0% for open surgery and 0.7% for EVAR,794 
which are more favorable than those in Europe and the 
United States mentioned above. Therefore, many facilities 
in Japan have used an aneurysm diameter of ≥50 mm as an 
indication for invasive treatment, and it has also been 
acceptable. In addition, the risk of rupture is said to be 
four times higher in women than in men,311,763,795 and a 
meta-analysis showed that the risk of rupture in women 
with an aneurysm diameter of 45 mm was comparable to 
the risk of rupture in men with an aneurysm diameter of 
55 mm.795 Thus, considering the favorable surgical results 
in Japan, an aneurysm diameter of greater than 45 mm 
may be used as a relative indication in women with smaller 
physical constitution than men. However, RCTs like the 
four studies above have not been conducted in Japan, and 
the level of recommendation for the current indication in 
Japan is not necessarily high.

 ▋2.2 Unruptured Abdominal Aortic Aneurysm
  ▋ 2.2.1 Surgical Indications (Table 24)

Treatment of AAA and iliac artery aneurysm includes open 
surgery (prosthetic graft replacement) and SG deployment 
(EVAR); however, there is no difference in their indications.

a. Abdominal Aortic Aneurysm
In the guidelines in Europe and the United States, AAA 
with a diameter of 55 mm or larger is indicated for invasive 
treatment. However, many facilities in Japan use a diameter 
of 50 mm or larger as an indication because of its favorable 
surgical results. Four RCTs (two by open surgery790,791 and 
two by EVAR797,798) have been conducted to determine 
treatment policy for arterial aneurysms with a diameter of 
smaller than 55 mm. However, they showed no difference 
between the follow-up group and the early-treatment 
group in the long-term survival rate, and follow-up is 
recommended from the viewpoint of cost. Many arterial 
aneurysms were found to enlarge over time,796 and the 
treatment of an aneurysm is determined when its diameter 
reaches the treatment indication during follow-up. In 
addition, even with the same aneurysm diameter, the 
rupture rate in women is four times that in men,795 and it 
is reasonable to set the aneurysm diameter for surgical 
indication in women smaller than that in men. Aneurysms 
with a maximum minor axis of below 40 mm are not indi-
cated for surgery due to their low risk. However, surgery 
needs to be considered for saccular-type aneurysms and 
aneurysms with protrusion regardless of their diameter due 
to their high risk of rupture. The enlargement rate differs 
depending on the aneurysm diameter (Table 23). Many 
consider that surgery is performed for aneurysms with an 
enlargement rate of 5 mm/6 months or more, although it 
has not been investigated in RCT.799,800 In any case, 
symptomatic AAAs have a risk of rupture and indicate 
surgery.801–803

In addition, many AAAs that are an embolic source to 

the periphery have a small diameter.788,804 Invasive treatment 
is considered if embolism is frequently observed. Because 
infected AAA has a high probability of rupture, open 
surgery is mainly performed regardless of the diameter of 
the aneurysm.805,806 Coagulation disorder related to AAA 
may be indicated for invasive treatment.83,806

b. Iliac Artery Aneurysm
Historically, several aneurysms with a diameter of 30 mm 
or larger have been indicated for treatment; however, there 
were no guidelines. The 2019 ESVS guidelines321 set the 
criterion of “treatment may be considered for aneurysms 
with a diameter of 3.5 cm or larger” for the first time; 
however, its solid evidence has been scarce. The ESVS 
guidelines also mentioned that follow-up up to 40 mm is 
recommended in men with advanced age based on the 
results of recent retrospective multicenter studies.807

  ▋ 2.2.2 Preoperative Evaluation (Table 25)
a.  Evaluation of Aortic Aneurysm and Complicating 

Arterial Aneurysm at Other Sites
Although 95% of AAAs occur below the renal artery 
bifurcation,83,808 the aneurysms forming immediately below 
the renal artery require aortic cross-clamping at the upper 
part of the renal artery bifurcation. In addition, TAA, 
which complicates 12% of the cases,808 the presence of the 
inferior branch of the renal artery, internal iliac artery 
aneurysm, which complicates approximately 1/4 of the 
cases, and peripheral arterial aneurysm, which complicates 
3.5% of the cases (femoral artery, popliteal artery),809,810 
are examined by imaging examinations.

b. Evaluation of Surgical Risks
Factors affecting the operative mortality rate of AAA 
include cardiac function, pulmonary function, renal 
function, and age of patients, as well as the positional 
relationship between the renal artery and an aneurysm, the 
presence or absence of internal iliac artery aneurysm 
complications, the degree of aortic wall calcification, 
inflammatory arterial aneurysms, and experience of 
operator.810–814 Elective surgery for AAA in specialized 
facilities that have performed many surgeries has shown 
favorable results. Its operative mortality rate was reported 
to be 1–5%, and many have reported that the rate in Japan 
is 1% or lower. If it is not limited to specialized facilities, 
the operative mortality rate is high at 4–8%.812–816 Therefore, 
the ESVS guidelines recommend its surgical treatment in 

Table 24. COR and LOE for Indications for the Invasive 
Treatment of Unruptured Abdominal Aortic 
Aneurysm

COR LOE

 It is recommended to perform invasive 
treatment if the aneurysm diameter is 
≥55 mm790,791,796–798

I A

 It is recommended to perform invasive 
treatment promptly for symptomatic patients I C

 Invasive treatment should be considered if the 
aneurysm diameter is ≥50 mm IIa C

 Invasive treatment should be considered for 
saccular type aneurysms or aneurysms that 
show a rapid enlargement (≥5 mm/6 months)

IIa C

COR, class of recommendation; LOE, level of evidence.
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facilities with 30 or more cases per year.321,816

c. Evaluation of CAD
Open surgery for AAA is classified as a high-risk surgery 
in the ACC/AHA322 and ECS guidelines;321,323 however, 
preoperative invasive detailed examinations, such as coro-
nary angiography, are not recommended for any cases. 
The clinical severity of patients with stable cardiovascular 
disease is classified into the low-risk group, intermediate-risk 
group, and high-risk group by scoring preoperative cardio-
vascular risk.315,320,322,323,817 Additional detailed examinations 
are not essential in the low-risk group. On the other hand, 
patients with low exercise tolerance (below 4 METs) or 
patients with symptomatic cardiovascular diseases (such as 
unstable angina, decompensated heart failure, severe 
valvular disease, and arrhythmia) require preoperative 
detailed examination and treatment.

It has been reported that the preoperative initiation of 
statin administration suppresses the occurrence of cardio-
vascular events after vascular surgery, and additional 
administration of statins is recommended.315,321,818,819 On 
the other hand, multiple RCTs showed that the new 
administration of β blockers before surgery worsened 
cerebrovascular diseases and mortality rate, denying its 
usefulness.820–823 If the preoperative administration of β 
blockers is started to control heart disease, there should be 
sufficient time before surgery.

Whether to perform preoperative coronary revascular-
ization in patients with coronary artery stenosis is 
controversial. Preoperative preventive coronary revascu-
larization is not always recommended in patients with stable 
cardiac symptoms. On the other hand, it was reported that 
preoperative coronary artery revascularization did not 
reduce perioperative acute myocardial infarction and 
long-term mortality in patients with stable coronary artery 
lesions without the complication of at least 50% degree of 
stenosis lesion in the left main trunk, left ventricular failure 
with LVEF of 20% or lower, or severe aortic valve 
stenosis.326,823 However, both of these were reported over-
seas 15 years ago, and there have been slight changes in the 
situation since then. There has been marked progress in 
coronary artery catheterization (percutaneous coronary 
intervention, PCI) and coronary artery bypass surgery 
under non-extracorporeal circulation (off-pump coronary 
artery bypass, OPCAB), which are actively performed in 
Japan, and not only surgery but also EVAR can now be 
selected for the treatment of AAA. With sufficient consid-
eration of these, the optimal treatment should be selected 
for each case and for each facility.

  ▋ 2.2.3 Open Surgical Procedure (Table 26)
a. Approach
There are two methods to reach AAA: transperitoneal 
and retroperitoneal routes. The transperitoneal route can 
quickly obtain a wide field of view and search for intra-
peritoneal organs, but it tends to result in the slow recovery 
of postoperative intestinal motility. The retroperitoneal 
route enables the operation of displacing the left kidney to 
the right, and it is considered to be an effective approach 
in patients with “hostile abdomen” with a history of lapa-
rotomy, peritonitis, or radiation exposure of abdominal 
organs, and patients with a pararenal artery aneurysm or 
inflammatory arterial aneurysm who require clamping of 
the upper aorta of the renal artery bifurcation.315 EVAR 
has been performed in recent years, which has led to 
changes in the target of open surgery. Thus, open surgery 
is now more commonly performed on aneurysm patients 
who are not anatomically suitable for EVAR, and it is 
important to select a suitable approach for each case.

b. Aortic Cross-Clamping
The condition of calcification of the wall and atheroma of 
the aortic cross-clamping site must be evaluated by CT 
preoperatively. Clamping of the suprarenal aorta, including 
the upper CA, is required if clamping at the infrarenal 
aorta is not possible. Suprarenal aortic cross-clamping 
may reduce the renal function of the patient and increase 
complications; however, it has also been reported that its 
operative mortality rate is comparable to that of infrarenal 
aortic cross-clamping in specialized facilities with a large 
number of cases.326,827–829

c. Selection of Prosthetic Graft
The difference in complications does not depend on the 
type of prosthetic graft, and it may be selected by the 
operator’s preference. The selection between the straight 
graft and branched graft is determined by the dilatation of 
the iliac artery. In addition, rifampicin immersion is used 
after infected AAA or prosthetic graft infection is detected, 
with the expectation of its preventive effect on prosthetic 
graft infection; however, it has not been clearly supported 
by evidence.828,830

d. Maintenance of Pelvic Blood Flow
Surgery of AAA may obstruct blood flow in the inferior 
mesenteric and internal iliac arteries, resulting in ischemic 
colitis, buttock claudication, sexual dysfunction, and SCI; 
nevertheless, their occurrence is influenced by multiple 
factors.

Table 25. COR and LOE for the Preoperative Evaluation of 
Unruptured Abdominal Aortic Aneurysm

COR LOE

 It is recommended to perform preoperative 
detailed examination/treatment intervention 
by cardiologists for patients with low exercise 
tolerance (below 4 METs) or significant 
cardiovascular diseases (such as unstable 
angina, decompensated heart failure, severe 
valvular disease, and arrhythmia)322,323

I C

COR, class of recommendation; LOE, level of evidence.

Table 26. COR and LOE for Open Surgical Procedure for 
Unruptured Abdominal Aortic Aneurysm

COR LOE

 It is recommended to preserve at least one 
side of the internal iliac artery blood flow824–826 I C

 Reconstruction of the inferior mesenteric artery 
should be considered for patients with a 
stenosing lesion in the celiac or superior 
mesenteric artery, dilated collateral flow from 
the inferior mesenteric artery, a history of 
colectomy, or the internal iliac artery that 
cannot be preserved315,320–323,817

IIa C

COR, class of recommendation; LOE, level of evidence.
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The preventive effect of reconstruction of the inferior 
mesenteric artery on ischemic colitis remains controver-
sial;830–834 however, an RCT concluded that it has no 
preventive effect.834,835 Reconstruction of the inferior 
mesenteric artery needs to be considered to prevent ischemic 
colitis if a stenotic lesion is found in the CA or superior 
mesenteric artery, if the dilated collateral flow from the 
inferior mesenteric artery is found, if the patient has a 
history of colectomy, or if the internal iliac artery cannot 
be preserved.315,320–323,817

Traditionally, it was thought at least one side of the 
internal iliac artery should be reconstructed to prevent 
ischemic colitis, buttock claudication, sexual dysfunction, 
and SCI. It has been reported that colon ischemia occurs 
in 0.3% of cases when either side of the internal iliac artery 
is reconstructed and in 2.6% of cases when bilateral 
reconstruction is not performed.824–826,835,836 In 48 cases of 
bilateral internal iliac artery non-reconstruction (32 cases 
of EVAR and 16 cases of open surgery), buttock claudica-
tion and erectile dysfunction were reported to occur in 42% 
and 14%, respectively, although no severe complications 
were found.824,836 It is desirable to ensure blood flow in the 
internal iliac artery on at least one side, even though it has 
not been clearly supported by evidence.824–826

e. Long-Term Results
As described below (“2.2.4.b Results of Randomized 
Controlled Trials” in the next section), multiple RCTs have 
reported the long-term total survival rate, aneurysm-related 
mortality rate, and retreatment rate of patients who are 
anatomically indicated for both open surgery and EVAR.

The reports from the Vascular Study Group of New 
England registry are the latest and largest for cases that 
require clamping of the suprarenal aorta, which are not 
indicated for normal EVAR. The mortality rate within 30 
days after surgery was significantly higher in cases that 
required suprarenal clamping (443 cases) than in cases of 
infrarenal clamping (1,432 cases) (3.6% vs. 1.2%, P=0.002); 
however, there was no difference in the long-term prognosis 
between the two (postoperative 5-year survival rate of 
71%).837

It has been reported that the incidence of incisional hernia 
in the abdominal wound after open surgery for AAA is 

higher than that after open surgery for other diseases. 
Although it is thought to be associated with the fragility of 
connective tissue, it remains unclear.838 Moreover, its 
incidence is higher in the transperitoneal route than in the 
retroperitoneal route, and long-term incisional hernia is 
found in approximately 10% of cases.839

Other long-term complications include the pseudo arterial 
aneurysm at the anastomotic site. Edwards et al. reported 
that only 1% of cases had a pseudoaneurysm of the central 
anastomotic site 8 years after surgery. However, it was 
observed in 20% of cases 15 years after surgery, and the 
average period until detection was 12 years.840

  ▋ 2.2.4 Endovascular Treatment (Table 27)
EVAR was first reported in 1991 by Parodi and attracted 
global attention.862 In Japan, coverage of company-made 
SG by health insurance was also approved in 2006, and the 
technique has rapidly become accepted. Recently, it is 
important to appropriately select its indications with 
understanding of its advantages and disadvantages.

a. Indications and Devices
The indications are the same as those for open surgery (See 
“2.2.1 Surgical Indications” in this chapter).
i. Stent Graft
At present, 5 kinds of abdominal SGs are available for 
use in Japan. Because of differences in the anatomical 
requirements among the SGs, IFU (instructions for use) of 
each SG should be referred to. In performing EVAR, 
contrast-enhanced CT is performed first, and whether the 
lesion is anatomically appropriate for EVAR is evaluated. 
Although deviation from IFU on the physician’s discretion 
is possible, it should be remembered that it may exacerbate 
both the short-term and long-term results.845–852 Particularly, 
as the indication concerning the proximal landing zone 
strongly affects the results in the remote period, it should 
be observed.849,850,853

ii. EVAS
Recently, the concept of EVAS (endovascular aneurysm 
sealing) has been proposed as an alternative for EVAR. It 
is a method to prevent surgical complications, such as 
endoleak and migration, by completely sealing the interior 
of the aneurysm by inflating a polyurethane bag filled with 

Table 27. COR and LOE for EVAR for Unruptured Abdominal Aortic Aneurysms

COR LOE

It is recommended to perform EVAR with backup by a surgical team841,842 I C

It is recommended to perform life-time follow-up after treatment317,431,432,768,843,844 I A

 It is recommended to perform EVAR in patients who fulfill the anatomical requirements and 
conditions for the proximal landing zone423,425,426,845–854 I A

 EVAR should be considered for patients who fulfill the anatomical requirements and have a high 
risk for open surgery317,423,425,426,428,431,432,437,768,843,844,854–858 (See Table 10) IIa A

 Simultaneous implementation of coil embolization of the inferior mesenteric artery should be 
considered at the time of EVAR859 IIa B

 Preservation of antegrade blood flow of at least one internal iliac artery should be considered at 
the time of EVAR315,461 IIa B

 EVAR may be considered for patients who fail to fulfill the anatomical requirements other than 
those for the proximal landing zone845–853 IIb B

EVAR may be considered for pararenal abdominal aortic aneurysms860,861 IIb C

COR, class of recommendation; LOE, level of evidence; EVAR, endovascular aortic repair.
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polymer around a balloon expandable stent covered by 
PTFE (polytetrafluoroethylene).863 According to an early 
Western report, endoleak, migration, and enlargement of 
the aneurysm occurred more frequently than expected, and 
the ESVS guidelines also recommend it to be used only in 
clinical studies approved by the institutional review board 
until it is appropriately evaluated.321 Recently, a new 
device resembling EVAS in which polymer is filled in the 
proximal neck was also approved in Japan.

b. Results of Randomized Controlled Trials
The usefulness and safety of EVAR were first suggested by 
the EUROSTAR registry in 2002.864 Thereafter, RCTs 
about EVAR and open surgery were conducted in patients 
who fulfilled the anatomical requirements and were in 
good general health condition as the EVAR,425 DREAM,426 
OVER,854 and ACE trials,423 and long-term, as well as 
initial results, have been presented.
i. Short-Term Results
EVAR 1 was the first RCT that compared EVAR and 
open surgery performed in patients with AAA ≥55 mm in 
maximum minor-axis diameter who were aged 60 years and 
above and in good general condition and had anatomical 
indications for both EVAR and open surgery. The 30-day 
mortality (1.7% by EVAR, 4.7% by open surgery) and 
aneurysm-related mortality (3.5% by EVAR, 6.3% by 
open surgery) were both lower after EVAR, and no 
significant difference was observed in the overall mortality 
or aneurysm-related mortality after 6 months between the 
two groups.425

In DREAM, which was conducted under nearly the same 
conditions, also, the 30-day mortality (1.2% by EVAR, 
4.6% by open surgery) and aneurysm-related mortality 
(4.7% by EVAR, 9.8% by open surgery) were better after 
EVAR. The two-year survival rate was 89.7% by EVAR and 
89.6% by open surgery with no significant difference, but 
the aneurysm-related mortality was 2.1% by EVAR and 
5.7% by open surgery, being significantly lower by EVAR.426

In the OVER trial, the 30-day mortality was 0.5% by 
EVAR and 3% by open surgery and was significantly lower 
by EVAR,428,854 and the 2-year overall mortality also 
tended to be lower by EVAR.
ii. Intermediate-Term/Long-Term Results
In EVAR 1, the aneurysm-related mortality until after 4 
years was significantly lower by EVAR than by open 
surgery but reversed and became significantly higher by 
EVAR after 8 years. The primary cause of death was 
rupture of aneurysm. The re-treatment rate was significantly 
higher after EVAR, and the overall long-term mortality 
was inferior by EVAR.317

In DREAM, the aneurysm-related mortality after 6 
years was 68.9% by EVAR and 69.9% by open surgery, 
and that after 12 years was 38.5% by EVAR and 42.2% by 
open surgery, and no difference was observed at either 
point.431 The re-treatment avoidance rate after 6 year was 
70.4% by EVAR and 81.9% by open surgery, and after 12 
years was 62.2% by EVAR and 78.9% by open surgery, 
being significantly better by open surgery.431

In OVER, the aneurysm-related mortality after 9 years 
was significantly higher by EVAR, but the re-treatment 
rate did not differ significantly.768 No significant difference 
was observed in the survival rate, QOL, medical cost, or 
cost-benefit performance between the two procedures.844

In ACE, the survival rate showed no significant difference 
between open surgery and EVAR during a mean follow-up 

period of 3 years (82.4% by EVAR, 85.1% by open surgery). 
The re-treatment rate was significantly higher after EVAR 
(16% after EVAR, 2.4% after open surgery), and the 
aneurysm-related mortality tended to be higher after 
EVAR (4% after EVAR, 0.7% after open surgery).423

According to meta-analysis of the above 4 RCTs,432 the 
30-day mortality was lower by EVAR, and the overall 
mortality was also lower during 0–6 months but did not 
differ significantly during the subsequent follow-up period. 
The aneurysm-related mortality showed no difference 
between EVAR and open surgery from 30 days to 3 years 
after surgery but was higher in the EVAR group after 3 
years. The re-treatment rate was higher in the EVAR 
group, but the difference between the two groups was not 
clear when complications associated with laparotomy, 
such as abdominal wall incisional hernia and ileus, are 
taken into consideration as in OVER.428 However, as many 
of the SGs used were those of the first or second generation, 
caution is needed in interpreting the above result, and it is 
also necessary to include the results obtained by the use of 
new-generation SGs in the evaluation. However, considering 
the report that the incidence of complications increases 
8–10 years after EVAR, leading to loss of its superiority,856 
it is reasonable to recommend open surgery for young 
patients expected to have long-term survival.

EVAR 2 was an RCT conducted to compare EVAR 
and observation in frail AAA patients with no indication 
for open surgery (those with symptomatic heart failure, 
valvular disease, COPD, or chronic renal failure as a 
complication).857 The perioperative mortality (7.3%) and 
overall mortality (64%) after EVAR were higher than 
expected. During a 4-year follow-up period, EVAR was 
not superior in aneurysm-related mortality or overall 
mortality,437 but the aneurysm-related mortality was 
significantly lower in the EVAR group than in the obser-
vation group after 15-year follow-up.858

c. The Status Quo and Results in Japan
In Japan, SGs self-made at each facility were initially used, 
but company-made SGs were first approved to be covered 
by health insurance in 2006, and the number of patients 
who undergo EVAR has since increased continuously. 
According to the survey by the Japanese Society for 
Vascular Surgery, EVAR accounted for only about 2.7% 
of all surgical procedures in 2006, but the percentage of 
procedures including hybrid surgery increased to 55.7% in 
2014, and SG is used in a majority of operations.515,865

In Japan, a follow-up survey using web was made 
obligatory after the approval of company-made SGs. In 
December 2006, 11 (currently 10) related academic societies 
founded the JACSM for safe propagation of EVAR and 
established the Standards for Implementation of Abdominal 
Stentgrafting consisting of standards concerning the facility, 
physician, and instructor (http://stentgraft.jp). Since 2016, 
a registry in conjunction with NCD (National Clinical 
Database, http://www.ncd.or.jp/) has been in operation. 
According to the follow-up survey of 38,003 cases of 
EVAR registered during the 10 years from 2006 to 2015,440 
the surgical mortality was 0.08%, and the hospital mortality 
was 1.07%. Among the adverse events, renal dysfunction 
(2.6%) was the most frequent, and the incidences of 
endoleak were 6.7% for type I, 16.6% for type II, 0.6% for 
type III, and 0.6% for type IV. The overall survival rate was 
93.5% after 6 months, 88.3% after 1 year, 76.2% after 3 
years, 63.7% after 5 years, and 38.8% after 8 years. Also, 
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EVAR was performed not in compliance with IFU 
(instructions for use) in 47.6% of the cases, and poor access 
and marked calcification of the landing zone were strong 
risk factors for death, re-intervention, and adverse events.

d. Actual Procedure of EVAR
i. Preoperative Evaluation
Since EVAR does not require aortic clamping nor markedly 
affectc the hemodynamics,841 the ACC/AHA and ESC/ESA 
guidelines rates its risk level at low-moderate.12,866 Detailed 
examination of the heart is unnecessary if the patient has a 
physical activity level of ≥4METs and is asymptomatic, 
but individualized preoperative examinations and periop-
erative management are recommended if the patient has 
multiple risk factors such as coronary artery disease, 
congestive heart failure, diabetes mellitus, renal failure, 
and cerebrovascular disorder.866 Contrast-enhanced CT is 
performed to make judgments about indications for 
EVAR, and as preoperative planning using CT scans from 
the carotid artery to the femoral artery is important, it is 
necessary to check the anatomy including the access 
route.867 Usually, the aorta is approached via the femoral 
artery, but if there is concern over the femoral route due to 
thrombosis or severe calcification, the iliac artery or other 
vessels may be selected as an alternative access route.
ii. Preparations and Setting
EVAR is performed in an operation room with a radio-
graphic system capable of digital subtraction angiography 
(DSA) or an angiography room with a high level of clean-
ness permitting general anesthesia. Since necessary items 
vary with the type of the stent graft (SG), the surgeon 
should be well informed of the IFU of each SG. As the 
number of surgeons and the size of the facility affects the 
surgical results,841,842 the SVS guidelines recommend that 
EVAR be performed at facilities with the hospital mortality 
or open conversion rate of ≤2% and 10 or more cases 
annually.315

iii. Anesthesia
EVAR can be performed by any of general anesthesia, 
epidural anesthesia, and local anesthesia, but the 
EUROSTAR registry suggests that invasion is milder as 
anesthesia is lighter,868 and the operation time, duration of 
stay in the ICU, and duration of hospitalization were 
shorter, and the incidence of postoperative complications 
was lower, by local anesthesia than by general anesthesia. 
The findings of the ENGAGE registry were similar to 
those of the EUROSTAR registry, but epidural or local 
anesthesia is not recommended as the first choice, because 
there was no difference in the perioperative mortality.
iv. Surgical Techniques
Usually, the femoral artery is surgically exposed to insert the 
SG, but percutaneous insertion has begun to be selected in 
the trend for low-profile surgery. The percutaneous 
approach has been reported to have benefits, such as a 
shorter operation time and fewer wound complications, 
compared with the surgical approach.869 Since the placement 
method varies with the SG, the characteristics of each SG 
must be understood. After deployment of the SG, it is 
affixed using a balloon. Its placement in the optimal position 
and the absence of endoleak should be confirmed by 
angiography (Figure 56). By the SVS reporting standards, 
the “initial success” is defined as “placement in the optimal 
position and the absence of surgical death or open conver-
sion, limb occlusion, and type I/III endoleak”.340

v. Intraoperative Treatments
The SVS guidelines mention that preoperative therapeutic 
intervention for renal artery or superior mesenteric artery 
stenosis is permitted in consideration of the severity and 
postoperative complications if it is symptomatic but do not 
recommend it if it is asymptomatic.315

e. Complications Specific to EVAR
Since the incidence of remote-period complications and 
re-intervention rate are higher after EVAR than after open 
surgery,435 careful follow-up is necessary. Endoleak is a 
complication commonly observed in the remote period.
i. Endoleak
Endoleak (See Figure 52) is leakage of blood in aortic 
aneurysms after SG placement,340 and it may occur imme-
diately after the procedure or with a delay. It is classified 
into types I–V according to the cause. About half of the 
endoleaks (primarily type II) are resolved spontaneously,854 
anticoagulant therapy may increase the risk of postoperative 
endoleak.870 The risk of rupture of aneurysms due to 
endoleak is considered to be related to the intra-aneurysmal 
pressure, and the treatment varies with the type of 
endoleak.871,872

Type I: Leak of blood into aneurysms through a gap in 
the vascular wall between SG and the landing zone. It is 
classified into proximal (Ia) and distal (Ib) endoleaks and 
endoleaks that occur in iliac plug of the aorto-uniiliac SG 
(Ic). Since high-pressure blood flow enters the aneurysm, 
rupture is likely to occur,873 and prompt treatment is 
necessary. Type I endoleak is treated by either adding SGs 
and extending the landing zone874,875 or, if there is no landing 
zone that can be extended, additional balloon affixation or 
bare metal stent placement.875–877 On the proximal side, 
extension of the landing zone by the snorkel/chimney 
technique may be effective,878 but, if it is ineffective, open 
conversion should be considered.
Type II: Retrograde blood flow from branches (collaterals), 
which are primarily the lumbar and inferior mesenteric 
arteries. The ESVS guidelines classify it into the type caused 
by blood flow from the inferior mesenteric artery (IIa) and 
the type caused by blood flow from the lumbar artery 
(IIb).321 Type II endoleak often disappears spontaneously, 
and the risk of rupture is low (<1%).854,879 Type II endoleak 

Before treatment After treatment

Figure 56.  EVAR of abdominal aortic aneurysm.
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appears in 18% of the patients, persists in 5%, and newly 
appears during the course in 11%.879 Predictive factors 
include age, sex, device, presence or absence of coil 
embolization of the internal iliac artery, distal extension, 
intra-aneurysmal thrombus, and anatomical factors such 
as the number and diameter of the lumbar/inferior mesen-
teric arteries.879–882 Indications for treatment have not been 
established,472 but embolization is performed by transar-
terial or direct puncture.883 Embolization is made using 
materials, such as NBCA (n-butyl-2-cyanoacrylate) and 
coils, and its success rate is high using either material, but 
evidence concerning the timing of intervention or thera-
peutic effects is scarce.883–885 Recently, type II endoleak has 
been reported to be reduced by simultaneous embolization 
of the inferior mesenteric artery in EVAR.859

Type III: Leak of blood through the junction between SGs 
(IIIa) or due to breakdown of the fabric (IIIb). Similarly to 
type I, prompt treatment is necessary, but management by 
SG relining is possible.
Type IV: Leak from SG itself defined as “leak within 30 days 
after EVAR”.886 It is mostly thrombosed, and retreatment 
is usually unnecessary.
Type V (endotension): Enlargement of the aneurysm without 
clear endoleak detected by imaging examinations. Various 
mechanisms for its occurrence, such as increased graft 
permeability and direct transmission of pressure through 
the graft, have been proposed.887

ii. Stent Graft Occlusion
Stent graft occlusion is reported to occur at a probability 
of 1.4–8%,888–895 and its risk factors include tortuousness 
and calcification of the iliac artery and oversizing of 
≥15%,888,890,896 but the external iliac artery landing is 
reported to be the greatest risk factor.430,888,893

iii.  Enlargement of the Aortic Diameter in the Landing 
Zone

Enlargement of the aortic diameter in the landing zone is 
reported to occur at a frequency of 24.6%.343 Enlargement 
of the aortic diameter in the proximal landing zone is 

closely related to SG migration and type I endoleak.343

iv. Device Migration
Device migration is defined as “movement of ≥10 mm from 
the initial position of fixation”.897 A large aneurysm 
diameter, short landing zone, sharp curving of the landing 
zone, and SG size have been suggested as risk factors for 
proximal migration.884,898,899 Oversizing (>30%), a short 
landing zone (<20 mm), and the use of a flair rim are risk 
factors for distal migration.900–903

v. Open Conversion
There are acute and late open conversions. Acute open 
conversion may be caused by access problems, rupture due 
to a balloon, SG migration, renal artery occlusion, SG 
thrombosis, and unsuccessful SG placement and was 
observed in 16% of the patients early after the introduction 
of EVAR.904 It decreased markedly due to subsequent 
improvements in the device, and its incidence was 2.5% in 
the EVAR 1 trial and 1.8% in the DREAM trial. Late open 
conversion is often caused by endoleak. Many endoleaks 
can be managed by endovascular treatment, but open 
conversion is indicated if the aneurysm continues to 
enlarge. Initially, SG was completely removed, but the 
results of this treatment were poor. Recently, the results 
have been improved890,894,895 by partial removal of SG.905,906 
Presently, removal of the entire SG is considered unneces-
sary, and the basic approach is to treat only troubled parts.
vi. Sent Graft Infection
Stent graft infection occurs in 0.6% of the patients907 and 
often causes back pain and fever.908 The diagnosis is made 
by CT, Ga scintigraphy, or off-label use of FDG-PET.909 
Total extraction of SG is necessary for elimination of the 
infection focus, and reconstruction is often made by 
omentum wrapping in addition to anatomical prosthetic 
graft replacement or non-anatomical synthetic graft 
bypass,910 but the hospital mortality remains high.907 
Rifanpicin-bonded synthetic grafts and homografts may 
be used.911

Secondary aortoenteric fistula causes hematemesis or 

Before treatment After treatment

Figure 57.  Fenestrated EVAR for pararenal abdominal aortic 
aneurysm. The celiac artery is preserved, and the superior 
mesenteric artery and bilateral renal arteries are reconstructed 
using covered stents.

Before treatment After treatment

Figure 58.  Double snorkel EVAR for pararenal abdominal 
aortic aneurysm. Reconstruction of the bilateral renal arteries 
using custom-made stent grafts and bare metal stents.
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melena. The duodenum is the most frequent site of aorto-
enteric fistula, accounting for about 80% of all aortoenteric 
fistulas.912 For the treatment, complete removal of SG and 
resection and reconstruction of the digestive tract with 
fistula (See Chapter VIII, “8.1.4 Treatment”).

f. Postoperative Follow-up
Specific complications and late rupture have been reported 
as mentioned above, and lifetime follow-up is necessary. 
The JACSM recommends follow-up imaging examinations 
shortly after surgery (at discharge), 1 month, (3 months if 
endoleak is noted after 1 month), 6 months, and 1 year 
after surgery, and once every year thereafter.

g. Pararenal Abdominal Aortic Aneurysm
Pararenal AAA includes suprarenal and juxtarenal AAA. 
Aneurysms that involve the superior mesenteric artery are 
suprarenal AAA, and those that involve celiac artery are 
distinguished as TAAA (Crawford type IV). It is not an 
indication for usual EVAR from the anatomical viewpoint. 
If EVAR is performed, branched EVAR using branched 
or fenestrated SG (Figure 57) or snorkel/chimney EVAR 
(Figure 58) is selected. Branched EVAR can be performed 
only at limited facilities, and, according to a report that 
compared branched EVAR and open surgery, the periop-
erative mortality was comparable by both procedures at 
4.1%.860 Snorkel/chimney EVAR is the procedure of parallel 
positioning stents or SGs inserted in the main body and an 
abdominal branch. While it can be accomplished using 
conventional devices, gutter leak may occur. According to 
the PERICLES registry, the perioperative mortality was 
3.7%.861 Neither procedure is covered by health insurance 
in Japan.

h. Iliac Artery Aneurysm
Many iliac artery aneurysms complicate AAA, and solitary 
iliac artery aneurysms are rare. Although there are no 

established findings concerning treatment indications, the 
ESVS guidelines recommend an aneurysm diameter of 
≥35 mm as an indication.321,807,913,914 Recently, favorable 
results of EVAR for iliac artery aneurysms have been 
reported.915,916 EVAR involves embolization of the internal 
iliac artery, but only the limb is embolized if an appropriate 
landing zone can be secured, and embolization of the main 
body is added if not.917 Embolization of the internal iliac 
artery causes buttock claudication in 28% of the patients, 
but it is alleviated in most patients during follow-up.918 The 
incidence of buttock claudication is higher after bilateral 
(38.3%) than unilateral (26.7%) embolization. Impotence 
was observed in 10% after unilateral embolization and 16% 
after bilateral embolization with no significant difference, 
and the incidence of ischemic colitis was also low.460,918 In 
addition, as the internal iliac artery serves as a collateral 
for spinal cord blood flow, attention to the occurrence of 
paraplegia by subsequent aortic surgery is necessary in 
patients after embolization of the bilateral internal iliac 
arteries.919 The SVS guidelines recommend preservation of 
at least one internal iliac artery by either EVAR or open 
surgery.12,461 Recently, a device that permits preservation 
of the internal iliac artery (iliac branch device, IBE) has 
been developed (Figure 59), and decreases in buttock 
claudication have been reported.920,921 IBE also began to be 
covered by health insurance in 2016 in Japan.

 ▋2.3  Ruptured Abdominal Aortic Aneurysm 
(Table 28)

The rupture of AAA remains a lethal condition high 
mortality rate; however, its lifesaving rate has gradually 
improved due to the advancement of the medical care 
system and the progress of perioperative management 
specific to AAA rupture in recent years.931 In addition it 
has been accumulated that the results of SG deployment 
(EVAR) for AAA ruptured AAA are comparable to or 
better than those of open surgery in recent years, and 
guidelines around the world, including ours, have signifi-
cantly changed.321,922

  ▋ 2.3.1 Epidemiology
In Japan, approximately 1,600 cases of AAA rupture 

Before treatment After treatment

Figure 59.  Internal iliac artery preserving device for abdominal 
aortic aneurysm. Reconstruction of the right internal iliac 
artery using a company-made internal iliac branch device.

Table 28. COR and LOE for Treatment of Abdominal Aortic 
Aneurysm Rupture

COR LOE

 It is recommended to perform EVAR as the 
first treatment choice if the anatomical 
requirements are met321,922–925

I B

 It is recommended to measure intravesical 
pressure after invasive treatment and to 
perform decompression surgery promptly if 
abdominal compartment syndrome has 
occurred321,922,926–928

I B

 It is recommended to assess and manage 
cardiovascular risk after invasive 
treatment321,856,929

I B

 Aortic occlusion balloon should be considered 
promptly without delay if the circulatory 
dynamics of the patient is unstable during 
invasive treatment321,930

IIa B

COR, class of recommendation; LOE, level of evidence; EVAR, 
endovascular aortic repair.
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reaching invasive treatment were registered annually 
between the inception of the NCD registration in 2011 and 
2014, which accounted for approximately 10% of all AAA 
surgeries.515,932–934 On the other hand, the incidence of AAA 
rupture in Sweden (including autopsy and non-invasive 
treatment cases) was estimated to be 10.6 per 100,000 
person-years in 2000–2004, and men aged 65–94 years 
were reported to account for at least 70% of the cases.935

  ▋ 2.3.2 Diagnosis
Three classic signs of AAA rupture are sudden abdominal/
back pain, decreased blood pressure, and abdominal 
pulsatile mass. However, all three signs are found only in 
approximately 50% of all cases,321 and AAA rupture is 
suspected even if the patient does not exhibit all three signs. 
Rapid CT examination is recommended in patients with 
suspected AAA rupture if their circulatory dynamics is 
stable.321,922 However, if the patient has unstable hemody-
namics and must be transported directly to a surgery room, 
diagnostic imaging, such as echography, is performed in 
the surgery room to consider the possibility of EVAR.321

  ▋ 2.3.3 Medical Care System
To increase the lifesaving rate, a facility capable of endo-
vascular treatment with a well-established protocol for 
rupture and well-equipped devices should be selected, and 
it is important to establish cooperation among hospitals 
and a patient management protocol for transportation.922 
Hypotension management with restricted transfusion 
(with a target systolic blood pressure of 70–90 mmHg) is 
recommended for conscious patients.321,922

  ▋ 2.3.4 Anesthesia
When performing EVAR for AAA rupture, the indication 
of local anesthesia should be considered, as EVAR is 
advantageous that it can be performed with local anes-
thesia.321 In open surgery, since sudden hypotension often 
occurs during the introduction of general anesthesia, 
anesthesia should be introduced after surgeons have been 
scrubbed up and completed sterilization/covering with 
cloth/draping.321

  ▋ 2.3.5 Aortic Occlusion
If the circulatory dynamics of the patient is unstable, the 
use of an aortic occlusion balloon is recommended not 
only in EVAR but also in open surgery.321,930,936

  ▋ 2.3.6 Selection of Treatment Methods
Although either EVAR or open surgery can be selected, 
EVAR has been recommended as the first treatment choice 
if the patient is anatomically suitable for EVAR for the 
following three reasons.321,922 Three RCTs, the 
IMPROVE,923,924,937 AJAX,938 and ECAR939 trials, showed 
that the results of the EVAR group for AAA rupture were 
comparable to or better than those of the open surgery 
group.925 In addition, the IMPROVE trial showed operative 
mortality rates of 35.4% in the EVAR group and 37.4% in 
the open surgery group, indicating no significant difference 
between the two; however, the EVAR group had a signifi-
cantly shorter length of hospital stay and a higher home 
discharge rate.937 Furthermore, while there was no difference 
in the survival rate after 1 year, the QOL was significantly 
higher in the EVAR group.923 Moreover, the survival rate 
after 3 years was higher in the EVAR group than in the 
open surgery group, and EVAR was superior in terms of 

cost.924 A large-scale Medicare study showed that the 
perioperative mortality rates after propensity score matching 
were 33.8% for EVAR and 47.7% for open surgery 
(P<0.001), showing the superiority of EVAR in early sur-
vival.940 In a meta-analysis, the mortality rates for AAA 
rupture in patients with unstable circulatory dynamics were 
37% for EVAR and 62% for open surgery (P=0.009).941 If 
the acute-stage and long-term results of EVAR are compa-
rable to or better than those of open surgery, EVAR is 
prioritized as it is less invasive, and the guidelines in 
Europe and the United States also recommend EVAR as 
the first treatment choice.321,922 As in Europe and the 
United States, the selection of EVAR for AAA rupture has 
been increasing year by year in Japan. As of 2014, EVAR 
was selected for 31% of ruptured AAA cases, and the data 
collected by the Japanese Society for Vascular Surgery 
showed that EVAR had contributed to the lifesaving of 
ruptured AAA patients in clinical practice, leading to the 
accumulation of its evidence.515,932–934

  ▋ 2.3.7 Postoperative Management
Important characteristic complications of AAA rupture 
in both EVAR and open surgery include abdominal 
compartment syndrome, ischemic colitis, and multiple 
organ failure.321,922 In addition, cardiac complications and 
respiratory failure are directly linked to life prognosis, and 
their postoperative management is also important.

a. Abdominal Compartment Syndrome
Abdominal compartment syndrome (ACS) occurs in 
7–20% of cases after surgery of AAA rupture.926,927,942 
Increased intraperitoneal pressure leads to multiple organ 
failure, further leading to increased airway pressure and 
decreased cardiac output. The 30-day mortality rate in the 
onset cases with ACS was reported to be approximately 
twice as high as that in the non-onset cases. Intravesical 
pressure is measured for the diagnosis of ACS. Early surgical 
decompression is recommended for patients with intra-
vesical pressure of 30 mmHg or higher and for patients who 
had organ failure and intravesical pressure of 20 mmHg or 
higher.321,922,928,942

b. Ischemic Colitis
Ischemic colitis occurs in 1/5–1/3 of ruptured AAA cases. 
Its mortality rate, once it develops, is high (45–67%), and 
ischemic colitis is the leading cause of death in ruptured 
AAA cases. The incidences of ischemic colitis were reported 
to be 23% after EVAR and 42% after open surgery, and 
early endoscopic examination is necessary in patients 
suspected of ischemic colitis.922

c. Cardiac Complications and Respiratory Failure
Heart diseases, such as CAD (acute coronary syndrome, 
arrhythmia, heart failure), and COPD complicate AAA at 
a high rate, and they develop due to rapid fluctuations in 
circulatory dynamics and blood coagulability, hypoxia, 
and increased intraperitoneal pressure, in addition to 
preoperative background. Because they require urgent 
surgery, preoperative information is scarce, while postop-
erative management focusing on coronary blood flow, 
cardiac function, and respiratory function is required. 
Electrocardiogram recording immediately before and after 
surgery and evaluation and management of postoperative 
cardiovascular risks are important.321
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d. Multiple Organ Failure
Multiple organ failure is caused by unstable circulatory 
dynamics and ischemia-reperfusion injury. The mortality 
rate of ruptured AAA cases that have resulted in multiple 
organ failure is considerably high at 50–70%.922

e. Spinal Cord Ischemia and Lower Limb Ischemia
Although rare, spinal cord ischemia is known to occur in 
ruptured AAA patients. Its occurrence is thought to be 
associated with prolonged hypotension, in addition to 
high aortic cross-clamping and long-term blockage of 
internal iliac artery blood flow.943 Moreover, complication/
exacerbation of lower limb ischemia due to prolonged 
blockage of blood flow, in addition to atherosclerosis or 
embolism, is not rare. As this may lead to amputation of the 
lower limbs or death, it is recommended to examine the 
blood flow in the lower limbs immediately after the surgery.321

f. Incidence of Complications
Table 29 shows the incidences of various postoperative 
complications of AAA rupture according to the Vascular 
Quality Initiative (VQI) database in the United States.944 
For these complications, treatment at experienced facilities 
is desirable from the viewpoint of postoperative manage-
ment specific to AAA rupture, such as abdominal 
compartment syndrome, intestinal ischemia, and manage-
ment/early countermeasures for multiple organ failure.922

  ▋ 2.3.8  Short-Term and Long-Term Postoperative Survival 
Rate

Table 30 shows the mortality rates after treatment for 
AAA rupture according to several registry databases. With 
regard to the long-term survival, patients with ruptured 
AAA who survived 90 days after treatment showed no 
significant difference in the 5-year survival rate compared 
to patients with non-ruptured AAA who had undergone 
elective surgery, and the main cause of death was reported 
to be cardiovascular events.856 Management of long-term 
postoperative cardiovascular risks is important.321,929

  ▋ 2.3.9 Rupture of Special Abdominal Aortic Aneurysm
AAA rupturing into the inferior vena cava or iliac vein 
causes aortocaval fistula, and it is reported to occur in 
0.22–6% of AAA patients.945 Its three signs are abdominal 
pain, abdominal pulsatile mass, and abdominal vascular 
bruits; however, it may be detected due to high output 
heart failure or pulmonary embolism. Its definitive diagnosis 

can be obtained by double scanning method or CT exami-
nation. EVAR and open surgery can be selected for its 
treatment, but EVAR has a lower risk since open surgery 
has a risk of massive hemorrhage and pulmonary arterial 
embolism.946 Endovascular treatment for the caval side or 
fistula has been reported in cases in which the arteriovenous 
fistula could not be closed by EVAR alone.947,948

 ▋2.4 Aortoenteric Fistula (Table 31)
Aortoenteric fistula is a rare disease, and its diagnosis is 
difficult without established treatment methods, often leading 
to fatal outcomes.912,949 It is classified into primary and 
secondary aortoenteric fistula according to the cause, and 
most of them cause a duodenal fistula. The operative 
mortality rate of all aortoenteric fistulas is 21–40%.950 
Three classic signs of aortoenteric fistula are gastrointestinal 
tract hemorrhage, abdominal pain, and abdominal pulsatile 
mass. Gastrointestinal tract hemorrhage, abdominal pain, 
and abdominal pulsatile mass are found at the rate of 
64–94%, 32–48%, and 17–25%, respectively, and all three 
are found only in 11% of all cases.951 In addition, patients 
with an aortoenteric fistula present with back pain, fever, 
and sepsis. Hb is 8 g/dL or lower in two-thirds of cases, and 
white blood cell count exceeds 10,000/µL in one-fourth of 
the cases.952 Primary and secondary aortoenteric fistulas 
exhibit precursor hemorrhage called “herald bleed,” in 
which the fistula is temporarily blocked due to angiospasm 
and thrombus formation, resulting in hemostasis. Several 
cases require urgent hospitalization at the stage of precursor 
hemorrhage; however, repeated episodes are also frequently 

Table 29. Incidence of Complications After Invasive 
Treatment for Abdominal Aortic Aneurysm 
Rupture

EVAR Open  
surgery P value

Cardiac complications  29%  38% 0.001

Pulmonary complications  28%  46% <0.0001

Renal failure  24%  38% <0.0001

Intestinal ischemia 3.9%  10% <0.0001

Lower limb ischemia 2.7% 8.1% <0.0001

EVAR, endovascular aortic repair. (Source: Prepared based on 
Ali MM, et al. 2015.944)

Table 30. Mortality Rate After Treatment for Abdominal Aortic Aneurysm Rupture

Vascunet VQI NCD

Country 9 European countries USA Japan

Survey period 2005–2009 2003–2013 2011–2014

Number of cases 7,040 1,165 6,379

Observation index Operative mortality rate In-hospital mortality rate Operative mortality rate 
(in-hospital mortality rate)

Total 31.6% 30.0% 17.6% (20.7%)

EVAR 19.7% 25.0% 15.1% (17.9%)

Open surgery 32.6% 33.1% 17.6% (21.0%)

EVAR, endovascular aortic repair; NCD, national clinical database; VQI, vascular quality initiative. (Source: Prepared 
based on Mani K, et al. 2011,931 Ali MM, et al. 2015,944 the Japanese Society for Vascular Surgery515,932–934)
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exhibited. If untreated despite the initial symptoms, 50% 
and 29% have a relatively long course of over 24 h and 1 
week, respectively, leading to massive hemorrhage.953

  ▋ 2.4.1  Difference Between Primary and Secondary 
Aortoenteric Fistulas

Primary aortoenteric fistula is caused by an aortic aneu-
rysm, infectious disease, malignant tumor, and trauma,954,955 
and its incidence is 0.04–0.07%.956 Primary aortoenteric 
fistula complicates 0.69–2.36% of AAA patients, and more 
than 80% develop a duodenal fistula, resulting in the 
formation of aortic duodenal fistula.957

Secondary aortoenteric fistula causes intestinal tract 
fistula after open surgery (prosthetic graft replacement) or 
EVAR. The site that causes the fistula differs depending on 
the reconstruction site of the graft. However, as with the 
primary aortoenteric fistula, it is commonly found on the 
distal side of the duodenum (62%) or proximal side of the 
jejunum.912 The incidence of secondary aortoenteric fistula 
is 0.36–1.6%,958,959 which is higher than that of primary 
aortoenteric fistula. The average period from aortic 
reconstruction to the appearance of symptoms is 4 years 
(1.5–8.7 years).912 Secondary aortoenteric fistulas are 
further divided into those that develop at the anastomotic 
site of the graft and those that develop at the body of the 
graft. Those that develop at the anastomotic site of the 
graft may show massive hemorrhage, whereas those that 
develop at the body of the graft often show signs of infection 
in the early stages. Procedural factors, such as infection, 
pulsatile pressure, and intestinal injury, are thought to be 
its pathogenic mechanism. The factors associated with 
both patients and surgery are involved in the cause of the 
disease, which include frequent vascular open surgery, 
wound complications, graft infection, urgent surgery, and 
problems in surgical techniques. In addition, reports of 
aortoenteric fistula occurring after EVAR have been 
increasing in recent years.960 Its pathogenic mechanisms 
are thought to be aneurysm enlargement with persistent 
endoleak, effect of frequent coiling during endoleak treat-
ment, endotension, and infection during SG deployment.961

  ▋ 2.4.2 Diagnosis
The diagnostic method for aortoenteric fistula differs 
depending on the circulatory dynamics of the patient. If 
the patient has massive gastrointestinal tract hemorrhage 
or has a history of AAA or its treatment (open surgery and 
EVAR), it is important to always have aortoenteric fistula 

in mind. If the patient has a massive hemorrhage, a diag-
nosis may be made by trial laparotomy. If the patient has 
stable circulatory dynamics, a diagnosis is made by contrast-
enhanced CT examination, gastroesophageal endoscopy, 
or angiography. CT examination is minimally invasive and 
useful for its initial diagnosis.

a. Contrast-Enhanced CT Examination
Contrast-enhanced CT images may show the disappearance 
of adipose tissue around the aorta, fluid accumulation 
around the graft, thickening of soft tissues, ectopic gas 
patterns, twitching of adjacent thickened bowel loop 
around the aortic graft, and leakage of contrast medium 
from the aorta into the entangled intestinal tract.

b. Gastroesophageal Endoscopy
Endoscopic examination is essential for the treatment of 
acute gastrointestinal tract hemorrhage, and it allows for 
the ruling out of other hemorrhagic sources even if an 
aortoenteric fistula cannot be identified. With aortoenteric 
fistula in mind, skilled endoscopists can detect ulcers and 
erosions with a prosthetic graft, attached blood clot, or 
extrinsic pulsatile mass through careful observation. 
However, the main purpose of the endoscopic examination 
is also to rule out other pathological conditions as a cause 
of gastrointestinal tract hemorrhage. An endoscopic 
examination should be performed only in patients with 
stable hemodynamics, and it may be performed in the 
surgery room to respond to massive hemorrhage.

c. Angiography
Identification of an aortoenteric fistula in patients with 
stable circulatory dynamics is usually difficult, as the fistula 
is sealed with a thrombus during angiography.

d. Other Examination Methods
MRI examination, echographic examination, and gastro-
intestinal tract contrast examination do not lead to accurate 
diagnosis of aortoenteric fistula and have a long procedure 
time, although they can assist in its diagnosis. Identification 
of an aortoenteric fistula with MRI or FDG-PET exami-
nation is difficult, although they are useful in diagnosing 
graft infection, and they are not suitable for patients with 
unstable circulatory dynamics from the viewpoint of 
examination time.

  ▋ 2.4.3 Treatment
Open surgery is the only lifesaving means for patients with 
an aortoenteric fistula, as its conservative treatment is 
always fatal. The important determinants for its effective 
surgery are involvement of active hemorrhage, identification 
of whether it is primary or secondary aortoenteric fistula, 
the presence or absence of sepsis, and anastomosis site of 
aortic reconstruction. Patients with unstable circulatory 
dynamics exhibiting active hemorrhage and sepsis patients 
are indicated for urgent surgery. Evaluation of aortoenteric 
fistula and planning of surgical procedure are discussed 
for patients with stable circulatory dynamics exhibiting 
precursor hemorrhage. Preoperative insertion of a urinary 
tract stent can reduce the risk of urinary tract injury, even 
in patients with severe retroperitoneal inflammation. It is 
strictly monitored and managed, and surgery is performed 
promptly without delay. Re-hemorrhage occurs in 30% 
and 50% of patients within 6 and 24 h, respectively.961

Table 31. COR and LOE for the Treatment of Aortoenteric 
Fistula

COR LOE

 It is recommended to search aortoenteric 
fistula if the patient has a history of aortic 
aneurysm or aortic reconstruction and 
massive gastrointestinal tract hemorrhage

I C

 It is recommended to perform invasive 
treatment because the conservative treatment 
of aortoenteric fistula is fatal

I C

 For patients with massive or persistent 
hemorrhage, EVAR should be considered as 
a bridge to hemostasis

IIa C

COR, class of recommendation; EVAR, endovascular aortic 
repair; LOE, level of evidence.
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a. Graft Removal
If the aortic aneurysm is occluded or the graft has occluded 
it, or if the sufficiently developed collateral flow is seen in 
preoperative CT examination and angiography, the graft 
may be removed without its reconstruction.

b. Anatomical Prosthetic Graft Replacement
If the contamination is mild, anatomical revascularization 
is often performed by local cleaning, cryopreserved blood 
vessels, and rifampicin-immersed prosthetic graft, although 
it depends on whether the infection has spread to the aortic 
side.962 A retrospective cohort study showed no difference 
in the operative mortality rate between anatomical and 
extra-anatomical revascularizations.963 Efforts to separate 
the gastrointestinal tract and graft with the retroperitoneum 
and omentum, as well as long-term administration of 
antimicrobial drugs, are considered.

c. Anatomical Revascularization Using Autologous Vein
The femoral popliteal vein is used for aortoiliac artery 
reconstruction with an autologous vein.964 Attention must 
be paid to leg compartment syndrome due to venous 
perfusion failure of the limb on the collection side.

d. Extra-Anatomical Prosthetic Graft Bypass
Extra-anatomical prosthetic graft bypass may be selected 
if an infection is obvious or if blood circulation in the 
lower limb and blood flow in the pelvis are expected to 
require long-term interruption.965,966 When it is performed 
in one stage, axillary-bi-femoral artery bypass precedes, 
and abdominal aortic treatment and reconstruction of the 
gastrointestinal tract are performed. With the aorta to be 
dead-end, it is covered with the omentum.

Extra-anatomical bypass infection, which occurs in 
15–25%, can be minimized with the administration of 
appropriate antimicrobial drugs.967 It is completed in one 
week if the culture is negative, and the administration of 
antimicrobial drugs for 4–6 weeks is recommended if the 
culture is positive.953

e. Endovascular Treatment
Recurrence, new infection, and hemorrhage are observed 
after EVAR, and 29% of the patients die from sepsis. Thus, 
EVAR should be limited to patients with a poor prognosis 
or used as a bridge treatment to control infection and 
stabilize the condition of the patient.968

 ▋2.5 Inflammatory Aortic Aneurysm (Table 32)
  ▋ 2.5.1 Concept, Pathology, and Pathogenesis

Inflammatory AAA was reported in 1935 as one of the 
causative diseases of uremia, and its disease concept was 
first introduced by Walker et al. in 1972.977 This arterial 
aneurysm is characterized by an abdominal aortic aneurysm 
and marked thickening of its wall, extensive fibrosis around 
the aortic aneurysm and retroperitoneum, and adhesion 
with surrounding abdominal organs, such as the duodenum 
and urinary tract. It often occurs under the renal artery; 
however, it has also been reported to occur in the thoracic 
aorta, internal iliac artery, and femoral artery.978,979

Macroscopically, inflammatory AAA appears as a 
white, glossy, hard, elevated lesion when observed from the 
ventral side. Histopathologically, fibrosis accompanied by 
hyalinization is widely observed in the adventitia and its 
outer peripheral tissue, and nonspecific chronic inflamma-

tory cells, mainly lymphocytes and macrophages, infiltrate 
in layers with the formation of lymphoid follicles.977 As a 
result, it exhibits a structure in which fibrosis and inflam-
matory cells are alternately present, and it is a characteristic 
histological image of this disease. On the other hand, the 
tissue on the luminal side of the media shows the same 
changes as normal AAA. Therefore, the media is markedly 
thinned, and atherosclerosis occurs to cover it. The media 
may disappear almost completely. The relationship between 
inflammatory AAA and AAA remains largely unclear, and 
they cannot be clearly distinguished due to the presence of 
inflammatory cell infiltration in the adventitia in some 
AAA cases,980 the lack of significant difference in the 
subpopulation of lymphocytes,981 and similar risk factors 
between the two. Some suggest that inflammation is more 
strongly expressed in inflammatory AAA by factors, such 
as smoking983 and herpes/cytomegalovirus infection, in 
addition to the genetic factors.982,984,985 It was also reported 
that inflammatory AAA complicates large vessel vasculitis, 
such as giant cell arteritis and Takayasu arteritis.986 
Furthermore, its complications with IgG4-related diseases 
have attracted attention in the recent years; however, it 
was reported that approximately half of inflammatory 
aortic aneurysms are histopathologically IgG4-positive.969

  ▋ 2.5.2 Prevalence Rate
There have been several reports on inflammatory AAA in 
Europe and the United States, and its prevalence rate is 
4–15%.987–989 According to reports in Japan,990,991 its preva-
lence rates are 4.9% in echographic findings and 3% in 
examination in surgical cases, which are slightly lower than 
that in Europe and the United States. Its male/female 
ratio varies in the range of 30 : 1–6 : 1, but it occurs more 
frequently in males. Moreover, its age group is approxi-
mately 5–10 years younger than that of atherosclerotic 
AAA.985

  ▋ 2.5.3 Clinical Symptoms
Typical three clinical symptoms of inflammatory AAA are 
abdominal pain/lumbar pain/abdominal discomfort, weight 
loss, and increased erythrocyte sedimentation rate/high 
CRP level, which are thought to be derived from inflam-
mation. With regard to its complications, thickening of the 
aneurysmal wall may involve the urinary tract992 and cause 
hydronephrosis, leading to renal failure, oliguria, and edema. 
Although rare, it may involve the gastrointestinal tract and 
cause obstruction or rupture of the gastrointestinal tract.

Table 32. COR and LOE for Diagnosis and Treatment of 
Inflammatory Abdominal Aortic Aneurysm

COR LOE

 It is recommended to measure the serum 
IgG4 level when inflammatory abdominal 
aortic aneurysm is suspected969,970

I C

 Anti-inflammatory therapy with steroids 
should be considered for symptomatic 
patients971–975

IIa C

 EVAR should be considered as the first 
treatment choice for aneurysms with a 
diameter exceeding 55 mm in men and 50 mm 
in women, if the anatomical requirements are 
met975,976

IIa C

COR, class of recommendation; EVAR, endovascular aortic 
repair; LOE, level of evidence.
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  ▋ 2.5.4 Diagnosis
Inflammatory AAA is suspected in AAA patients with the 
clinical symptoms mentioned above. Blood tests often 
show a high erythrocyte sedimentation rate and high CRP 
level; however, leukocytosis or culture positivity suggestive 
of bacterial infection is absent. In addition, measurement of 
serum IgG4 level is useful for investigating the involvement 
of IgG4 -related diseases.969 Imaging findings are important 
for its diagnosis, for which echographic and CT examina-
tions are useful.

In echographic examination, inflammatory AAA is 
characterized by thickening around an abdominal aneurysm 
(mantle sign: low-echo area anterior or anterolateral to the 
aneurysm). Contrast-enhanced CT examination reveals the 
area around the aneurysm, which shows low CT values on 
unenhanced CT, and it can be clearly distinguished from the 
surrounding area (Figure 24). Cases with severe thickening 
may exhibit involvement of surrounding organs, such as 
the urinary tract, gastrointestinal tract, inferior vena 
cava, and renal vein, and the diagnosis of inflammatory 
AAA is important for the prevention of complications, 
such as damage to the intestinal tract and urinary tract, 
during surgery. FDG-PET examination is useful for 
detecting active inflammation in the aortic wall or its 
surrounding.993–995 The site of inflammation is detected as 
increased accumulation of FDG, and the detection sensi-
tivity and specificity of inflammatory aortic diseases were 
reported to be 83–100% and 77–100%, respectively.993

Inflammatory AAA can be differentiated from infected 
aortic aneurysm by typical CT findings, negative blood 
culture, negative tuberculin reaction, and negative syphilis.

  ▋ 2.5.5 Treatment
In addition to the treatment of the aortic aneurysm itself, 
it is necessary to treat and prevent the obstruction of various 
organs due to the fibrous thickening around the aneurysm. 
If the patient who has a small aortic aneurysm that is not 
indicated for surgery presents with pain, weight loss, or 
hydronephrosis, administration of steroids is considered to 
improve inflammation. Their recommended dose and 
duration have not been determined. Moreover, immuno-
suppressants and anti-estrogen drugs were reported to be 
useful in patients who were refractory to steroids.971–973

Based on the indications for normal AAA, inflammatory 
AAA that is 55 mm or larger in males and 50 mm or larger 
in females is indicated for surgery, but the indication is 
determined in association with systemic complications, 
such as cerebrovascular disease, CAD, respiratory disorder, 
and kidney injury. Inflammation often causes a high 
degree of adhesion between the aorta and duodenum, and 
retroperitoneal approach is recommended to avoid duodenal 
damage when performing open surgery.996 It has been 
reported in recent years that treatment with EVAR 
reduced the aneurysm and improved mantle sign on CT, 
suggesting its usefulness.976 However, caution is needed as 
kinks of the SG legs and stenosis were reported to occur in 
patients with strong inflammation or adhesion. Moreover, 
it was reported that exacerbation of fibrosis around the 
aorta and the enlargement of aneurysm diameter after 
EVAR tend to occur in IgG4-positive inflammatory 
AAA.970 Although obstructions, such as hydronephrosis, 
often improve after surgery, inflammation remains in 
many cases, especially after EVAR, and urinary tract 
catheter deployment and steroid/immunosuppressant 
administration should also be considered.

  ▋ 2.5.6 Outcome and Prognosis
The natural prognosis of inflammatory aortic aneurysms is 
unknown. In open surgery, the perioperative complications 
and mortality rate in patients with an inflammatory aortic 
aneurysm were reported to be three times higher than 
those in patients with normal AAA, which was due to 
extensive adhesions.974 A review comparing open surgery 
and EVAR showed that the total mortality rates after 1 
year were 14% for open surgery and 2% for EVAR.975 The 
thickened adventitia around the aneurysm often alleviates/
disappears after open surgery, suggesting that open surgery 
is more likely to improve hydronephrosis caused by ureteral 
obstruction than EVAR.

 ▋2.6 Infected Aortic Aneurysm
  ▋ 2.6.1 Definition and Epidemiology

All aortic aneurysms caused by infection and preexisting 
aortic aneurysms with infection are collectively referred to 
as “infected aortic aneurysm.” Infected aortic aneurysm is 
a relatively rare disease, and it was reported to account for 
0.5–1.3% of all aortic aneurysms.997–999 Although the 
infection sources may not always be known, they include 
bacterial translocation from caries or the intestinal tract, 
spread from urinary tract infection, and exacerbation of 
atherosclerosis from periodontal disease, and rare iatrogenic 
cases secondary to catheter operation and surgery also 
occur. It has also been pointed out that an aging-related 
increase in risk factors for susceptibility to infection lies in 
its background. A chronic decline in immune function due 
to diabetes mellitus, malignant tumor treatment, or collagen 
disease treatment is also an important risk factor.

With regard to infection sites, infected aortic aneurysms 
occur in the thoracic aorta in 32%, the abdominal aorta 
adjacent to the abdominal branch in 26%, and the infrarenal 
abdominal aorta in 42%, indicating that it frequently 
occurs in the infrarenal aorta.1000

The primary causative organisms were reported to be 
gram-positive coccus, mainly Staphylococcus, and gram-
negative bacillus, mainly Salmonella, in several cases. 
According to a report from Mayo Clinic,1000 gram-positive 
coccus accounted for 50% of the cases (Staphylococcus in 
30% and Streptococcus in 20%), and gram-negative bacillus 
accounted for 35% of the cases (Salmonella in 20% and in 
15%). However, a report from National Taiwan University 
showed that Salmonella accounted for 76% while gram-
positive coccus accounted for approximately 10%,1001 
suggesting that there is regionality regarding the primary 
causative organisms. In addition, some infected aortic 
aneurysms are caused by acid-fast bacteria and fungus, 
although it does not occur frequently.

Its mortality rate was reported to be 23.5–37%, which is 
considerably higher than that of non-infected aortic 
aneurysm.1002 Its major causes of death are rupture of an 
aortic aneurysm, failure of the anastomotic site after 
surgery, and multiple organ failure due to sepsis.

  ▋ 2.6.2 Diagnosis
Subjective symptoms, such as fever and back pain, develop 
in several cases of infected aortic aneurysms. Moreover, 
they exhibit increased inflammatory findings on blood 
tests; however, they remain to be nonspecific findings. In 
AAA patients, a pulsatile mass may be palpable. With 
regard to its diagnostic imaging, the diagnostic accuracy of 
contrast-enhanced CT examination is particularly high, 
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but echographic examination is also useful in the abdominal 
region. Infected aortic aneurysm must always be considered 
if an aortic aneurysm is found in a patient presenting with 
signs of infection.

On diagnostic imaging, a localized saccular-type 
aneurysm occur in several patients with infected arterial 
aneurysm. However, existing fusiform-type aneurysm may 
be complicated by infection, and it is difficult to determine 
the complication of infection from the morphology alone. 
However, fluid accumulation around the aortic aneurysm 
indicates edema or abscess formation due to inflammation, 
and this finding strongly suggests infection. Moreover, 
aneurysms that enlarge rapidly when observed over time 
are likely to be infected aortic aneurysms. Preoperative 
blood culture is an essential examination for the selection 
of appropriate antimicrobial drugs, and blood should be 
drawn multiple times based on the diagnosis of infectious 
endocarditis.

  ▋ 2.6.3 Treatment
a. Antimicrobial Therapy
Intensive antimicrobial therapy is started based on the 
results of culture test as soon as an infected aortic aneurysm 
is diagnosed. If the response to antimicrobial therapy is 
favorable and the signs of infection resolve quickly, anti-
microbial drugs are administered for a sufficient period of 
time, and ideally, surgery is performed after the inflamma-
tory response is shown to be negative, if possible. On the 
other hand, even if the inflammatory response appears to 
have subsided, it should be kept in mind that there is 
always a risk of aortic aneurysm rupture, and it is important 
to make efforts not to miss the timing of surgery by paying 
attention to the morphology of the aortic aneurysm and its 
tendency to enlarge over time. Immediate surgery is 
considered not only for ruptured cases, but also for cases 
exhibiting rapid aneurysm enlargement, even if infection 
control is sufficient. Moreover, early surgery is required in 
cases showing poor infection control despite the adminis-
tration of appropriate antimicrobial drugs.

There is no consensus on the need of surgery for cases in 
which the aortic aneurysm itself is small and not indicated 
for surgery and the infection has disappeared with antimi-
crobial therapy.

b. Surgery
i. Procedure
Unlike the surgery of normal aortic aneurysm, infected 
tissues, including aortic aneurysm, must be removed as 
much as possible in the surgery of infected aortic aneurysm, 
aiming to achieve the prevention of rupture and removal 
of the infection focus simultaneously by resecting the 
aortic aneurysm. Patients with an esophageal fistula in the 
thoracic aorta or duodenal fistula in the abdomen often 
require repair or resection of the gastrointestinal tract. 
Furthermore, it is important to prevent the spread of 
infection to the prosthetic graft, its anastomosis site, and 
aortic stump.

With regard to its reconstruction method, extra-anatomical 
bypass, which closes the aorta before and after the aortic 
aneurysm and reconstructs blood circulation in the lower 
body by axillary artery-femoral artery bypass, was previ-
ously the standard procedure for infected infrarenal aortic 
aneurysms to avoid transplanting prosthetic grafts in the 
infection focus. However, many have selected in situ 
prosthetic graft replacement as the first treatment choice 

in the recent years.1001–1003 The surgical results of infected 
infrarenal aortic aneurysms have recently improved, and 
its early mortality rate was reported to be approximately 
10–15%.1002,1004 Due to its anatomical factors, the surgery 
and reconstruction of infected suprarenal aortic aneurysm 
are more complicated than those of infected infrarenal 
aortic aneurysm, and its prognosis is poor, likely due to a 
large number of anastomotic sites. While its mortality rate 
was shown to reach 80%,1005 some have reported favorable 
results, with an early mortality rate of approximately 
10–16%.998,1006

ii. Selection of Graft
Various studies have been conducted on the grafts used in 
the surgery of infected aortic aneurysms, aiming to prevent 
the recurrence of infection in transplanted grafts. Among 
those, cryopreserved allogeneic aortic grafts (homografts) 
have shown favorable early and long-term results.1007–1009 
Vogt et al. compared the cases of in situ transplantation of 
cryopreserved allogeneic aortic grafts and the cases using 
prosthetic grafts as in situ or extra-anatomical bypass for 
infected aortic aneurysm and prosthetic graft infection, 
and they reported that homografts were highly effective, 
especially for infection control.1007 Lesche et al. reported 
that occlusion and aneurysm formation were found in 17% 
of the cases during an average of 3 years of follow-up after 
homograft transplantation. They also indicated that those 
cases were not related to infection and that their reoperation 
was easily performed.1008 The durable life of a transplanted 
homograft over 10 years are unknown; however, early 
infection control is necessary for saving the lives of patients 
with an infected aortic aneurysm, for which a homograft is 
considered an excellent material.1009

It was previously difficult to obtain homografts in 
Japan. However, because of the dissemination of tissue 
donations with the enforcement of the Organ Transplant 
Law and the activities of tissue banks, homografts are now 
covered by insurance under certain conditions, and they 
are expected to be used more widely in the future.

In addition, the use of prosthetic graft immersed in 
antimicrobial drugs1010 and autologous femoral vein1011 has 
been reported sporadically; however, their superiority over 
normal prosthetic graft is unknown.
iii. Omentum Wrapping
The omentum, a tissue rich in blood flow and lymph, is 
considered effective for infection control, and it is often 
used for the treatment of mediastinitis after open heart 
surgery.1012 In the surgery of infected aortic aneurysms, the 
surrounding of in situ transplanted prosthetic graft is 
covered with omentum to prevent the spread of infection. 
Pedunculated omentum that has either the right or left 
gastroepiploic artery as the vascular pedicle can be used 
for a wide range of aorta from the thoracic to infrarenal 
region.1013

iv. Postoperative Antimicrobial Therapy
Intensive postoperative antimicrobial therapy is essential. 
Antimicrobial drugs tailored to the primary causative 
organisms are administered intravenously, and it is continued 
for 6 to 8 weeks with the goal of having a negative 
inflammatory response. While a report stated that the 
administration of antimicrobial drugs could be subsequently 
discontinued,1001 some reported that oral antimicrobial 
drugs should be administered over a lifetime.998,1013

c. Endovascular Treatment
Endovascular treatment using SG for descending TAA 
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and infrarenal AAA has rapidly become widely used in 
recent years. Some have reported that infected aortic 
aneurysms were cured by endovascular treatment in 
combination with intensive antimicrobial therapy;1014–1016 
however, it often does not lead to lifesaving. Moreover, with 
this treatment method, focus on infection and prosthetic 
graft are located adjacent to each other, and the infection 
focus remains as a closed cavity. Thus, some suggest that 
this method has a risk of exacerbation of infection and is 
contraindicated.1017 However, its significance as a bridge 
treatment for the prevention of rupture and the subsequent 
prosthetic graft replacement has been accepted.

 ▋2.7 Traumatic Aortic Aneurysm
This section describes rare trauma of the abdominal aorta, 
and the relatively common trauma of the thoracic aorta is 
described in a separate section (Chapter VI, “1.4 Traumatic 
Aortic Injury”).

The trauma of the abdominal aorta is rare, and most of 
its published studies are case reports and their reviews.1018–1021 
It is roughly divided into penetrating trauma and blunt 
trauma, and most of the causes of penetrating trauma in 
Europe and the United States are gunshot wounds.1019 In 
stab wounds, there is little damage to the aorta in the deep 
position, and other organ injuries are common. Most of 
the causes of blunt trauma are traffic accidents, including 
injuries caused by seat belts.1020–1022

The usefulness of CT examination for its diagnosis, as 
well as for diagnosis of other traumas, has been established. 
However, if the hemodynamics of the patient is unstable, 
a diagnosis must proceed while preparing for open surgery.1023

In its treatment, rapid open surgery is prioritized if the 
hemodynamics of the patient is unstable. The usefulness 
of endovascular treatment, mainly embolization, has 
been reported in patients with relatively stable hemody-
namics.1018,1024

VI. Treatment for Aortic Dissection

1. Overview

 ▋1.1 Definition and Classification
For the definition and classification of aortic dissection, see 
Chapter I, “2.1 Definition” and “2.3 Classification.”

Aortic dissection with thrombosed false lumen is 
considered to have a more favorable prognosis than aortic 
dissection with patent false lumen. The prognosis of the 
ulcer-like projection (ULP)-type aortic dissection lies 
between those of the two, which includes patients with an 
unstable pathological condition. Therefore, the 2011 edition 
of the present guideline recommended responses for ULP-
type aortic dissection based on those for aortic dissection 
with patent false lumen.1 However, the relationship of the 
location and size of the ULP with the prognosis remains 
largely unclear, and there is no basis for recommending 
responses for all cases of ULP-type aortic dissection based 
on those for aortic dissection with patent false lumen. In 
addition, the 2011 edition stated that cases showing the 
false lumen with blood flow despite the thrombosis of most 
of the false lumen (thrombosed false lumen communicating 
with true lumen) are classified as aortic dissection with 
patent false lumen. However, the distinction between this 
pathological condition (thrombosed false lumen commu-
nicating with true lumen) and ULP-type aortic dissection 
was unclear. Furthermore, in Europe and the United 
States, the presence of a partially formed thrombus (partial 
thrombosis) has been reported as a factor for false lumen 
enlargement in Type B dissection in the recent years;1025,1026 
however, it was pointed out that several cases with partial 
thrombosis may be ULP-type aortic dissection described 
in the 2011 edition of the present guideline in Japan.1027

Based on the previous guidelines, the present edition of 
our guideline tentatively defined ULP as those showing an 
aortic longitudinal extension of less than 15 mm in the 
contrast-image area of the false lumen. Additionally, it was 
clearly distinguished from those with patent false lumen 

extending 15 mm or more (4 or more slices on 5-mm slice 
thickness CT transected images) in the craniocaudal 
direction despite the thrombosis of most of the false lumen 
(classified as aortic dissection with patent false lumen) or 
partial thrombosis. It would be advantageous to accumulate 
findings regarding the differences in prognoses between 
this pathological condition (thrombosis of most of the false 
lumen with patent false lumen extending 15 mm or more) 
and ULP-type aortic dissection in the future.

PQ 9.
Management of ULP-Type Aortic Dissection

Recommendation
ULP-type aortic dissection is treated as a type of aortic 
dissection with patent false lumen, requiring strict follow-up, 
which includes diagnostic imaging.

Ulcer-like projection (ULP) is an expression of imaging 
findings, used mainly in the diagnostic imaging of aortic 
dissection, and it is defined as the “contrast-image area of 
the thrombosed false lumen with craniocaudal extension 
of less than 15 mm” in contrast-enhanced CT examination 
or angiography. ULP-type dissection is distinguished from 
aortic dissection with thrombosed false lumen by the 
“presence of ULP,” and it is distinguished from aortic 
dissection with patent false lumen by defining “the major 
axis of ULP of less than approximately 15 mm.”

The difference between the term “intramural hematoma 
(IMH)” used in Europe and the United States and the term 
“aortic dissection with thrombosed false lumen” used in 
Japan has often been controversial. In recent years, the 
term “IMH” has expanded from its original meaning, now 
including the presence of concomitant ULP. Like “IMH 
with ulcer” and “IMH with ULP,” used in Europe and the 
United States and “aortic dissection with thrombosed false 
lumen and ULP-type aortic dissection” used in Japan has 
become the concept corresponding to “IMH” (See Table 4).
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ULP has been suggested to be the primary entry in ULP-
type dissection.1028,1029 Also, its enlargement (transitioning 
to aortic dissection with patent false lumen or becoming an 
aneurysm)1030,1031 and disappearance (reducing in size and 
transitioning to aortic dissection with thrombosed false 
lumen)1032 during the clinical course are important observa-
tion points for ULP-type dissection as they are indices of 
prognosis. The distinction between ULP and penetrating 
atherosclerotic ulcer (PAU)33 often poses a problem; 
however, they have different meanings. It is important to 
understand that PAU is an “expression of a pathological 
condition,” including the process up to its occurrence, 
whereas ULP is simply an “expression of morphology on 
images.”

 ▋1.2 Intramural Hematoma (IMH)
  ▋ 1.2.1 Concept and Background

Intramural hematoma (IMH) is a pathological condition 
in which hemorrhage in the aortic media has resulted in the 
formation of a hematoma. Originally, it was diagnosed 
pathologically as “a condition without a tear in the 
dissected intima”,1033,1034 and it was classically considered 
as a condition caused by the rupture of the vasa vasorum. 
However, conditions with “no visualized tear, crescent-
shaped morphology of the false lumen, and no effect of 
contrast imaging” on imaging1035 have been clinically 
diagnosed as IMH, mainly in Europe and the United 
States. Therefore, even patients with a tear are diagnosed 
with IMH if their tear is not visualized by diagnostic imaging 
and there is no inflow of contrast medium into the false 
lumen. The rate of progression to classic aortic dissection 
is high in Europe and the United States, and the results of 
its medical treatment have been poor, likely because IMH 
is often diagnosed with a single CT examination without 
delayed-phase contrast imaging.60 On the other hand, its 
medical treatment in Japan and South Korea has shown 
favorable results due to the high detection rate in mild 
cases, rigidity of initial diagnosis, and follow-up with CT 
examination through the course. Due to this ambiguity, the 
2011 edition of the guideline recommended the use of the 
term “aortic dissection with thrombosed false lumen,” since 
“the diagnostic term IMH, which may lead to misunder-
standing of its pathological condition, is not used clinically 
in Japan.” Also, the term “ULP-type dissection” for patients 
with traces of a small tear was used.1 However, because 
IMH is widely used in Europe and the United States as a 
term that includes aortic dissection with thrombosed false 
lumen and ULP-type dissection used in Japan, the present 
edition organized the Japanese and English notations 
(Table 4).

  ▋ 1.2.2 Epidemiology
Aortic dissection with thrombosed false lumen accounts 
for 10–25% of acute aortic syndrome in Europe and the 
United States and approximately 20–50% of that in Asia. 
Compared to aortic dissection with patent false lumen, 
aortic dissection with thrombosed false lumen tends to 
occur more frequently in elderly men. In Europe and the 
United States, thrombosed Type A and B dissections occur 
at the ratios of 30–40% and 60–70%, respectively.95,96 In 
Japan, approximately 30–40% of Type A dissection and 
40–70% of Type B dissection are aortic dissection with 

thrombosed false lumen or ULP-type dissection. The 
dissections rarely extend to the abdominal aorta, and 
patients presenting with malperfusion are scarce.1036

  ▋ 1.2.3 Diagnosis
The process leading to diagnostic imaging in patients with 
ULP-type aortic dissection is similar to that in patients 
with normal aortic dissection.

  ▋ 1.2.4 Treatment and Prognosis
In Europe and the United States, Type A aortic dissection 
with thrombosed false lumen (+ULP-type dissection) is 
indicated for surgery due to its considerably high re-
canalization rate and poor prognosis. However, in Japan 
and South Korea, conservative treatment under strict 
management has recently become possible for patients 
with an ascending aortic diameter of <50 mm and a false 
lumen thickness of <11 mm based on the accumulated 
evidence.1,96 In principle, conservative treatment is selected 
for Type B aortic dissection with thrombosed false lumen. 
In addition, endovascular treatment has been actively 
performed for complicated dissection (malperfusion or 
rupture) and ULP-type dissection in the recent years.1036

 ▋1.3 Penetrating Atherosclerotic Ulcer (PAU)
  ▋ 1.3.1 Concept

Penetrating atherosclerotic ulcer (PAU), also referred as 
penetrating aortic ulcer, is a pathological condition of an 
atherosclerotic lesion with ulcer formation, in which the 
ulcer crosses the internal elastic membrane and reaches the 
media. It may form a hematoma in the media, resulting in 
the same pathological condition as that of aortic dissection, 
or it may cross the external elastic membrane, resulting in 
adventitia failure (=rupture) (Figure 60).33 PAU with 
dissection extending to a certain length is differentiated 
from ULP-type dissection by the degree of atherosclerosis; 
however, their differentiation is often difficult due to 
overlapping pathological conditions.1037

  ▋ 1.3.2 Epidemiology
Classic dissection (double-barrel dissection), IMH, and 
PAU are collectively referred to as acute aortic syndrome; 
however, PAU accounts for 5% of cases of acute aortic 
syndrome in Europe and the United States. Compared to 
classic dissection, PAU tends to occur more commonly in 
men with atherosclerotic risk factors; however, it can also 
occur in young individuals. Also, it is often found to occur 
in the descending aorta, and occurs at multiple sites in 
some cases.96

  ▋ 1.3.3 Diagnosis
Asymptomatic PAU is detected incidentally by diagnostic 
imaging. In PAU with acute aortic syndrome, the process 
leading to diagnostic imaging is similar to that of normal 
aortic dissection. PAU of the descending aorta can also be 
diagnosed by transesophageal echography. As mentioned 
above, localized medial hematoma and ulcerated lumen 
with blood flow are typically found in a highly atheroscle-
rotic aorta. PAU requires careful judgment as it has carried 
a high risk of rupture.

  ▋ 1.3.4 Treatment and Prognosis
Patients with persistent symptoms in the acute phase are 
well indicated for endovascular treatment; however, they 
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often exhibit access problems due to severe atherosclerosis. 
For other patients, a follow-up is performed under strict 
management of underlying diseases, and endovascular 
treatment is considered upon enlargement of diameter or 
onset of symptoms. Diagnostic imaging every six months 
is recommended for the first three years. Prosthetic graft 
replacement is performed if endovascular treatment is 
anatomically difficult. In any case, the risk of intraoperative 
embolism is high, and the operative mortality rates of acute 
PAU were reported to be 7% for endovascular treatment 
and 16% for prosthetic graft replacement. In addition, the 
life prognosis for this disease is poor due to systemic 
atherosclerotic diseases, and its 5-year survival rate in 
non-surgical cases was reported to be 65%.1037

 ▋1.4 Traumatic Aortic Injury
  ▋ 1.4.1 Definition and Epidemiology

Blunt traumatic thoracic aortic injury is often caused by a 
sudden anterior or lateral impact associated with a traffic 
accident or fall, as well as rapid deceleration of trunk 
movement. Regional concentration of torsion phenomenon 
and shear stress in the aorta are likely to occur in the vicinity 
of ligamentum arteriosum, aortic root, and the vicinity of 
the diaphragm. Approximately 90% of these traumatic 
aortic injuries occur in the vicinity of so-called aortic 
isthmus.1038 The pathological morphology is divided into 
intimal cleavage, intramural hematoma, pseudoaneurysm, 
and rupture, depending on the degree of the injury.

  ▋ 1.4.2 Symptoms and Diagnostic Methods
The mode of onset of traumatic aortic injury is back pain, 
especially the pain between the scapulae. However, since it 
is often accompanied by polytrauma, its thoracic symptoms 
are nonspecific due to the pain caused by other organ 
injuries in several cases. Its rupture may lead to hypotension 
or shock. It is diagnosed with high accuracy by contrast-

enhanced CT examination. Therefore, contrast-enhanced 
CT examination may be performed if an enlarged medias-
tinal shadow or finding of left hemothorax is seen in chest 
radiography or if physical findings of polytrauma, such as 
multiple fractures, are observed, in consideration of the 
complication of traumatic thoracic aortic injury.

  ▋ 1.4.3 Treatment Indications
The timing of treatment intervention for traumatic aortic 
injury remains controversial. Based on the observation 
that the aorta often ruptures within 24 h of trauma, urgent 
surgery was previously considered necessary for all cases 
of traumatic aortic injury. However, there has been an 
accumulation of experiences in cases with a certain obser-
vation period, such as patients with persistent hemorrhage 
due to pelvic fracture and patients with prolonged 
consciousness disturbance due to head trauma. This has led 
to the recognition of the usefulness of semi-urgent surgery, 
avoiding urgent surgery, and treatment intervention in the 
subacute phase, and delayed repair can now be performed 
relatively safely in certain cases. Large-scale prospective 
studies and guidelines in the field of trauma surgery have 
also suggested the usefulness of delayed repair from the 
viewpoint of reducing the mortality rate and SCI.1039,1040 
However, delayed repair should not be considered for 
patients who are suspected of having a high risk of aortic 
rupture based on imaging findings.

  ▋ 1.4.4 Treatment Methods (Table 33)
The treatment of patients with polytrauma requires a 
medical care team consisting of medical specialists in 
multiple fields; additionally, consensus formation within 
the medical care team is useful for determining the treatment 
priorities for each injury and timing of treatment inter-
vention for aortic injury. Blood pressure management during 
the course of the treatment is crucial, and it is important 
that the mean diastolic blood pressure does not exceed 

Atherosclerosis

Intima
Media

Adventitia
Aortic atherosclerosis

Intimal ulcer

Ulceration of plaque

Intimal plaque ulcer Hematoma of
the media

Pseudo arterial aneurysm
of the adventitia

Transmural rupture

Figure 60.  Extension pattern of PAU (penetrating atherosclerotic ulcer). (Adapted from Stanson AW, et al. 1986.33) Copyright 
(1986) Annals of Vascular Surgery, Inc., with permission from Elsevier. https://www.sciencedirect.com/journal/annals-of-vascular-
surgery.
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80 mmHg.1041,1042 The commonly used and the established 
invasive treatment is prosthetic graft replacement of the 
thoracic descending aorta under the right lateral decubitus 
position, left posterior lateral thoracotomy, and partial 
extracorporeal circulation. In the recent years, an increasing 
number of reports have shown less invasiveness and supe-
rior treatment results of TEVAR compared to those of 
open surgery, and TEVAR is recommended as the first 
treatment choice, if the anatomical requirements of the 
aorta are met.1040,1043

 ▋1.5 Iatrogenic Aortic Dissection
Iatrogenic aortic dissection is a pathological condition of 
the aorta that can develop with treatments, such as coronary 
artery catheterization, open heart surgery, TEVAR, 
endovascular treatment for peripheral vascular lesions, 
and intra-aortic balloon pumping. Although rare, it can 
also occur during cardiac catheter examination.1044,1045 In 
its relatively typical pathological condition, an intimal tear 
develops in the ascending aorta, especially in the vicinity of 
the right coronary artery, and the dissection extends to the 
periphery. Occasionally, it extends proximally, leading to 
aortic valve regurgitation and cardiac tamponade. Although 
its diagnosis can be made using the contrast medium 
retained in the aortic wall, it can be reliably diagnosed by 
transesophageal echography or CT examination.

The treatment management guidelines for catheter-
related aortic dissection have not always been standardized. 
Generally, conservative treatment is often provided for a 
dissection localized to the abdominal aorta, peripheral 
blood vessels, or aortic valve leaflet. However, stent 
deployment in the coronary artery is required for patients 
who are observed to develop stenosis at the entry of the 
coronary artery. If the aortic dissection extends into the 
ascending aorta for more than a few centimeters, aortic 
prosthetic graft replacement by urgent surgery may be 
required; however, it rarely results in rupture.

The most common sites of aortic dissection that develop 
during open heart surgery are the insertion site of a blood 
supply tube, injection site of a cardioplegic solution, and 
aortic cross-clamping site.1046 It may be diagnosed by the 
direct visual observation of the change in color of the 
ascending aorta to dark purple, identification of flaps by 
intraoperative transesophageal echography, or decreased 
arterial pressure in peripheral blood vessels. If aortic 
dissection develops with the blood supply operation, the 
blood supply route needs to be changed as early as possible. 
Prosthetic graft replacement of the ascending aorta, as well 

as the aortic arch, is considered for its treatment.

2. Stanford Type A Aortic Dissection

 ▋2.1 Treatment Indications (Table 34)
Type A dissection involving the ascending aorta has a 
considerably poor prognosis, and its mortality rate was 
reported to increase by 1–2% per hour after onset.68 Also, 
without invasive treatment (open surgery or TEVAR), its 
mortality rate within 48 h of onset is estimated to be 
approximately 50%. Its main causes of death include 
rupture, cardiac tamponade, myocardial ischemia, cerebral 
ischemia, and intestinal ischemia.1047,1048 Except for some 
dissections described in the subsequent sections, the 
prognosis of medical treatment for Type A dissection is 
considerably poor, and it is indicated for urgent invasive 
treatment, especially urgent open surgery. Treatment with 
stent graft alone (TEVAR or EVAR) has been performed 
at a small number of hospitals; however, it cannot be 
considered as a general treatment at present due to its 
unclear effectiveness.

Consciousness disturbance (coma), shock due to cardiac 
tamponade, myocardial ischemia, malperfusion, and cere-
bral ischemia are the important predictors of postoperative 
mortality when performing urgent surgery. It has been 
controversial whether surgery improves the prognosis or 
whether the surgery should be performed, especially for 
Type A dissection with neurological symptoms or 
consciousness disturbance.1057,1058 Patients with the compli-
cation of cerebral ischemia generally have a poor prognosis, 
and surgery is often avoided. However, a favorable neuro-
logical prognosis was reported in patients receiving early 
reperfusion of the brain.1058 In particular, the effectiveness 
of active surgery was reported in cases that had taken less 
than 5 h from the appearance of neurological symptoms to 
arrival at the surgery room.1058

Open surgery for Type A dissection involves ascending 
aortic replacement with a tear, as well as repair of the 
annulus, if necessary. Complete occlusion of the distal false 
lumen occurs in less than 10% of the cases,1059 and the 
residual false lumen may develop into an aneurysm in the 
future. It has been recently reported that the insertion of 
an open stent graft/FET from the distal arch to the 
descending aorta can prevent malperfusion and future 
aneurysm formation.1060–1062 However, its indications 
should be carefully considered as it may prolong the surgical 
time and increase the complications. The details are 
described in the subsequent sections.

Table 33. COR and LOE for Treatment Selection for 
Traumatic Aortic Injury

COR LOE

 It is recommended to perform TEVAR over 
open surgery in patients requiring invasive 
treatment if anatomical requirements are met 
(See Table 9 and Table 56)

I C

 If the general condition is relatively stable, 
elective surgery may be considered over 
urgent surgery regardless of the presence of 
polytrauma

IIb C

COR, class of recommendation; LOE, level of evidence; TEVAR, 
thoracic endovascular aortic repair.

Table 34. COR and LOE for the Treatment of Stanford Type 
A Aortic Dissection

COR LOE

 It is recommended to perform urgent open 
surgery for patients with aortic dissection with 
patent false lumen68,1047,1048

I B

 Urgent open surgery should be considered for 
patients with aortic dissection with 
thrombosed false lumen1049–1053

IIa C

 Medical treatment should be considered for 
patients with aortic dissection with 
thrombosed false lumen1031,1054–1056

IIa C

COR, class of recommendation; LOE, level of evidence.
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 ▋2.2 Acute Stanford Type A Aortic Dissection
  ▋ 2.2.1  Aortic Root/Ascending Aorta/Partial Aortic Arch 

Replacement
a. General Principle of Urgent Surgery
“Tear-oriented surgery”, consisting of resection of the 
dissected aortic wall involving a tear (entry) and prosthetic 
graft replacement at the same site, is a fundamental proce-
dure. Briefly, if a tear is present in the ascending aorta, 
ascending aortic replacement should be performed. If a 
tear in the aortic arch is present, proximal arch replacement 
or total arch replacement should be performed. If a tear in 
the proximal descending aorta is present, total arch 
replacement + ET insertion into the true lumen1063,1064 or 
descending aortic replacement should be performed. 
Recently, open stent-graft (FET) insertion has been applied 
for many cases expecting that distal aortic remodeling 
(false-lumen regression) could be achieved.1065 There are 
few patients in whom acute dissection can be treated by 
direct closure of a tear.

Recently, with the improvement of surgical results, total 
arch replacement and ET/FET insertion has been performed 
in patients with a tear in the arch, arch branch, or descending 
aorta or those with Marfan syndrome. The recent results 
are favorable.1066 Each technique is described below.

b. Ascending Aortic Replacement
Median sternotomy is a standard surgical approach. 
Cardiopulmonary bypass is established by superior/inferior 
vena cava or right atrial drainage and the femoral artery,1067 
true lumen of the ascending aorta,1068 axillary artery,1069 or 
cardiac apex1070 are selected as the site of arterial/aortic 
return. If patients have cerebral or abdominal organ 
malperfusion, multiple cannulation sites such as the 
combination of ascending aorta and axillary artery, or 
ascending aorta and femoral artery are favorable in some 
cases. If a tear is present in the ascending aorta, ascending 
aortic replacement can also be performed under aortic 
cross-clamping. However, the aortic cross-clamping on the 
fragile dissected aortic wall may lead to aortic injury; strict 
caution is needed. The current standard organ protection 
method is deep hypothermic circulatory arrest.1071 At this 
time, retrograde cerebral perfusion through the superior vena 
cava is combined for the brain protection in some cases.

With regard to surgical details the ascending aorta is 
opened under deep hypothermic circulatory arrest to 
confirm the site of a tear, which is resected with the 
surrounding aortic wall. After determining the extent of 
replacement, prosthetic graft replacement is performed. 
Aortic cross-clamping is not applied for distal anastomosis, 
and open distal anastomosis is usually performed under 
deep hypothermic circulatory arrest. Furthermore, when a 
tear is present in the distal side of the ascending aorta or 
proximal side of the aortic arch, hemiarch replacement 
could be performed: the tear is resected, and an oblique 
incision is extended on the aortic arch lesser curvature side 
and the hemiarch replacement completed with an obliquely 
cut prosthetic graft. Simultaneously, it is important to 
perform prosthetic graft anastomosis after false-lumen 
closure with inner and outer reinforced felt strips so that 
blood may flow in the true lumen alone.

The principle of surgical treatment is to resect the site of 
a tear and save the patient’s life. However, extensive graft 
replacement is recently selected more to obtain the 
descending aortic remodeling. Total arch replacement with 

reconstruction of arch vessels has been selected more rather 
than ascending aortic/hemiarch replacement in relatively 
young, low-risk patients1072 or those with enlargement of 
the aortic arch or dissection of arch vessels associated with 
cerebral malperfusion.1073 Many studies reported that this 
procedure could be performed without increasing the 
surgery-related mortality rate or incidence of postoperative 
complications, but few studies have demonstrated its 
superiority in the long-term survival rate.

On the other hand, on the proximal side, to minimize 
residual dissection, the aortic wall is resected just above the 
sino-tubular junction (junction between the sinus of 
Valsalva and ascending aorta). When a false lumen remains, 
it could be closed by infusing a biological glue or surgical 
adhesive into the false lumen, and reinforced with felt strips 
for stump-trimming. Subsequently, a prosthetic graft should 
be sutured. There are three methods: stump-trimming 
with inner and outer felt strips alone, Teflon felt insertion 
into a false lumen,1074 and reinforcement by adventitia 
inversion technique.1075

c. Treatment for Aortic Valve Insufficiency
i. Aortic Valve Resuspension
When aortic dissection at the site of the aortic valve 
commissure (especially the commissure between the right 
and noncoronary cusps) causes the prolapse of the aortic 
valve towards the left ventricle, resulted in valve regurgi-
tation. A technique to resuspend the aortic commissure, 
close the proximal false lumen with a biological adhesive 
material, and anastomose the stump with a prosthetic graft 
on the distal side of the coronary artery (supra-coronary) 
is available, excluding patients with annuloaortic ectasia, 
which accompanies with Marfan syndrome, or organic 
aortic valve lesions.1076 Several studies indicated that the 
long-term results of aortic valve resuspension were similar 
to those of root replacement (Bentall procedure) using a 
prosthetic graft with a prosthetic valve described below. 
Considering the postoperative quality of life (QOL), this 
technique should be initially performed.1077,1078 For this 
technique, closure with a biological glue or surgical adhesive 
is highly useful, but some studies reported intimal necrosis 
or pseudoaneurysm formation caused by the tissue toxicity 
of a surgical adhesive.1079,1080 Much attention must be paid 
so that the use of its volume may be minimized.
ii. Aortic Root Replacement
Bentall procedure1081 is indicated for patients with a tear/
entry in the sinus of Valsalva or those with annuloaortic 
ectasia. Currently, button Bentall procedure is used as a 
standard technique.549 In addition, recently, VSRR such as 
Yacoub’s remodeling method562 and David’s reimplantation 
method,1082 has been attempted. These techniques are 
indicated for patients without abnormalities of the aortic 
valve leaflet. They are advantageous in that postoperative 
anticoagulant therapy is not required, but operations are 
more demanding than Bentall procedure, requiring skills. 
However, recently, favorable results have been reported 
even when patient selection was not conducted569 in addition 
to cases in which malperfusion-free patients with stable 
hemodynamics were selected.570,571 Favorable long-term 
results over 20 years were reported from the University of 
Hanover.568

  ▋ 2.2.2 Aortic Arch Replacement
a. Procedure
If an entry is present in the arch, ascending/total arch 
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replacement is most desirable from the viewpoint of aortic 
dissection treatment, which is principally the resection of 
an entry.1083 Also, total arch replacement is indicated for 
patients who require repair of the arch due to its compli-
cated dissection, patients with malperfusion of the arch 
branch, patients with an entry in the arch branch, and 
patients with an aneurysm in the arch or enlarged arch. 
Type A dissection in patients with hereditary connective 
tissue disorders, such as Marfan syndrome and Loeys-Dietz 
syndrome, is indicated for total arch replacement because 
enlargement below the aortic arch is often observed in the 
chronic stage after ascending/hemiarch replacement, even 
if the entry is present in the ascending aorta.1084,1085

For total arch replacement, use of the ET method is 
recommended, in which prosthetic graft with a diameter of 
18–22 mm and a length of approximately 5–10 cm is 
inserted into the true lumen of the descending aorta like a 
windsock, aiming to reinforce from the intima side, to 
prevent leakage of anastomotic site, to close the peripheral 
false lumen, and to facilitate additional treatment for the 
enlargement below the descending aorta.750,1063,1086 In 
addition, some Type A dissection patients have an entry in 
the descending aorta,1087,1088 for which total arch replace-
ment + ET method by a median sternotomy is expected to 
lead to the closure of the thrombus in the peripheral false 
lumen, rather than resection of the entry with a left thora-
cotomy and distal arch/descending aortic replacement.1089

With regard to the surgical techniques for total arch 
replacement, a stump is first formed to close the residual 
false lumen on the peripheral side (combined use of the ET 
method), and a 4-branched prosthetic graft for arch 
reconstruction is sutured. Subsequently, a central aortic 
anastomosis is performed to sequentially reconstruct the 
3-arch branches, or it is preceded by the reconstruction of 
the 3-arch branches. On the other hand, the surgery of 
inserting FET into the descending aorta to perform total 
arch replacement has been observed to increase in the 
recent years.1090–1092 The FET method is known to have a 
slightly higher rate of false lumen occlusion than the 
conventional ET method; however, it results in SCI and a 
new entry (stent graft-induced entry flow) in the late stage. 
The details of FET are described in the next section (“2.2.3 
Frozen Elephant Trunk”).

b. Results
Advances in diagnostic imaging have enabled the early 
diagnosis of aortic dissection immediately after its onset. 
Also, its treatment results have been improving due to 
advances in cerebral protection and improved heart-lung 
machine, as well as the introduction of various hemostatic 
materials. In particular, its results in Japan have been 
favorable, even compared to other countries in the 
world.1072,1093,1094 Whether this difference in the results is 
due to racial differences, surgical techniques, or systems, 
such as patient transport and speed up to the acceptance 
of urgent surgery, should be investigated in the future.

According to the academic survey conducted by the 
Japanese Association for Thoracic Surgery, of the 5,461 
cases of acute aortic dissection registered in Japan in 2016, 
1,426 cases of total arch replacement without root 
replacement showed a 30-day mortality rate of 9.0% and 
an in-hospital mortality rate of 11.3%.43 According to the 
report by IRAD, total arch replacement was performed in 
334 of the 1,241 enrolled cases, and their in-hospital 
mortality rate was 17.1%.1095 Of the 2,137 cases enrolled in 

the German Registry for Acute Aortic Dissection Type A 
(GERAADA), total arch replacement was performed in 
346 cases, and their 30-day mortality rate was 22.3%.1096

Since total arch replacement, which is an extended 
surgery compared to ascending/hemiarch replacement, is 
considered more invasive, ascending/hemiarch replacement 
is considered to be sufficient as a life-saving surgery for 
acute aortic dissection. However, it is difficult to determine 
the superiority or inferiority of the two surgical procedures 
based on the comparison of these results due to the different 
preconditions of the cases in surgery that principally 
involve the resection of an entry. In a meta-analysis 
comparing total arch replacement and hemiarch replace-
ment for acute aortic dissection, Poon et al. showed that 
there was no significant difference in the results between 
the two surgical procedures.1097 However, the data used in 
the analysis may have been obtained only from facilities 
with many cases and experienced surgeons. It was also 
reported that hemiarch replacement accounted for 85% 
of surgeries for acute aortic dissection performed in a 
facility.1098 Therefore, it should also be noted that the 
replacement range does not need to be unnecessarily 
expanded as life-saving surgery in acute aortic dissection.

PQ 10.
What Are the Surgical Procedures That Should Be Carried 
Out for Acute Stanford Type A dissection, Ascending 
Replacement (Including Hemiarch), or Total Arch 
Replacement?

Recommendation
Patients with an entry in the arch-proximal descending 
aorta or supra-aortic vessel, enlarged aortic arch, Marfan 
syndrome, or young age are considered to be indicated for 
total arch replacement. However, the indications are judged 
comprehensively in consideration of the preoperative 
condition of the patient and the experience of the facility/
surgical team.

The primary purpose of surgery for acute Type A dissection 
is to save the lives of the patients. Therefore, procedure 
selection requires appropriate judgment in consideration 
of the anatomical requirements, such as the entry site and 
the extension range of dissection, as well as the balance 
with the preoperative condition of the patient, such as the 
level of consciousness, presence of malperfusion, and age, 
and surgical invasiveness.

According to the annual report of the Japanese 
Association for Thoracic Surgery,43 the numbers of patients 
undergoing ascending replacement (including hemiarch 
replacement), root replacement, arch replacement, and 
root-arch replacement for acute Type A dissection were 
2,738, 190, 1,426, and 180, respectively, indicating that the 
number of patients undergoing ascending replacement was 
approximately twice that of patients undergoing arch 
replacement. The in-hospital mortality rates of these 
procedures were 10.4%, 22.1%, 11.3%, and 17.8%, respec-
tively, showing that the mortality rates greatly differed 
depending on the use of root replacement. On the other 
hand, there was no large difference in the mortality rate 
between patients with and without arch replacement, and 
the selection criteria for arch replacement in Japan are 
currently considered valid, at least based on the early results.

The results of the report from JCVSD in 2015 and 2016711 
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also showed no difference between ascending replacement 
and arch replacement for acute aortic dissection (including 
Type A and Type B) in mortality rate (without arch 
replacement: 11.4%, with arch replacement: 11.4%), as well 
as the complication rates of cerebral infarction (10.8% vs. 
11.9%) and paraplegia (3.0% vs. 3.4%), and a significant 
difference was observed only in renal failure (10.3% vs. 
12.0%, P<0.05).

Previously, it was presumed that the procedure should 
be limited to ascending replacement (including hemiarch 
replacement) even if an entry is present in the arch, in 
consideration of the invasiveness of treatment. However, 
it has been shown that arch replacement has a higher rate 
of distal false lumen thrombosis in the chronic stage than 
ascending replacement and that it has low risks of false 
lumen enlargement and reoperation.1097,1099,1100 Given its 
favorable early results, arch replacement based on the 
principle of entry resection is recommended, at least for 
patients with an entry in the aortic arch or supra-aortic 
vessel.

Regarding surgery for false lumen enlargement in the 
chronic stage, descending replacement by an approach 
different from the initial surgery (left thoracotomy) or 
TEVAR can be performed without difficulty after arch 
replacement. However, patients who have not undergone 
arch replacement require highly invasive surgery, such as 
two-stage surgery with prior arch replacement by the same 
approach as the previous surgery (median incision) and 
surgery requiring left thoracotomy/circulatory arrest. 
Thus, performing arch replacement in the initial surgery is 
also advantageous in this aspect.

In ascending/hemiarch replacement, patients with 
Marfan syndrome often exhibit enlargement of the aortic 
arch1101 and events of the distal aorta1102 in the chronic 
stage, even if an entry is present in the ascending aorta and 
is surely resected. Thus, total arch replacement should be 
actively considered if dissection is present in the aortic 
arch.1063,1064,1066

Also, if an entry is present in the descending aorta, total 
arch replacement using the ET method750 facilitates the 
formation of peripheral false lumen thrombosis, which is 
also advantageous for additional treatment.1088,1094,1103 
Although the effectiveness of TEVAR for Type B aortic 
dissection has been shown in the recent years, evidence of 
the treatment effect of TEVAR for Type A dissection with 
an entry in the descending aorta has been scarce, and it is 
not commonly performed, at least currently. The open 
stent graft method749/FET method592 enable more reliable 
entry closure of the proximal descending aorta,1065 and 
they were reported to facilitate the formation of false 
lumen thrombosis and to suppress aneurysm enlargement 
in the chronic stage, in addition to improving blood flow 
in true lumen and organ malperfusion in the acute 
phase.1060–1062,1104,1105 The ability to perform peripheral 
anastomosis in a shallower surgical field in comparison to 
conventional arch replacement has also been a driving 
force for the dissemination of total arch replacement. If its 
problems, such as an increase in SCI and stent graft-induced 
new entry flow can be resolved, the indications of total 
arch replacement using the FET method may be further 
expanded in the future.

On the other hand, there is no need to perform arch 
replacement for all cases of acute Type A dissection, 
Long-term results of ascending replacement (such as death 
and reoperation) were reported to be comparable to those 

of arch replacement if arch replacement is selected based 
on the indications of the presence of an entry in the arch, 
an arch aortic diameter of 40 mm or larger, and the presence 
of malperfusion in the arch branch.1073 Moreover, it has 
been pointed out that the proficiency level of the facilities/
surgeons and the preoperative condition of the patients 
should also be taken into consideration for procedure 
selection since the early results of arch replacement are not 
comparable to the results of ascending replacement at all 
facilities.1097,1099

Regarding surgery for acute aortic dissection, we should 
select a procedure that aims to first achieve favorable early 
results and then improve the long-term results.

  ▋ 2.2.3 Frozen Elephant Trunk (FET)
a. History
In total arch replacement for acute aortic dissection, Kato 
et al. developed the procedure of inserting a stent-prosthetic 
graft into the descending aorta on the distal side, aiming 
for the true lumen enlargement/false lumen closure in the 
distal aorta.749 While this was initially called “open stent” 
or “surgical stent,” it is now often called “frozen elephant 
trunk (FET)”592 as it uses an elephant trunk (ET)750 
equipped with a stent. The use of FET began with self-build 
devices in a limited number of facilities,749,1091,1106–1108 and it 
rapidly became widely used after the approval of domestic 
commercial devices in 2014.1109 While branched FET 
devices are used overseas, the devices approved in Japan 
lack arch branches, thus requiring the addition of a 
branched arch graft for arch replacement.

b. Indications
FET is indicated for both distal arch true aneurysm and 
aortic dissection (acute and chronic). FET is performed for 
acute aortic dissection to further promote thrombus closure 
of the distal false lumen and enlargement of the true lumen, 
which has been demonstrated by normal ET.1094,1103 In 
particular, patients with malperfusion, an entry (tear) in 
the distal arch or proximal descending aorta, and relatively 
young age are well indicated for FET.1110

c. Sizing and Insertion Location
The sizing of FET is controversial, as it differs between a 
true aneurysm and aortic dissection. For acute dissection, 
the aortic diameter of the landing site at the distal end of 
the FET1111 or its 90%1109 has been recommended. However, 
the use of FET for acute dissection mainly aims to stabilize 
(fix) the dissected intima, and a smaller FET with a diameter 
equal to that of the true lumen (resulting in 90% of the 
aortic diameter or smaller) has often been selected in the 
recent years due to a concern about a new entry on the 
distal side caused by FET (stent graft-induced entry, 
SINE). At the beginning of its dissemination, a short stent 
(6 cm) was inserted at a shallow (T5-T7) and close position 
because of a concern about the occurrence of SCI;1109 
however, an increasing number of facilities have been 
carrying out the insertion of a longer stent into the straight 
descending aorta to prevent bending of the graft portion 
(described below) and the occurrence of SINE.

d. Results
The in-hospital mortality rate after total arch replacement 
with FET for acute aortic dissection was reported to be 
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5–18.2%.1106,1109,1111–1114 The remodeling rate of the descending 
aorta is higher than that of normal ET.1104 Additionally, 
compared to ascending replacement, total arch replacement 
for acute dissection improves the long-term prognosis 
due to this remodeling effect when FET is deployed in 
combination.1061,1105,1115,1116 In addition, FET in the acute 
phase has a higher remodeling rate of the thoracic descending 
aorta than FET in the chronic stage (33% vs. 17.5%),1117 
and it has a lower retreatment rate.1109,1111,1114 Perioperative 
paraplegia (including transient paraplegia) occurs in 
0–22%.1108,1109,1111–1114,1118–1121 Additionally, its incidence is 
increased by intraoperative hypotension and the narrowing 
of the true lumen (cutoff) due to graft bending or residual 
peripheral dissection.1107,1122 The incidence of peripheral 
SINE due to FET is 5% or lower, and half of its cases do 
not require additional treatment or can be treated with 
TEVAR.1123 For the prevention of SINE, it is recommended 
to deploy the distal end of FET in the straight portion of 
the descending aorta. It has been reported that the non-stent 
area results in stenosis with graft bending when a steep 
arch is present (Figure 61), and a device should be inserted 
such that the stent part is placed at the curved area of the 
arch.1124 The early/intermediate results of FET were 
reported to be relatively favorable even in acute dissection 
patients with Marfan syndrome.1125,1126 However, if an 
entry is located adjacent to the distal end of FET, and for 
patients with a small true lumen and strong tortuosity as 
they exhibit a high incidence of complications, the method 
is not recommended.1125

  ▋ 2.2.4 Malperfusion
a. Coronary Artery (Table 35)
Coronary artery malperfusion occurs when aortic dissection 
reaching the aortic root leads to the occlusion of the 
coronary ostium with a flap or when dissection spreading 
to the coronary artery leads to the occlusion of the true 
lumen by the compression of the false lumen. Coronary 
artery malperfusion often occurs concurrently with the 
onset of aortic dissection; however, it occurs with a delay 
in some cases. Also, it was reported to occur due to 
increased false lumen pressure at the start of extracorporeal 
circulation in surgery, and its occurrence was observed 
after the release of aortic cross-clamping or the completion 
of surgery due to residual dissection in the Valsalva sinus 
following supra-coronary prosthetic graft anastomosis.1131 
The incidence of coronary artery malperfusion in patients 
with acute Type A aortic dissection is 5.7–14.9%; however, 
it varies depending on whether the report targets only the 
cases of preoperative ischemia or whether it includes 
intraoperative and postoperative occurrences.1127–1129,1132–1140 
With regard to its laterality, several studies have reported 
its more frequent occurrence in the right coronary 
artery,1136,1141 which may be because the extension of 
dissection to the aortic root tends to occur on the greater 
curvature side. However, no laterality was observed when 
non-surgical cases were also considered, and some suggested 
that this is because many patients with left coronary artery 
ischemia rapidly progress to circulatory collapse and die 
before surgery.1140,1141

Severe tortuous stenosis Before TEVAR After TEVAR

Figure 61.  Severe stenosis of a 
graft in the steep aortic arch and its 
treatment.

Table 35. COR and LOE for the Diagnosis and Treatment of Coronary Artery Malperfusion in Acute Stanford 
Type A Aortic Dissection

COR LOE

 It is recommended to evaluate the presence or absence of myocardial ischemic changes 
preoperatively by a 12-lead electrocardiogram, and the presence or absence of asynergy is 
evaluated with echocardiography1127,1128

I C

 It is recommended to evaluate the presence or absence of myocardial ischemia occurrence 
intraoperatively by transesophageal echocardiography212 I C

 It is recommended to perform CABG with a venous graft for coronary artery malperfusion that 
cannot be improved by prosthetic graft replacement alone1128 I C

 If dissection is diagnosed during emergency catheterization, coronary artery recanalization with 
catheter intervention should be considered when the preparation for open surgery is 
started1129,1130

IIa C

 Preoperative coronary artery recanalization by catheter intervention may be considered if the 
hemodynamics fail due to coronary artery malperfusion and it is difficult to start open surgery 
promptly1129,1130

IIb C

CABG, coronary artery bypass grafting; COR, class of recommendation; LOE, level of evidence.
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Acute Type A aortic dissection with patent false lumen 
has a low complication rate of atherosclerotic lesions in 
the coronary artery.1142 Coronary artery malperfusion 
complicating aortic dissection suddenly develops at the 
coronary artery bifurcation in patients with no history of 
angina, with rapid progression of myocardial necrosis. In 
complete occlusion, highly advanced myocardial necrosis 
occurs with recanalization beyond 90 min after the onset.1143 
The treatment results of PCI for acute myocardial infarction 
due to left main coronary artery trunk occlusion are poor 
with an early mortality rate of 11–44%.1144 On the other 
hand, right coronary artery malperfusion is also compli-
cated by right heart failure associated with right ventricular 
infarction, making its perioperative management difficult.

Neri et al. classified 24 patients with coronary artery 
dissection into 3 types according to the occlusion mecha-
nism. Type A has occlusion in which the dissection is 
located at the ostium, while Type B has occlusion in which 
the dissection has extended to the coronary artery. Type C 
has occlusion due to a rupture of the coronary artery 
intima. Also, they performed the button formation at the 
origin of the coronary artery in Type A, patch formation 
by longitudinal incision of the coronary artery in Type B, 
and root replacement after resecting coronary artery 
occlusion site and interposing venous graft in type C. The 
mortality rate of the patients was reported to be 21%.1127 
In Japan, Kawahito et al. performed ascending aortic 
replacement with the addition of coronary artery bypass 
surgery on 12 patients with coronary artery malperfusion 
(9 patients had preoperative ischemia) without performing 
aortic root replacement, and its mortality rate was 
33.3%.1128 Another report showed the deaths of 45% of 
patients with left coronary artery malperfusion (11 
patients) and 22% of patients with right coronary artery 
malperfusion (9 patients), indicating that the former has a 
higher mortality rate.1135

Types A and B coronary artery dissections, classified by 
Neri, do not require coronary artery bypass and aortic 
root replacement if central repair is performed with the 
resection of the entry. However, caution is needed for type 
C dissection, as it can be diagnosed by the leakage of 
anterograde cardioplegic solution into the false lumen 
when it is injected from the coronary ostium. In this case, 
coronary artery bypass and ascending aortic replacement 
leave an entry in the root dissection cavity. In addition to 
coronary artery bypass, ascending replacement and ligation 
of the origin of the coronary artery or root replacement are 
required.

In 2000, Barabas et al. reported surgical cases for acute 
Type A aortic dissection after stent deployment in the left 
main coronary artery trunk.1145 In Japan, Imoto et al. 
reported similar cases in 2005.1146 Subsequently, of 75 
patients with dissection spreading to the coronary ostium 

(48 patients had preoperative ischemia), preoperative 
coronary artery recanalization with coronary artery stent 
was performed on 7 patients (right: 4 patients, left: 3 
patients), which was shown to prevent postoperative low 
output syndrome.1130 In addition, Uchida et al. of the same 
facility performed coronary artery stent deployment in 14 
patients (left: 8 patients, right: 6 patients), 11 (left: 5 cases, 
right: 6 cases) of whom underwent central repair, and they 
reported that the lives of the patients were saved in all 
surgical cases.1140 There have been similar case reports, 
most of which focused on patients with left coronary artery 
malperfusion.1147–1157

However, the preoperative deployment of coronary 
artery stent is not easy in patients with acute Type A 
dissection. The treatment may be unsuccessful because of 
an aberrant catheter into the false lumen or restriction of 
catheter operation due to flap movement. In addition, 
preoperative coronary artery stent deployment delays 
central repair, leading to poor results. Whether coronary 
artery stent deployment should precede in patients compli-
cated by coronary artery malperfusion is determined based 
on circumstances in each facility. In some cases, urgent 
coronary angiography has been initiated with the diagnosis 
of acute myocardial infarction without being aware of the 
presence of acute Type A dissection. Such cases can be 
treated promptly and effectively if coronary artery stent 
deployment is performed on-site concurrently with surgical 
preparation. A close cooperation between cardiologists 
and cardiovascular surgeons is essential.

The management of deployed stents also poses a problem. 
While intraoperative stent removal may cause intimal 
injury, a stent that is left without being removed leads to a 
risk of subacute thrombus occlusion of the stent. Since this 
risk is further increased by insufficient expansion of a stent 
to the coronary artery diameter, strict antiplatelet therapy 
is essential.

On the other hand, rapid diagnosis by transesophageal 
echocardiography is important for coronary artery malp-
erfusion that occurs during central repair.212,1158 Left 
ventricular wall motion needs to be evaluated at the start 
of extracorporeal circulation, as well as at the time of aortic 
cross-clamping release. Serious myocardial damage can be 
avoided by early aortic cross-clamping and cardiac arrest 
with the injection of cardioplegic solution at the start of 
extracorporeal circulation or by coronary artery bypass 
with venous graft after the release of aortic cross-clamping.

b. Brain (Table 36)
Cerebral ischemic symptoms associated with acute aortic 
dissection can be divided into consciousness disturbances, 
such as coma, and local nerve injury, such as hemiplegia. 
Its causes are broadly divided into malperfusion due to 
dissection of the arch branch, thromboembolism on the 
distal side of the arch branch dissection, hypotension 
(myocardial ischemia and systemic circulatory failure due 
to cardiac tamponade or massive hemorrhage), and 
mechanical compression of the cerebral nerve. Multiple 
factors, such as decreased blood pressure due to cardiac 
tamponade, may be involved in stenosis of the true lumen 
of the arch branch. The rate of dissection spreading to the 
arch branch due to acute type A dissection is said to be 
5–46%.95 In particular, dissection of the brachiocephalic 
artery is likely to be associated with acute type A dissection, 
and in fact, dissection often extends to the right common 
carotid artery in patients with cerebral ischemic symptoms. 

Table 36. COR and LOE for the Treatment of Acute Stanford 
Type A Aortic Dissection With Cerebral 
Malperfusion

COR LOE

 Central repair for carotid artery malperfusion 
with acute dissection should be considered to 
improve carotid artery blood flow in the 
hyperacute phase1058,1159–1161

IIa C

COR, class of recommendation; LOE, level of evidence.
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In a study of autopsy cases, 42.2% had dissection in the arch 
branch.24 However, dissection spreading to the carotid 
artery does not always cause clinical cerebral ischemic 
symptoms, and less than 20% of patients have persistent 
nerve injury since most cases develop a tear (re-entry) in 
the periphery of the arch branch.69,1162,1163

Whether patients with acute dissection-related cerebral 
ischemia should receive urgent central repair or medical 
(conservative) treatment is controversial.75,96,1164–1166 
Central repair using normal extracorporeal circulation 
may cause cerebral hemorrhage (post-infarction cerebral 
hemorrhage) and extensive cerebral edema. On the other 
hand, patients with persistent neurological signs, such as 
consciousness disturbance and hemiplegia, and highly 
unstable acute dissection have a considerably high in-
hospital mortality rate of 36.2–55.9%.1167 In particular, 
malperfusion of the carotid artery is a sign of poor prog-
nosis, and the results of its medical treatment are markedly 
poor, with a survival rate of 10% or lower.1168–1170

However, the usefulness of hyperacute-stage surgery 
has become clear in the recent years.1058,1159,1171–1173 It has 
been reported that 80% of cases achieved neurological 
improvement when central repair was started within 10 h of 
onset.1159 Improvement of neurological signs was seen even 
in 86% of patients complicated by severe consciousness 
disturbance, such as coma, when they were transported to 
the surgery room within 5 h of onset.1058 Therefore, mini-
mizing the time from onset to surgery is expected to improve 
the treatment results of central repair even in patients with 
severe cerebral ischemic symptoms. Furthermore, direct 
perfusion to the common carotid artery with a relatively 
little dissection,1160 as well as extra-anatomical aorta-carotid 
artery bypass surgery aimed at minimizing the cerebral 
ischemia time before central repair, was also reported to be 
useful.1161 In addition to performing surgery at the earliest 
timing, it is important that central repair uses the deep-
hypothermic therapy in combination with selective cerebral 
perfusion to appropriately protect the brain and to reliably 
reconstruct the blood flow in the dissected arch branch. 
From this viewpoint, some facilities prefer partial arch 
replacement that requires a shorter time compared to total 
arch replacement, replacing only the brachiocephalic 
artery to which dissection is likely to spread.1170

c. Abdominal Viscera, Kidneys, and Lower Limbs
i. Incidence, Pathological Condition, and Prognosis
Ischemia of the abdominal viscera, kidneys, and limbs 
caused by malperfusion is found in 5.8%, 8.7%, and 12.6% 
of patients with acute type A dissection, respectively, and 
the odds ratios for early mortality (within 30 days) are high 
at 3.24 for abdominal visceral ischemia and 1.43 for limb 
ischemia.1138 On the other hand, acute Type B dissection 
has a slightly high incidence of abdominal visceral ischemia 
of 7.1%, and several patients are complicated by renal or 
lower limb ischemia, with a high risk of postoperative in-
hospital mortality (odds ratio of 4.44).1174 In particular, 
intestinal ischemia leads to intestinal necrosis approximately 
4 h after the occurrence of ischemia, ultimately progressing 
to peritonitis and multiple organ failure. In addition, even 
with reperfusion, lower limb ischemia with an ischemia 
time exceeding 3–4 h causes myonephropathic metabolic 
syndrome, adversely affecting the whole body. These 
indicate the importance of the time until treatment in 
lifesaving, and rapid transport to a facility capable of 
providing open surgery and endovascular treatment 

(including hybrid surgery) with a team of cardiac and 
vascular surgeons is needed,1175 for which a prompt diag-
nosis is desirable.

Dynamic and static obstructions can be evaluated in 
radiation diagnosis.1176 In the former, the flap pressed by 
the high pressure of the false lumen in the aorta blocks the 
entry of the branch, causing malperfusion; additionally, 
numerous cases exhibit true lumen stenosis in the central 
aorta, which reduces the blood flow reaching the branch 
level. For this type of obstruction, aortic treatment is 
selected, which includes entry closure with stent graft and 
a device that dilates the true lumen of the central aorta. On 
the other hand, dissection in the latter extends to the 
branch artery, and the thrombosed false lumen occludes 
the true lumen (“dissecting hematoma” according to a 
report by Williams et al.1176), which is likely to occur in the 
absence of re-entry in the periphery. This type of obstruction 
often requires treatment for the branch artery (endovascular 
treatment or open surgery). Echographic examination, if it 
can be performed, allows for the real-time evaluation of true 
lumen blood flow of the aorta and branch artery, as well as 
the degree of false lumen thrombosis in the branches, 
which may be helpful in deciding the treatment policy.
ii. Diagnosis of Intestinal Ischemia
Diagnosis of intestinal ischemia is not always easy. While 
only approximately half of patients with ischemia complain 
of abdominal pain, it is also complained by approximately 
20% of patients without ischemia.77 Although the pain is 
likely caused by aortic dissection itself, it is difficult to 
distinguish the pain based on subjective symptoms alone. 
Physical examination does not reveal any obvious abnormal 
findings leading to necrosis, and it cannot be reliably 
diagnosed by any blood tests at the stage of ischemia.

Contrast-enhanced CT examination is performed as the 
standard diagnostic imaging method for intestinal ischemia, 
which can be diagnosed by a clear disruption of blood 
flow, dilation of the intestinal tract, or ascites. The ratio of 
the diameter of the superior mesenteric artery (SMA) to 
that of the superior mesenteric vein was reported to be a 
finding for suspecting intestinal ischemia before exhibiting 
irreversible changes;1177 however, it does not correspond in 
many cases. Significant intestinal ischemia may occur even 
with contrast-imaged SMA.1178 Although it is more reliable 
to examine the color tone of the intestinal tract directly 
with a laparotomy or laparoscopy,1179,1180 aortic surgery 
may have to be prioritized in patients with unstable 
hemodynamics. In addition, localized intestinal necrosis 
may be overlooked under a small laparotomy or laparos-
copy.210 It may not be easily distinguished, even by visual 
inspection, before reaching complete necrosis; nevertheless, 
ICG (indocyanine green) contrast examination was shown 
to be useful.1181

Echographic examination, which can be performed 
quickly and easily, is also considered as an option. SMA 
can often be visualized by body surface echography, and 
attenuation of intestinal tract peristalsis is also a reference 
finding for suspecting intestinal ischemia.213,1182 On the other 
hand, transesophageal echocardiography is useful when 
surgery is started without sufficient preoperative evaluation, 
when new malperfusion occurs intraoperatively, or when 
perfusion recovery needs to be confirmed in non-laparotomy 
cases (See “3.6 Echographic Examination” in Chapter III). 
Intestinal ischemia is strongly suspected if the true lumen 
diameter of SMA is smaller than half the diameter of the 
entire blood vessel.214,215
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iii. Treatment of Intestinal Ischemia
Invasive treatments of intestinal ischemia include SMA 
revascularization using the great saphenous vein under 
laparotomy,1183 stent deployment in SMA,1184 and intimal 
flap fenestration in the aorta.1185 In particular, endovascu-
lar treatment is becoming mainstream since its results are 
considered to be comparable to or better than those of 
conventional open surgery.1186 The challenges in its invasive 
treatment are the prioritization of aortic surgery (central 
repair), SMA revascularization, and resection of the intes-
tinal tract; however, they must be individually determined 
for each patient. Central repair is preceded if the patient 
has cardiac tamponade or severe malperfusion of other sites 
or if intestinal tract ischemia is not severe.477,1162,1187 Reper-
fusion of SMA is prioritized if the prognosis is thought to 
improve by minimizing intestinal necrosis.477,1136,1188 If both 
are urgent, central repair may be performed concurrently 
with temporary selective perfusion of SMA.1189,1190 The 
hybrid surgery room is advantageous because central repair 
and endovascular treatment can be performed quickly in 
one room.1175,1191

iv. Renal Ischemia
The occlusion of bilateral renal arteries is rare, and it is often 
unilateral occlusion. Branch perfusion is often resumed by 
performing entry resection and aortic reconstruction with 
central repair for predominant blood flow in the true 
lumen (dynamic obstruction), although it does not resume 
in some cases. Stent deployment is performed for static 
obstruction of SMA if severe stenosis remains after central 
repair, including TEVAR.
v. Lower Limb Ischemia
The reported incidence of lower limb ischemia in acute 
Type B dissection varies in the range of 5.7–30.0%. 
When acute Type B dissection develops in patients who 
have received abdominal aortic replacement, lower limb 
ischemia occurs at a high rate of 75%.479 Patients compli-
cated by lower limb ischemia have a high in-hospital 
mortality rate,1192 which is likely because of frequent 
complications by intestinal ischemia,479,1193 resulting in 
myonephropathic metabolic syndrome. Therefore, early 
diagnosis of lower limb ischemia is important, although it 
is not easy in some cases. Many patients undergo throm-
bectomy with a Fogarty catheter for suspected acute 
arterial occlusion,1194 and their lower limb pain is often 
masked by strong chest and back pain. Thus, dullness of 
the lower limbs, perceptual disorder, and movement 
disorder appear in only 15–20% of the patients.479 
Movement disorder of the lower limbs is caused by lower 
limb ischemia or spinal cord ischemia, and approximately 
half of the cases are bilateral limb ischemia.

Lower limb ischemia is treated by open surgery or 
endovascular treatment; however, comorbid malperfusion 
also needs to be considered. Surgical fenestration, which 
resects the flap after clamping the aorta above the celiac 
and renal arteries, is performed for patients complicated 
by abdominal visceral ischemia or renal ischemia. Also, 
femoral-femoral artery bypass surgery is performed for 
patients with unilateral ischemia of the lower limb alone, 
whereas axillary-bilateral femoral artery bypass surgery is 
performed for patients with bilateral ischemia. For endo-
vascular treatment, entry closure by TEVAR, stent graft 
deployment on the peripheral side of the aorta and the 
iliac artery region, and endovascular fenestration (funnel 
technique that deploys a balloon only or a stent1192) are 
selected.

While a Doppler blood flow meter is used to evaluate 
perfusion of the peripheral lower limbs, measurement of 
regional oxygen saturation (rSO2) in tissue by near-infrared 
spectroscopy has also been used.1195 After the resumption 
of perfusion, attention must be paid to myonephropathic 
metabolic syndrome and compartment syndrome. For the 
former, hemodiafiltration is used as needed to save the 
lives of patients.1196 In the latter, muscle edema increases 
the intrafascial pressure several hours after the onset of 
malperfusion, which may cause a new blood circulation 
disorder in the muscle septum and myonecrosis. In addition 
to palpation, fasciotomy is immediately performed on 
patients with an intrafascial pressure of 30 mmHg or higher 
to prevent further exacerbation of compartment syndrome.

  ▋ 2.2.5 Medical Treatment
a. Type A Aortic Dissection With Thrombosed False Lumen
There have been disagreements between Western and 
Asian countries regarding the treatment strategies for Type 
A aortic dissection with thrombosed false lumen which is 
generally known as aortic intramural hematoma (IMH), 
and opinions on the treatment strategies often differ 
between surgeons and physicians, even in Japan.

In South Korea, Song et al. reported that aortic dissection 
with thrombosed false lumen differs from aortic dissection 
with patent false lumen in several clinical aspects.1030 
With regard to the patient background, aortic dissection 
with thrombosed false lumen is more common in older 
adults, and it exhibits fewer complications, such as aortic 
valve insufficiency and cerebral infarction. In addition, its 
medical treatment has led to favorable results, and initial 
medical treatment is recommended for patients without 
any complications (uncomplicated dissection).1197 Even in 
Japan, several hospitals provide initial medical treatment 
for patients without any complications.1198–1200 One study 
reported that initial medical treatment in type A aortic 
dissection patients with thrombosed false lumen followed 
by urgent (within 24 h) or semi-urgent surgery (within 2–3 
days) for those with increased thrombosed false lumen or 
those who developed a patent false lumen resulted in a low 
in-hospital mortality rate of 7% and a favorable long-term 
prognosis with a 5-year survival rate of 90%.1031 Several 
similar results have been reported, mainly in Japan and 
South Korea.1030,1054–1056,1197,1201,1202

On the other hand, numerous studies have strongly 
suggested urgent surgery for Type A aortic dissection 
with thrombosed false lumen due to poor results of its 
medical treatment, mainly in Europe and the United 
States.1049–1053,1203–1205 The 2010 thoracic aortic disease 
clinical practice guidelines prepared by a joint committee in 
the United States (AHA/ACCF guidelines) classified urgent 
surgery for Type A aortic dissection with thrombosed false 
lumen, which is also performed for aortic dissection with 
the patent false lumen, as Class IIa.95,1206 In addition, the 
aortic disease clinical practice guidelines published by the 
European Society of Cardiology in 2014 (ESC guidelines) 
also classified the urgent surgery as Class I.96 In particular, 
aortic dissection with thrombosed false lumen was reported 
to have favorable surgical results because of few malper-
fusion,1052 which is the basis for recommending urgent 
surgery.

It should be noted that strict antihypertensive treatment 
(systolic blood pressure of ≤120 mmHg and heart rate of 
<60 beats/min are desirable) and follow-up by diagnostic 
imaging are required if medical treatment is selected in the 
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early stage. According to reports of medical treatment, 
approximately 30–40% of patients have shown the 
progression of dissection, for which surgery have been 
performed.1031,1055,1056 On the other hand, patients with an 
aortic diameter of ≥48 mm,1207 ≥50 mm,1056,1208 and 
≥55 mm,1055 or with a thrombosed false lumen diameter of 
≥11 mm1207 and ≥16 mm1055 have a high rate of dissection 
progression during medical treatment, and they are regarded 
as a “high-risk group.”

Based on these, the current treatment strategy for 
Type A aortic dissection with thrombosed false lumen is 
considered as follows. First, patients complicated by 
myocardial ischemia, aortic valve insufficiency, or cardiac 
tamponade are indicated for urgent surgery. Also, early 
surgery should be considered for patients with obvious 
blood flow in the false lumen of the ascending aorta, as 
their dissection is considered to have transitioned to a 
ULP-type dissection (Note: Such cases with ULP are 
often regarded as aortic dissection with thrombosed false 
lumen; however, they were reported to have a poor 
prognosis.1035,1209,1210 Thus, it should be noted that the 
guidelines in Japan regard this pathological condition to 
be different from the aortic dissection with thrombosed 
false lumen, defining it as “ULP-type dissection.”) 
Furthermore, patients with an aortic diameter ≥50 mm or 
a thrombosed false lumen diameter ≥11 mm are regarded 
as the high-risk group, and early surgery is considered as 
desirable. However, urgent surgery is not always necessary 
for patients with stable condition, and they can likely be 
treated by semi-urgent surgery. An initial medical treatment 
may be given to patients other than those mentioned 
above; however, it is important that diagnostic imaging is 
frequently performed in medical treatment and that its 
course is followed up. Early surgery is recommended for 
patients exhibiting an enlarged thrombosed false lumen or 
blood flow in the false lumen of the ascending aorta 
during the course. Therefore, the circumstances in which 
surgery can always be performed are desirable and surgical 
indications should be examined by the “aortic team,” taking 
the age and surgical risks of each patient into consideration. 
It is desirable to obtain informed consent for treatment, 
always taking into consideration the controversy that early 
surgery is desirable.

b.  Retrograde Type A Dissection With a Tear in the 
Thoracic Descending Aorta

In general, patients with Type A dissection have a tear 
(entry) in the ascending aorta, from which the dissection 
often progresses in an anterograde manner. However, some 
patients lack a tear in the ascending aorta, and dissection 
progresses in a retrograde manner from a tear in the arch, 
descending aorta, or abdominal aorta. Among such 
patients of retrograde dissection, those with completely 
thrombosed ascending aorta are expected to show regres-
sion of thrombosed false lumen, which can be treated with 
medical treatment. Kaji et al. performed medical treatment 
on 14 retrograde dissection patients with completely 
thrombosed false lumen of the ascending aorta and 
reported a favorable long-term prognosis with a 5-year 
survival rate of 93%.1211 In addition, it was reported that 
medical treatment of 16 retrograde dissection patients with 
completely thrombosed false lumen of the ascending aorta 
led to favorable results.1212 Therefore, patients with 
completely thrombosed false lumen of the ascending aorta 
can be medically treated by performing diagnostic imaging 

frequently and following up the course while paying 
attention to the enlarged thrombosed false lumen and the 
presence of new blood flow in the false lumen.

When performing medical treatment, multidetector CT 
(MD CT) examination or transesophageal echocardiography 
must confirm that a tear is absent in the ascending aorta of 
the retrograde dissection and that the false lumen of the 
ascending aorta is completely thrombosed and occluded 
without blood flow. Regression of the false lumen cannot 
be expected if blood flow is found in the false lumen of 
the ascending aorta, for which medical treatment is not 
recommended.

 ▋2.3 Chronic Stanford Type A Aortic Dissection
  ▋ 2.3.1 Aortic Root and Ascending/Aortic Arch

In patients with chronic aortic dissection, the aortic wall is 
more rigid than in those with acute dissection, and aortic 
anastomosis is easier. In addition, false-lumen enlargement/
aneurysm formation involving an extensive area is often 
observed, and the extended aortic replacement may be 
required. For the establishment of cardiopulmonary bypass, 
several points must be particularly considered due to 
chronic dissection, and surgical strategies must be selected 
in accordance with patients.

a.  Establishment of Cardiopulmonary Bypass and Various 
Techniques

It is important to establish cardiopulmonary bypass safely. 
However, when retrograde perfusion is selected, organ 
perfusion is not always maintained. Usually, ascending 
aortic perfusion through true lumen is impossible in many 
patients with chronic Type A dissection. As sites for arterial 
cannulation, the axillary artery,1213,1214 femoral artery, or 
cardiac apex1215 are selected. It is important to carefully 
determine a site for arterial cannulation in accordance with 
patients. When dissection involving an aortic arch vessels 
may affect cerebral perfusion, the carotid artery should be 
transected at its periphery, and reconstructed with a small 
prosthetic graft so that cerebral perfusion may be accurately 
maintained through the true lumen.1216,1217

i. Repair of Aortic Valve Insufficiency
In approximately 80% of patients with acute dissection, 
aortic valve insufficiency is repaired by the aortic valve 
resuspension (the dissected aortic valve commissure is 
sutured/refixed with resuspension). Aortic valve plasty 
(±VSRR) is performed in patients with chronic dissection 
associated with aortic valve insufficiency, or, aortic valve 
replacement is selected. When aortic valve insufficiency is 
caused by advanced degeneration of valve leaflets, plasty/
repair are difficult in many cases.
ii. Aortic Root Replacement With a Composite Graft
In patients with annuloaortic ectasia complicated by 
dissection, VSRR549 or aortic root replacement using a 
composite graft (Bentall procedure) should be selected. 
For reconstruction of the coronary artery, the button 
technique is generally used, but the Piehler’s technique 
with a small-diameter prosthetic graft interposition557 is 
performed in some patients in whom mobilization of the 
coronary artery is difficult. For this method, short interpo-
sition graft should be used to prevent kinking. Concerning 
left coronary reconstruction, a interposed small graft is 
placed behind the main tube graft and anastomosed on the 
right side of the main graft (Svensson’s method558).
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iii. Valve-Sparing Aortic Root Replacement (VSRR)
Among patients requiring aortic root replacement due to 
enlargement of the Valsalva sinus or dissection involving 
the aortic root, VSRR with Yacoub’s remodeling method562 
or David’s reimplantation method1082 is selected as long as 
the aortic valve leaflet is normal or repairable. In some 
patients with chronic dissection, deformity of the entire 
root and the valve leaflet caused by commissure detachment 
is observed, VSRR is difficult. Bentall procedure is indicated 
for the patients. If ascending aortic dissection has been 
repaired at the supra-coronary level followed by the aortic 
root enlargement or re-dissection, VSRR is often applicable.

b. Aortic Reconstruction With a Prosthetic Graft
The extent of replacement varies among aortic lesions. Open 
distal anastomosis under deep hypothermic circulatory 
arrest, is generally selected for the sufficient resection of 
fragile aortic wall, preventing mechanical injury by an aortic 
cross-clamping. For brain protection, selective antegrade 
cerebral perfusion is safe, but simple deep hypothermic 
circulatory arrest or retrograde cerebral perfusion is 
sometimes selected in some cases. In any cases, surgeons 
must pay meticulous attention for preventing air embolism 
by increasing venous pressure by the cessation of the venous 
drainage and head-down position should be maintained 
when the aorta is opened under circulatory arrest.
i. Ascending Aortic Replacement
Ascending aortic replacement is indicated if an entry (tear) 
is present in the ascending aorta, with no dilation of the 
arch (including DeBakey type II dissection). For peripheral 
anastomosis, open distal anastomosis is usually performed. 
To avoid additional aortic arch surgery in the remote 
phase, a prosthetic graft should be anastomosed with the 
true lumen, but the procedure should be carefully deter-
mined in consideration with maintaining brain/distal organ 
perfusion. There is also a method to prioritize the treatment 
of the proximal aorta under ascending aortic clamping 
during cooling (in the presence of moderate or severe 
aortic valve insufficiency), but the development of distal 
malperfusion caused by the aortic clamping must be 
considered, as described for acute-phase surgery. On the 
other hand, when prioritizing distal anastomosis, antegrade 
systemic perfusion is resumed through the side branch of a 
prosthetic graft after the completion of distal anastomosis, 
and ascending aortic replacement is accomplished by 
performing proximal anastomosis after false-lumen closure 
and stump trimming under rewarming. As described for 
acute-phase surgery, there is also a method to perform the 
proximal anastomosis with another piece of prosthetic 
graft, involving the aortic valve treatment, followed by the 
suture for both proximal and distal prosthetic grafts.
ii. Ascending Aortic/Partial Aortic Arch Replacement
When an entry (tear) is present on the lesser curvature 
side of the aortic arch, it is possible to obliquely resect the 
aortic arch involving the tear and replace the ascending 
aorta and lesser curvature side of the aortic arch (hemiarch 
replacement). When dissection involves an arch neck vessels, 
concomitant reconstruction of 1 or 2 branches (partial arch 
replacement) provides a secure round shaped anastomosis, 
facilitating the procedure with less postoperative hemor-
rhage and suture cutting. Even when a tear is present on 
the greater curvature side of the aortic arch, the condition 
can be repaired using the partial arch replacement in some 
cases. For this technique, a distal anastomotic site is 
located on the more proximal side in comparison with total 

arch replacement, and the procedure is easier, shortening 
the operative time.

  ▋ 2.3.2 Aortic Arch
The majority of patients with acute Type A aortic dissection 
are subject to urgent surgery after being diagnosed. Thus, 
those who cannot be diagnosed with acute Type A aortic 
dissection due to the minimal symptoms presented at onset 
are treated for chronic Type A dissection and are subject 
to elective surgery. In the present guideline, chronic aortic 
dissection after ascending replacement for acute Type A 
dissection is classified as a chronic Type B dissection. Thus, 
this section covers cases in which the aortic arch is surgically 
treated due to chronic Type A dissection, in addition to the 
ascending or aortic root. According to the 2016 annual 
report published by the Japanese Association for Thoracic 
Surgery, there were 1,261 surgical cases of chronic Type A 
dissection. Also, there were 296 cases of arch replacement, 
51 cases of root to arch replacement, and 174 cases of FET, 
164 cases of which also received total arch replacement. 
These accounted for 40% of all cases of chronic Type A 
dissection.42

Several chronic Type A dissections are DeBakey type II 
with a large entry, for which partial arch replacement with 
the reconstruction of the brachiocephalic and left common 
carotid arteries is often selected, in addition to ascending 
aortic replacement. Surgical strategies for extensive aortic 
dissection are required for patients with a dissection cavity 
in the arch/descending aorta, in addition to the ascending 
aorta. As it is difficult to perform one-stage ascending/
arch/descending aortic replacement with left thoracotomy, 
a one-stage ascending arch-descending aortic replacement 
from bilateral anterior thoracotomy or median sternotomy 
(+left thoracotomy) is performed for patients who cannot 
be treated with staged surgery.1218,1219

However, aortic arch surgery with median sternotomy is 
generally performed as the initial surgery, and surgery on 
the descending aorta is performed in the second stage of 
staged surgery. Notably, ET or FET that induces blood 
flow to the true lumen of the descending aorta, in addition 
to aortic arch replacement, is also performed in the initial 
surgery.1220 The patients showing a shrinking tendency of 
the residual dissection site due to progressed false lumen 
thrombosis of the descending aorta in the initial surgery 
can be followed up; however, patients showing an enlarging 
tendency of residual dissection site are indicated for the 
addition of TEVAR for the true lumen of the descending 
aorta or descending/thoracoabdominal aortic replacement 
by left thoracotomy. A careful follow-up is needed as some 
patients develop stent graft-induced new entry.1221

a. Anastomotic Methods
The aortic anastomosis can be performed more easily in 
patients with chronic aortic dissection than in those with 
acute dissection due to their stronger aortic wall. With a 
thickened adventitia, strong anastomosis can be performed 
even for the false lumen. Anastomotic methods include the 
double-barrel method, which anastomoses both the true 
and false lumina, and the method of anastomosing only 
the true lumen by angioplasty. The former has no risk of 
malperfusion; however, it is not expected to lead to false 
lumen thrombosis. Central anastomosis of chronic Type A 
dissection targets the true lumen for the entry resection. On 
the peripheral side, the false lumen is generally closed by 
angioplasty to induce blood flow to the true lumen of the 
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descending aorta, and after inserting ET or FET into the 
true lumen, vascular anastomosis is performed with the 
inserted graft. A site with small enlargement is selected as 
the anastomotic site since angioplasty is difficult with an 
enlarged anastomotic site, and the ascending aorta is 
selected in some cases. Insertion of ET or FET is difficult 
in patients with the highly compressed true lumen of the 
descending aorta. Thus, in some cases, the double-barrel 
method is used for peripheral anastomosis, or ET is 
inserted into the false lumen after the resection of the 
dissection flap. It has been pointed out that the insertion 
of FET into the true lumen of the descending aorta has 
the risk of developing stent graft-induced new entry.1221 
Oversizing of the stent graft and deployment at the tortuous 
arch site were reported to be risk factors.

b. Complications
See the section on chronic Type B dissection (“3.2.4.f 
Precautions for the Management of Surgical Cases in the 
Chronic Stage” in this chapter).

 ▋2.4 Reoperation
  ▋ 2.4.1 Background and Epidemiology

Most patients with acute Type A aortic dissection have an 
entry (tear) in the ascending aorta. Based on the principle 
of entry resection, the standard surgical procedure is 
ascending aortic replacement or ascending/aortic arch 
replacement. In consideration of the fate of residual dissec-
tion on the distal side (aiming for the disappearance of the 
false lumen below the descending aorta), whether total 
arch replacement should be performed during initial surgery 
is still controversial, as the level of recommendation differs 
depending on the site of entry, the range of dissection, and 
the experience of the facility and operator.

a. Postoperative Complications in the Late Stage
Aortic valve insufficiency after central repair based on the 
preservation of autologous aortic valve (supra-coronary 
repair), mainly aortic valve sling operation (suture and 
fixation of dissected aortic valve commissure), central/
peripheral aortic aneurysm, sutural insufficiency (pseudoa-
neurysm), and re-dissection/re-canalization can be the 
causes of reoperation.

b. Aneurysm Formation at the Site of Residual Dissection
DeBakey type I dissection, which accounts for most of 
acute Type A dissections, remains in the distal aorta even 
after ascending and arch replacement. Thus, attention 
must be paid to the long-term extension and enlargement 
of residual dissection, as well as thrombosis formation in 
the false lumen. Sustained patency has been found in 
46–78% of the residual false lumen on the distal side after 
the surgery of Type A dissection.1222–1225 Postoperative 
survival cases with no enlargement of aneurysm diameter 
were reported to be 75% at 3 years, 59% at 5 years, and 
43% at 8 years.1226 Reoperation by prosthetic graft 
replacement or stent-graft deployment (TEVAR/EVAR) 
needs to be considered for patients exhibiting an enlarged 
aneurysm.

c. Reoperation Rate
According to the 2016 annual report of the Japanese 
Association for Thoracic Surgery, which was compiled 
based on JCVSD, the in-hospital mortality rate of reopera-

tion cases of acute Type A dissection was 7.9%.43 The causes 
of reoperation in more than 80% of patients were rupture, 
re-dissection, and enlargement of an aneurysm.1227–1229 The 
freedom rates from reoperation 5, 10, and 15 years after 
initial surgery were reported to be 94%, 64%, and 35%, 
respectively,1229 while the long-term reoperation rate after 
initial surgery (regardless of the procedure) was reported 
to be 4–28%.1230 After ascending aortic replacement for 
acute Type A dissection (including cases of root replacement 
that required aortic valve repair), 104 of 592 patients 
required reoperation, and the time until reoperation was 
5.2±5.3 years (0.1–29.3 years), with no relationship between 
the factors of reoperation and the time until reoperation.1231 
Naturally, the reoperation rate is high in patients who have 
undergone only ascending aortic replacement in the initial 
surgery1232 (initial surgery includes both chronic and acute 
phases).

For the surgery of residual dissection and aneurysm 
beyond the distal arch, see “3. Reoperation” in Chapter VII. 
The present section outlines the reoperation of the central/
peripheral anastomotic sites, including the aortic root.

  ▋ 2.4.2  Causes of Reoperation and Surgical Indications 
(Table 37)

The causes of reoperation include central anastomotic 
enlargement (including aortic root enlargement and aortic 
valve insufficiency), peripheral false lumen enlargement, 
and prosthetic graft infection. Basically, the indications for 
reoperation are the maximum minor axis of ≥55–60 mm 
and rapid enlargement (≥5 mm/6 months) based on normal 
true aneurysm, and reoperation is considered based on 
symptoms in addition to these indications.384 If the patient 
has Marfan syndrome or other (hereditary) connective 
tissue disorders, it is necessary to advance the indications, 
such as setting the maximum minor axis to ≥45–50 mm.

  ▋ 2.4.3 Procedure and Precautions of Reoperation
Reoperation after the repair of Type A aortic dissection 
often requires re-thoracotomy (re-median sternotomy). 
Therefore, it is important to detach and secure the periph-
eral arteries and veins in advance for a blood supply/
removal route, which allows for the instant establishment 
of extracorporeal circulation upon cardiac/great vessel 
injury. Several cases utilize unilateral or bilateral arteries 
and veins in the inguinal region that can be intubated 
directly and quickly. Although the axillary and subclavian 
arteries can be used, a blood supply tube with sufficient 

Table 37. COR and LOE for the Reoperation for Stanford 
Type A Aortic Dissection

COR LOE

 It is recommended to perform reoperation for 
residual aortic rupture or rapid enlargement of 
aortic diameter (≥5 mm/6 months)384

I C

 It is recommended to perform reoperation for 
the enlargement of residual aortic diameter 
(≥60 mm)384,1233

I C

 CT examinations 1, 3, 6, and 12 months after 
surgery, as well as every 6 months thereafter, 
should be considered for patients who 
underwent only ascending aortic replacement 
in the initial surgery1231,1232

IIa C

COR, class of recommendation; CT, computed tomography; 
LOE, level of evidence.



Circulation Journal Vol.87, October 2023

1504 OGINO H et al.

thickness cannot be inserted into these in some cases, and 
a prosthetic graft with a diameter of approximately 8 mm is 
used as a blood supply route after anastomosis in such cases. 
Although this is inferior in the immediacy of establishing a 
blood supply route, it can be used in combination as a 
blood supply route for selective cerebral perfusion. If a 
fragile anastomotic pseudoaneurysm adheres to the back of 
the sternum, it is safe to first start extracorporeal circulation, 
and sternotomy is performed after cooling to a temperature 
range that allows for short-term circulatory arrest. If 
hyperextension of the left ventricle is concerning during 
cold ventricular fibrillation, it is also effective to reduce the 
blood supply pressure or to insert a vent directly into the left 
ventricular cardiac apex from the left 5th intercostal space.

When performing a sternotomy, measures to avoid an 
injury must be taken if an implanted prosthetic graft or its 
continuous aneurysmal lesion is close to or adhered to the 
back of the sternum. It is effective not to easily remove the 
sternal wire that has been implanted during the previous 
surgery and to use it as an invasion index of the sternal saw 
or a protective shield for organs. To avoid organ injury, it 
is also effective to carry out the guidance of the sternal saw 
and traction of the sternum itself to the ventral side, as well 
as to manually separate the adhesion between the back of 
the sternum and the prosthetic graft or the aneurysmal 
wall by making a small incision between the parasternal 
intercostals outside the pleura immediately prior to the 
sternotomy.

a.  Aortic Root Enlargement and Central Anastomotic 
Pseudoaneurysm

Enlargement of the aortic root, concomitant aortic valve 
insufficiency with a moderate or higher degree, and anas-
tomotic pseudoaneurysm are indicated for reoperation. 
The procedure is decided in consideration of age, surgical 
tolerance, lesions, and comorbidities. The passivity of 
coronary artery trunk or coronary artery entry point may 
be difficult after root replacement because of strong adhe-
sion after the reconstruction of the coronary artery. Also, 
it may be difficult to make a coronary artery button due to 
tissue degeneration caused by surgical glue. In such a case, 
the Piehler method, which interposes a small-diameter 
prosthetic graft, is useful.

The incidence of complications during the reconstruc-
tion of the coronary artery in reoperation is high at 
25–50%,1234–1236 and perioperative myocardial infarction 
and unexpected addition of coronary artery bypass surgery 
are independent risk factors for early mortality.1235,1237 In 
addition, several patients with aortic dissection do not 
have lesions of the aortic valve itself, and they, mainly those 
at a young age, may be indicated for VSRR. Furthermore, 
the procedure of preserving the prosthetic valve and 
replacing the root with the prosthetic graft is an option for 
patients who have undergone aortic valve replacement as 
initial surgery, if the prosthetic valve is a mechanical 
valve.1238

It should be noted that central anastomosis is reinforced 
with felt in most cases, and the excessive separation/
removal causes injury to the right atrium, coronary artery, 
and pulmonary artery. In addition, some of surgical glues 
and hemostatics used during the initial surgery remain 
even after the reoperation, causing embolism, and attention 
must be paid to their careful removal. Some surgical glues 
may cause tissue degeneration under heavy use, and the 
strength of the residual tissue also needs to be considered.

b.  Peripheral Anastomotic Pseudoaneurysm and 
Enlargement Beyond the Anastomotic Site

Total arch replacement is performed based on the procedure 
for true aneurysms. It should be noted that ascending and 
partial arch replacement or total arch replacement may be 
selected in the initial surgery for the DeBakey type III 
retrograde dissection, while leaving an entry (tear) below 
the descending aorta. In such cases, the false lumen below 
the descending aorta enlarges in the late stage. For this, 
one-stage or staged surgery using ET/FET or TEVAR in 
combination is considered. In reoperation with distal aortic 
anastomosis, great care must be taken in both the operation 
of the true lumen enlargement and the anastomosis, 
including excessive FET insertion, since the plasticity of 
dissection flap in the chronic stage is often poor. As with 
the central side, attention must be paid to the separation/
removal of the outer felt and the management of surgical 
glues.

  ▋ 2.4.4  Procedure of Initial Surgery From the Viewpoint of 
Reoperation

According to a report by Kazui et al.,1239 the patent false 
lumen remained on the distal side in most cases of ascending 
replacement for acute Type A dissection, and the aorta-
related event avoidance rate, including reoperation, was 
reported to be 70% at 6 years. It was also reported that 
while the patent false lumen in the thoracic descending 
aorta was found in 50–70% of patients after ascending/
partial arch replacement, it was found only in 30% after 
total arch replacement.1091 In 1992, Crawford et al. 
reported that acute Type A dissection patients, even those 
with an entry in the ascending aorta, should be treated with 
ascending/total arch replacement, which can be performed 
in the same field of view, if they have no surgical risk 
factors.1064 In fact, some have reported that the reoperation 
rate is reduced by performing extended surgery (root 
replacement or total arch replacement) to the possible extent 
in the initial surgery of acute Type A dissection.1091,1231,1240–1242 
However, extended surgery with insufficient preoperative 
information, including examinations before urgent surgery, 
as well as circulatory failure or organ ischemia due to aortic 
dissection itself, carries some risks. Thus, its indications 
need to be carefully determined as they may worsen early 
results during the initial surgery, which aims to save the 
lives of patients in several cases. In particular, various urgent 
surgeries are performed at night, which may be handled by 
facilities with a small number of cases or inexperienced 
surgeons, and the policy of giving first priority to lifesaving 
is important.

Total arch replacement may be an effective option for 
DeBakey type III retrograde dissection with an entry in the 
descending aorta because the patients are expected to 
exhibit an enlarged descending aorta in the late stage. In 
this procedure, FET is inserted into the descending aorta, 
or the ET method is performed for a sufficient landing 
zone, considering the possibility of additional TEVAR.

  ▋ 2.4.5 Results of Reoperation
In a recent report,1233 the in-hospital mortality rate 30 days 
after reoperation was 7.0%, and the survival rates 1 year 
and 5 years after reoperation were 85.9% and 64.9%, 
respectively. Age and function of major organs, such as the 
brain, heart, lungs, kidneys, and liver, can affect the 
approach, procedure, and results. In fact, preoperative 
cardiac and renal functions were reported to be factors 
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affecting the in-hospital mortality in reoperation of the 
aorta with median sternotomy.1243

 ▋2.5 Endovascular Treatment (Table 38)
The FET method is the most applied stent-graft (SG) 
deployment for Type A aortic dissection. Normal TEVAR 
was performed on only 90 of 4,875 patients with acute Type 
A dissection (1.8%) and 161 of 1,211 patients with chronic 
Type A dissection (13.3%); however, these may include 
TEVAR performed after prosthetic graft replacement for 
DeBakey type III retrograde dissection and acute Type A 
dissection (data collected by the Japanese Association for 
Thoracic Surgery in 2015).42

In Type A dissection, an entry is most often found in 
the ascending aorta. Therefore, although open surgery 
(prosthetic graft replacement) is the first treatment choice, 
it cannot be easily performed in patients of advanced age, 
frailty, difficulty in reaching thoracotomy, reoperation, 
comorbidities such as heart failure and COPD, and refused 
blood transfusion due to religious reasons, in addition to 
severe malperfusion, such as dementia, advanced cancer, 
and cerebral disorders.1247 Due to the poor prognosis of its 
medical treatment,1248 TEVAR for entry closure is currently 
performed only in limited cases for which open surgery is 
difficult.

The closure of an entry in the ascending aorta by SG has 
been studied with a simulation using CT examination;1249–1251 
however, the possibility of its implementation has hardly 
been established. Branched and short SGs have been 
developed for the deployment in the aortic arch and 
ascending aorta, none of which is currently approved in 
Japan.

TEVAR for the ascending aorta performed immediately 
after the onset of acute Type A dissection has been 
reported since 2004.1252–1254 In addition, there have been 
medium-scale reports on TEVAR performed not only in 
the acute phase but also in the subacute and chronic phases 
and TEVAR for the ascending aorta, including residual 
dissection and aortic aneurysm after prosthetic graft 
replacement.389,1255–1261 However, these reports were based 
on limited indications using open surgery as the first 
choice, and their evidence is scarce due to varying disease 
stages and sites.

In DeBakey type III with an entry in the descending 
aorta, patients with retrograde Type A dissection extending 
to the ascending aorta generally have a favorable prognosis, 
including the cases in which thrombosis has formed in the 
dissection cavity of the ascending aorta, and it has been 
reported that they can be treated with medical treatment 
in the acute phase.1211,1212,1262 In addition, TEVAR for 
retrograde Type A dissection has been reported since it was 
first described by Kato et al. in 2001.1244–1246 The method is 
useful for closing the tear of the descending aorta that 
cannot be easily reached by prosthetic graft replacement 
with median sternotomy, and it may be considered a 
minimally invasive treatment for high-risk patients, such 
as older adults. However, if the dissection involves the 
enlargement of the ascending aorta or pericardial effusion, 
prosthetic graft replacement should also be performed. A 
similar effect is expected with the FET method. However, 
while TEVAR is minimally invasive, the FET method 
poses a concern about the recurrence of aortic dissection 
caused by a new intimal tear due to dissected central 
landing zone.

3. Stanford Type B Aortic Dissection

 ▋3.1 Acute and Subacute Dissection
  ▋ 3.1.1 Indications of Treatment: Overview

It is the most important for diagnosis to “suspect” acute 
aortic dissection based on clinical symptoms and basic 
laboratory findings.

Clinical symptoms/findings suggestive of acute dissection 
include sudden severe chest and back pain/precordial 
anxiety, shock vital, abnormal hypertension, consciousness 
disorder/paralysis of the lower limbs, abdominal pain, lower 
back pain, wandering pain, laterality in the blood pressure, 
blood pressure differences between the upper and lower 
limbs, and pulse deficit. Laboratory findings suggestive of 
acute dissection include enlargement of a mediastinal 
shadow on chest X-ray, pleural effusion, electrocardio-
graphic abnormalities, increases in the leukocyte count and 
C-reactive protein (CRP) level on hematology, anemia, 
and an increase in the D-dimer level. In particular, the 
sensitivity of an increase in the D-dimer level is high, 
becoming an opportunity to promote further investigation 
under a tentative diagnosis of dissection.98 Furthermore, 
findings, such as pericardial fluid retention on transthoracic 
echocardiography, aortic valve insufficiency, and enlarge-
ment of the Valsalva sinus, suggest acute aortic dissection. 
If acute dissection is suspected through the above exami-
nations, diagnostic imaging, such as contrast-enhanced 
CT, should be performed. On imaging, Type A dissection 
should be differentiated from Type B. If a diagnosis of 
acute Type B dissection is made, complicated dissection 
should be differentiated from uncomplicated (See “3.1.2.a 
Definition” in this chapter).

Unlike acute Type A dissection, acute Type B dissection 
has a low mortality rate of approximately 10% with 
conservative treatment,1192,1263–1265 therefore, medical 
treatment involving heart rate/blood pressure control and 
resting has been recommended for uncomplicated dissection 
patients without serious complications (sequelae) such as 
rupture and malperfusion.1192,1263–1270 For medical treatment, 
target heart rate and blood pressure values are established, 
respectively; heart rate <60/min, 100≤ systolic blood pres-
sure ≤120 mmHg.1264,1266–1270 The persistence, resolution 
and recurrence of pain in the acute phase is the most 
important. If persistent/recurrent pain is present, emergency 
treatment should be considered under a diagnosis of 
complicated Type B dissection.390,1271

To treat complicated acute Type B dissection, endovas-
cular treatment is recommended as invasive treatment.386,1272 
In the case of rupture, TEVAR should be prioritized unless 
there is concomitant aneurysm.1273 In the case of malper-
fusion, extra-anatomical bypass, which had been routinely 

Table 38. COR and LOE for TEVAR for Stanford Type A 
Aortic Dissection

COR LOE

 TEVAR may be considered for patients with 
retrograde Type A dissection due to an intimal 
tear of the descending aorta and who are at 
high risk of aortic arch replacement1244–1246

IIb C

COR, class of recommendation; LOE, level of evidence; TEVAR, 
thoracic endovascular aortic repair.
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conducted in Japan, should not be indicated, excluding 
patients with static obstruction. Closure of a major entry 
by TEVAR (± aortic branch stenting)386,1272,1274,1275 or 
fenestration (endovascular treatment or open surgery) at 
the abdominal aortic level should be performed in the 
patient with malperfusion.140,477–481,1276–1279

If complications similar to those in the acute phase 
appear in the subacute phase (within 3 months after onset) 
following the acute phase (within 2 weeks after onset), 
treatment should be performed in accordance with acute-
phase strategy.1280–1286

On the other hand, in the patient of high-risk uncompli-
cated who has no serious complication but whose false 
lumen is expected to enlarge, preemptive thoracic entry 
closure: preemptive TEVAR within 1 year after onset is 
recommended.385,396–400,1287–1292 (See “3.1.3.a Definition” in 
this chapter and Table 39 for PQ 11). Concerning the 
timing of preemptive TEVAR, there is an opinion that it 
should be performed in the acute phase (≤14 days after 
onset),1293,1294 but there is little evidence. To avoid retrograde 

Type A dissection, which relatively frequently develops after 
acute-phase TEVAR,417 subacute- to early-chronic-phase 
(≤1 year) TEVAR, with a lower risk of retrograde Type A 
dissection, may be adequate.390,1287,1295–1299 In the future, a 
randomized controlled trial (RCT) should be conducted 
under patient selection based on the prediction of 
enlargement.

PQ 11.
When Should We Perform EVAR for Stanford Type B 
Dissection?

Recommendation
TEVAR should be performed in acute-/subacute compli-
cated cases.
Preemptive TEVAR in the subacute/early chronic phases 
should be performed in high-risk uncomplicated cases.

In this guideline, the indications for Type B dissection are 

Table 39. Predictive Factors for Chronic-Phase Enlargement in the Acute/Subacute Phases of Stanford Type 
B Aortic Dissection

Positive predictive factors Negative predictive factors

Age: <60 years Heart rate: ≤60/min

Heart rate: ≥60/min Use of Ca antagonists

Marfan syndrome and genetic aortic disease Aortic diameter: <40 mm

FDP: ≥20 μg/mL Round true lumen/oval false lumen

Aortic diameter: ≥40 mm Complete thrombosis/occlusion of a false lumen

Oval true lumen/round false lumen A large number of entries/re-entries

False-lumen patency

A false lumen or entry on the lesser curvature side

Partial thrombosis/occlusion of a false lumen

A single entry

False lumen diameter: ≥22 mm

large entry: ≥10 mm

FDP, fibrin degradation product.

Onset Two weeks Three months One year

Phase

Indication

TEVAR

Class of 
recommendation

Acute
phase

Subacute
phase

Chronic
phase

Complicated Predictive
enlargement Aneurysm

formation

Emergent/urgent
TEVAR Preemptive TEVAR TEVAR for dissecting 

aneurysm

I (Level C) IIa (Level B) IIb (Level C)

Figure 62.  Stage of Stanford Type B aortic dissection and indication of TEVAR.



Circulation Journal Vol.87, October 2023

1507JCS/JSCVS/JATS/JSVS 2020 Guideline on Diagnosis and Treatment of Aortic Aneurysm and Aortic Dissection

listed separately for acute-/subacute- and chronic-phase, 
which may cause confusion. Therefore, supplementary 
information regarding the stage and indications is provided 
here.

The indication of TEVAR for Type B dissection can be 
classified into three (Figure 62):
(1)  Emergent/urgent TEVAR for acute-/subacute-

complicated cases
(2)  Preemptive TEVAR in the subacute to early chronic 

phases (≤1 year after onset) for high-risk uncomplicated 
cases

(3)  TEVAR in chronic-phase for dissecting aneurysm cases
The first one represents TEVAR for complications 

(rupture, malperfusion) in the acute/subacute phases. 
(Refer to Table 40 in “3.1.2 Complicated Dissection” in this 
chapter). The second one represents preemptive TEVAR 
for preventing future aortic events. The third one represents 
TEVAR for preventing rupture in chronic Type B dissection 

patients with false-lumen enlargement/aneurysm formation. 
When reviewing the indication of preemptive TEVAR, 
comparison with surveillance by medical treatment is 
necessary. When reviewing the indication of TEVAR in 
patients with dissecting aneurysm, comparison with surgery 
is necessary. Concerning the former, there is only evidence 
based on an RCT.1287 However, concerning the latter, there 
is no evidence.

Preemptive TEVAR (TEVAR for preventing false-
lumen enlargement) is indicated for chronic Type B 
dissection patients within 1 year from the onset, based on 
the results of the INSTEAD trial.1287 This study involved 
patients with thoracic false-lumen patency/subacute to 
early chronic Type B dissection, within 1 year from the 
onset. A 2-year follow-up survey1300 showed that the results 
(prognosis) of medical treatment were better, but the 
results of TEVAR were more advantageous through 5-year 
follow-up.1287 Therefore, it cannot be recommended that 

Table 40. COR and LOE for the Treatment of Complicated Acute/Subacute Stanford Type B Aortic Dissection

COR LOE

 As initial treatment in acute-phase, strict heart rate/blood pressure control is recommended; heart 
rate <60/min, 100 mmHg≤sBP≤120 mmHg1264,1266–1270 I C

 Acute-phase patients should be transported to an institution where emergent invasive treatment 
(endovascular or open surgery) is possible68 I C

 TEVAR is recommended for acute/subacute phases 
patients384,386,390,399,1271,1272,1274,1275,1280,1288,1308–1311 I C

 In acute-/subacute-phase patients with malperfusion, endovascular treatment (intravascular 
fenestration/endovascular stenting) should be considered140,477–481,1276–1279 IIa C

 In patients with malperfusion in whom endovascular treatment is difficult, open surgery (surgical 
fenestration/bypass) should be considered1133,1278,1312–1315 IIa C

 In patients with acute-phase rupture, for whom TEVAR is not indicated, prosthetic graft 
replacement should be considered386,1272,1308–1310 IIa C

 In patients for whom endovascular treatment is not indicated, total arch replacement with a frozen 
elephant trunk may be considered1316 IIb C

In acute-phase patients, open surgery may be considered1273,1312 IIb C

COR, class of recommendation; LOE, level of evidence; TEVAR, thoracic endovascular aortic repair.

Table 41. COR and LOE for the Treatment of Uncomplicated Acute/Subacute Stanford Type B Aortic 
Dissection

COR LOE

Medical treatment is recommended for acute-phase patients1263–1270 I C

 When the abdominal pain appears or repeats, or visceral branch malperfusion is suggested, 
repeated contrast-enhanced CT (early and delayed phases) or transabdominal ultrasound should 
be considered390,1271,1363

IIa C

β-blockers should be considered as a first-choice drug1264,1266,1267,1269,1270,1364–1367 IIa C

 Follow-up by CT, contrast enhanced if possible, should be considered within 1 week after initial 
diagnosis68,1269 IIa C

 Transportation to an institution where emergent invasive treatment is possible in the acute phase 
should be considered68 IIa C

 Preemptive TEVAR should be considered in the subacute to early chronic phase for patients 
whose false lumen is expected to enlarge in the future: high-risk uncomplicated case385,1287,1289 IIa B

Preemptive TEVAR may be considered in the acute phase1293,1294 IIb B

Open surgery is not recommended in the acute phase III C

COR, class of recommendation; CT, computed tomography; LOE, level of evidence; TEVAR, thoracic endovascular 
aortic repair.
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TEVAR should be indicated for all patients with false-
lumen-patent Type B dissection. Currently, it is 
recommended that TEVAR should be indicated for patients 
in whom it is expected that medical treatment alone will 
lead to false-lumen enlargement/aneurysm formation after 
a few years (Table 39)385,399,400,1279,1287–1291 (See Table 41 
“3.1.3 Uncomplicated Dissection” in this chapter).

On the other hand, there is little evidence regarding the 
indication of TEVAR for chronic Type B dissection 
patients with false-lumen enlargement/aneurysm formation, 
and this treatment cannot be recommended as an equivalent 
procedure to open surgery. Several studies reported that, 
even when only an entry was closed, there was no reduction 
in the enlarged false lumen, and that further enlargement 
did not reduce the risk of rupture.1279,1301,1302 These results 
are not equivalent to those of open surgery.402–405,1279 If all 
entries/re-entries remaining in the thoracoabdominal and 
abdominal/iliac artery regions can be closed to achieve 
complete exclusion, similar effects with open surgery may 
be obtained through a reduction in the false lumen.1303 If 
false-lumen intervention, such as the candy plug method,1304 
knickerbocker method,1305 and false-lumen embolization 
with a coil or embolic agent,1306 results in complete exclusion 
of an enlarged false lumen, therapeutic effects may be 
obtained.1307 In any case, TEVAR cannot be strongly 
recommended unless its results are equally compared with 
those of open surgery. Currently, TEVAR is recommended 
only for high-risk patients for open surgery in patients with 
false-lumen enlargement/aneurysm formation.

  ▋ 3.1.2 Complicated Dissection (Table 40)
a. Definition
“Complicated acute Type B dissection”* is defined as “a 
life-threatening condition that occurs with the onset of 
dissection”:1271,1308,1309

(1)  Rupture/impending rupture
(2)  Malperfusion (branch malperfusion): Malperfusion of 

the main visceral branches, lower limbs, and spinal cord
(3)  Persistent or recurrent pain
(4)  Uncontrollable hypertension
(5)  A large aortic diameter, concomitant dissection at a site 

with a true aneurysm, or rapid enlarging/deteriorating 

aortic dissection
* The above (1) to (5) criteria for complicated dissection 
are adopted from the IRAD. However, in the “Reporting 
standard for Type B aortic dissection” recently 
reported from the Society for Vascular Surgery (SVS)/
Society of Thoracic Surgeons (STS), the above (1) and 
(2) criteria were classified as complicated dissection, 
and the (3) to (5) criteria as uncomplicated dissection. 
In addition, the latter was classified as “high-risk aortic 
dissection”, that is, a condition that may lead to 
complicated dissection (rupture or aneurysm formation) 
in the subacute to chronic phases.1317 The (1) and (2) 
complications are fatal, whereas the risk of death 
related to the (3) to (5) complications is low; therefore, 
the SVS/STS Reporting standard classification may be 
more useful for equally comparing the results. However, 
in most references quoted in this section, complicated 
dissection was evaluated in accordance with the IRAD 
classification; the (1) to (5) criteria were regarded as 
“complicated” in this guideline.

Complicated aortic dissection refers to the above 5 
items, but all of these can be summarized into (1) and (2). 
Persistent/recurrent pain (3) means the deterioration of 
dissection (5) or a strong stretch of the dissected aortic 
wall, and can also be interpreted as impending rupture (1). 
Furthermore, a large aortic diameter (5) or rapidly enlarging 
aortic dissection refers to the concomitant development of 
dissection in the presence of a true aneurysm or rapid 
enlargement related to false-lumen stretching, leading to 
impending rupture (1). Uncontrollable hypertension (4) 
may mean a malperfusion (2) related increase in upper 
half body vascular resistance or renovascular/abnormal 
hypertension related to renal artery stenosis. Complicated 
acute Type B dissection accounts for approximately 25% 
(20 to 50%) of all patients with Type B dissection. In the 
presence of the (1) and (2) items, emergency invasive 
treatment is necessary. In the presence of the (3) to (5) 
items, urgent invasive treatment should be consid-
ered.390,399,1271,1308–1310

Concerning the mechanism of rupture/impending 
rupture, the blood flow that has entered the false lumen 
has no place to escape, and rupture occurs when it breaks 
on the adventitia. For this reason, there is no re-entry in 
many patients with rupture/impending rupture. Therefore, 
if arrest of blood flow into a false lumen, that is, entry 
closure, is considered as basic treatment, the condition 
may be resolved in majority of cases.

The mechanism of malperfusion is classified into 3 
(Figure 63): a: dynamic obstruction, b: static obstruction, 
and c: mixed type obstruction. In type a, there is no place 
to escape for blood flowing from an entry into a false 
lumen, and blood retaining in the false lumen may compress 
the true lumen, inducing malperfusion. In type b, the 
dissected intima may migrate into a branch, hindering 
branch blood flow. Type c refers to a combination of types 
a and b. In type a patient, entry closure by TEVAR should 
be performed. In type b/c patients, direct treatment of an 
occluded vessel (bare stent insertion, aortic fenestration, or 
branch bypass) should be conducted in addition to entry 
closure.1274,1318–1322

Thus, we can understand the reason why primary entry 
closure by TEVAR is recommended as a first option, 
considering the pathogenesis of complicated acute Type B 
dissection.386,1272 However, in the case of rupture, it is 
necessary to stop all channels into a false lumen. In 

A B C

Figure 63.  Classification based on the mechanism of 
malperfusion in aortic dissection. (A) Dynamic obstruction: 
Malperfusion with narrowing of the true lumen of the aorta. (B) 
Static obstruction: Malperfusion with the migration of the 
dissected intima into a branch orifice. (C) Mixed-type 
obstruction: Malperfusion with a combination of A + B.
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particular, to treat complicated Type B dissection with a 
true aneurysm, graft replacement by open surgery should 
be selected if complete exclusion is not achieved on TEVAR. 
When a catheter cannot be guided into an occluded blood 
vessel in type b or c obstruction, bypass or branch artery 
fenestration is recommended.

b. Diagnosis
i. Symptoms, Physical Findings
As symptoms and physical findings, shock vital, abnormal 
hypertension, anxiety/restlessness, chest and back pain/low 
back pain, abdominal pain, lower limb pain, lower limb 
paralysis, acrotism of the upper and lower limbs, a disso-
ciation of limb blood pressure, and a decrease in the urine 
volume are observed. Persistent or recurrent pain is 
important for the diagnosis of complicated dissection.
ii. Blood Biochemistry
Malperfusion results in the rapid deterioration of the renal 
function and increases in the lactic acid or creatine phospho-
kinase (CPK) levels. However, before these parameters 
elevate, malperfusion-related organ/tissue damage occurs; 
the timing of treatment may be too late. Rapidly progressing 
anemia is helpful for the diagnosis of rupture/impending 
rupture.
iii. Diagnostic Imaging
In most cases, contrast-enhanced CT is manda-
tory.385,399,1281,1301,1323–1327 A diagnosis of rupture can be 
made based on the presence of aortic dissection and a 
periaortic hematoma. A diagnosis of impending rupture is 
made based on the presence of aortic dissection and 
peripheral bloody pleural effusion leakage, but it is difficult 
to diagnose pleural effusion based on CT pixel values 
alone. It is diagnosed in reference to symptoms (persistent 
thoracic pain) or pleurocentesis (pleural effusion Ht value: 
≥50% of the blood Ht value). In patients with an aortic 
diameter of >50 mm or those with a rapid ≥5 mm increase 
in the aortic diameter within 2 weeks after onset, the condi-
tion should also be regarded as impending rupture. For 
the diagnosis of main abdominal branch or lower limb 
malperfusion, transabdominal vascular ultrasound and 
ankle brachial pressure index testing are also useful. 
However, even when a diagnosis of malperfusion-related 
organ/tissue damage is made, contrast-enhanced CT is 
mandatory to determine therapeutic strategies (such as 
entry closure by TEVAR); the above two procedures are 
auxiliary diagnostic methods. Transesophageal ultrasonog-
raphy facilitates the diagnosis of Type B dissection and 
assessment of an entry/the degree of true-lumen stenosis. 
This diagnostic imaging method is useful when contrast-
enhanced CT is impossible. When there is a sufficient time 
in patients with renal hypofunction, magnetic resonance 
imaging (MRI)/magnetic resonance angiography (MRA) 
are useful for diagnosis.1328,1329 There is a limitation that 
their resolution is lower than that of CT, but the two 
procedures are useful for determining therapeutic strategies 
involving entry diagnosis.

c. Endovascular Treatment
i. Indication
As serious complications related to acute Type B dissection, 
rupture, malperfusion-related organ ischemia, refractory 
pain, uncontrollable hypertension, and rapid enlargement 
are observed. Both the urgency and severity in these 
complicated acute Type B dissection is high, and invasive 
treatment is needed in accordance with the condition. 

Prosthetic graft replacement for rupture or aortic enlarge-
ment, dissected flap fenestration or visceral/lower limb 
artery bypass for malperfusion have been performed, but 
the results of treatment were poor.1330,1331 However, to 
date, the efficacy of TEVAR for complicated acute Type B 
dissection which facilitates entry closure without 
thoracotomy/laparotomy or cardiopulmonary bypass has 
been established (Class I, Evidence level: C).96,1332–1335

Impending rupture is often associated with refractory 
pain and is a good indication for TEVAR. Furthermore, 
patients with sealed or contained rupture, which shows a 
relatively stable state among various types of rupture are 
also good indication for TEVAR. Although organ ischemia 
is not well defined and the indications for endovascular 
treatment are often difficult to determine, aggressive 
endovascular treatment is recommended for impaired 
blood flow in the celiac and superior mesenteric arteries, 
which are often life-threatening. On the other hand, in the 
care of unilateral renal or iliac arteries, where there is no 
symptomatic or abnormal blood test results, although there 
is impaired blood flow on imaging, there is no certainty 
about the indication for endovascular treatment.

According to an annual survey conducted by the 
Japanese Association for Thoracic Surgery in 2016, 
TEVAR, including hybrid treatment, was performed in 
469 (85.3%) of 550 patients who underwent treatment for 
acute Type B dissection.43

ii. Methods
As of 2019, three types of stent graft (SG) have been 
approved in Japan as therapeutic device for complicated 
acute Type B dissection. Furthermore, a type of bare stent 
is available as an auxiliary device, and it is possible to 
conduct the PETTICOAT method.1336,1337 The TEVAR 
procedure for aortic dissection is not so different from that 
for aortic aneurysms.
(1)  Access: For TEVAR for aortic dissection, SG deploy-

ment into the true lumen is necessary. When inserting 
a guidewire or device, it is important to sufficiently 
confirm the site of guidewire or device passage using 
aortography or intravascular ultrasound imaging

(2)  Landing zone: Adequate landing zones are necessary 
for an SG to be adhered/fixed to the aortic wall in the 
proximal and distal of an entry to be closed, and 
inadequate adhesion/fixation will result in incomplete 
entry closure (type I endoleak). For proximal landing, 
a non-dissected area should be selected wherever 
possible. This is to avoid stent graft-induced new entry 
(SINE) on the proximal side, which can easily cause 
retrograde Type A dissection. In most patients with 
acute Type B dissection, the distal landing zone 
comprises a dissected area, and a non-flexed straight 
portion is selected wherever possible

(3)  SG diameter: The diameter of SG for aortic dissection 
should be selected smaller (5 to 9% oversizing) than 
that for true aortic aneurysm, since TEVAR for aortic 
dissection is more prone to SINE.416,1338 The aortic 
diameter in a non-dissected area is measured as usual, 
but measurement methods in a dissected area (particu-
larly on the distal side) are controversial. There are 
three methods: a method in which the circumferential 
diameter of the intima is measured, and established as 
the diameter of the true lumen, regarding it as a perfect 
circle (Figure 64A), a method in which the long diameter 
of the true lumen is regarded as a true lumen diameter 
(Figure 64B), and a method in which the post-dissection 



Circulation Journal Vol.87, October 2023

1510 OGINO H et al.

aortic diameter (only in the acute phase) is regarded as 
a reference (Figure 64C)

(4)  PETTICOAT method: In cases of malperfusion, SG is 
often limited to the minimum length to close the entry 
to avoid SCI, but PETTICOAT method may be used 
to expand the true lumen without covering the inter-
costal/lumbar arteries or abdominal branches by a 
large diameter bare stent. Its efficacy was reported1336,1337

(5)  Re-entry: In many patients with aortic dissection, 
several tears are present in addition to a major entry. 
Even when closing the major entry by TEVAR, blood 
flow from other tears to a false lumen remains in some 
cases. False-lumen blood flow may also remain through 
regurgitation from branches. Residual false-lumen 
blood flow may make rupture-related hemorrhage 
control impossible, and may fail improvement of organ 
ischemia if false lumen enlargement is not obtained

(6)  Additional treatment for malperfusion: Etiological 
factors for true lumen blood flow disturbance include 
the true lumen of a branch dissected from the aorta 
and false-lumen-related compression. In patients with 
stenosis related to compression of the true lumen by a 
patent false lumen (dynamic obstruction), entry closure 
with an SG may lead to the disappearance of false-
lumen blood flow, resulting in true-lumen enlargement. 
On the other hand, in the case of thrombosed false 
lumen-related compression or intimal flap packing in 
aortic branches (static obstruction), compression is 
not relieved even when closing an entry, requiring 
additional treatment such as stenting or bypass grafting 
for those branches140

iii. Results
The mortality after TEVAR for complicated acute Type B 
dissection is not low, but there is a marked decrease in 
comparison with conventional open surgery. In Europe and 
the United States, the 30-day mortality rate is reportedly 
2.8 to 13.3%.1308,1311,1334,1339–1345 According to an annual 
report by the Japanese Association for Thoracic Surgery 
in 2016, the 30-day mortality rate after TEVAR in 418 
patients with acute Type B dissection, excluding those who 

underwent hybrid treatment, was 6.5%.43

On the other hand, the incidence of complications 
related to TEVAR for complicated acute Type B dissection 
is reportedly about 3 times higher than that for chronic 
Type B dissection.1333 The incidence of cerebral infarction 
is reportedly 2.8 to 7%, and that of SCI is 3.4 to 
13.3%.1308,1311,1339,1340,1342,1343 However, cardiac complications, 
respiratory failure, renal failure, gastrointestinal compli-
cations, such as intestinal ischemia, hemothorax after 
rupture, and lower limb ischemia, may also occur. Overall, 
the incidence of complications is reportedly 20 to 30%.1308,1343

Furthermore, dissection in TEVAR for acute aortic 
dissection, there is a risk of new tears in the dissection flap 
due to the SG deployment technique and compression of 
the SG itself.1346–1348 Retrograde Type A dissection, as the 
most serious complication, does not occur only in TEVAR 
cases for acute aortic dissection. Although it occurs infre-
quently, once it does occur, the mortality rate is high and 
efforts should be made to avoid it.1311 Retrograde Type A 
dissection more frequently develops in patients with aortic 
dissection than in those with true aortic aneurysms, and in 
patients with acute dissection than in those with chronic 
aortic dissection.417 In addition, Distal SINE occurs distal 
to the end of the SG, but it also does not occur only in 
TEVAR cases for acute aortic dissection. However, the 
incidence of distal SINE after TEVAR for chronic dissec-
tion is higher than after TEVAR for acute dissection.1349 
This may be related to differences in the inflexibility of a 
dissected flap.
iv. Long-Term Outcome
The 1 to 2-year survival rates ≥80% and 5-year survival 
rates ≥70% after TEVAR for complicated acute Type B 
dissection are reported.1341–1346 A previous study indicated 
that the freedom from major complication at 2 years was 
48%,1346 but recently, many studies reported that the free-
dom from reintervention at 5 years was approximately 60%.

One of the reasons why the additional treatment rate is 
relatively high is inability to obtain aortic remodeling in 
which a false lumen is thrombosed/reduced with true-lumen 
enlargement. After TEVAR for acute to subacute Type B 
dissection, remodeling in an SG-inserted area is almost 
accurately achieved regardless of complicated or uncom-
plicated dissection, whereas abdominal remodeling is poor, 
requiring additional treatment in some cases.1284,1343,1344,1350,1351

PETTICOAT method is particularly effective in case of 
malperfusion because it can obtain true lumen enlargement 
without covering the main abdominal branch or intercostal 
lumbar artery origins. Some studies indicated that it 
contributed to early thoracic to abdominal aortic 
remodeling,1284,1350 but its long-term effectiveness has not 
been confirmed.1284,1318,1337,1352,1353

d. Open Surgery
First-choice invasive treatment for complicated acute Type 
B dissection has changed to endovascular treatment 
including TEVAR. The opportunity of performing open 
surgery has decreased. However, endovascular treatment 
is not effective in all patients; its application is difficult in 
some cases, or endovascular treatment alone is ineffective 
in other cases, depending on the degree of dissection 
involving the aortic arch, mode of rupture, or mechanisms 
of malperfusion. Among various types of complicated 
acute Type B dissection, conditions for which open surgery 
may be indicated, and reasons and techniques that may be 
selected are described with respect to complications.

A B C

Figure 64.  Aortic true lumen diameter-measuring methods for 
TEVAR. (A) A method in which the circumferential diameter of 
the intima is measured, regarded as a perfect circle, and 
adopted as a true lumen diameter. (B) A method in which the 
long diameter of the true lumen is regarded as a true lumen 
diameter. (C) A method in which the aortic short axis diameter 
(only in the acute phase) is regarded as a reference.
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i. Malperfusion
Williams et al. defined malperfusion that may be resolved 
through false-lumen decompression as dynamic obstruction 
and malperfusion that may not be resolved as static 
obstruction. They indicated that direct revascularization 
was necessary for the latter.1176 This was reported as 
guidelines for endovascular treatment including TEVAR, 
but the principle can also be applied for open surgery. 
Briefly, false-lumen decompression can be achieved through 
entry closure or aortic fenestration, and direct revascular-
ization through bypass or prosthetic graft replacement.1133

Dynamic obstruction: In the TEVAR era, open surgery 
for dynamic obstruction has been indicated only for 
patients in whom TEVAR is anatomically inappropriate. 
Accordingly, FET surgery under median sternotomy has 
been increasingly selected when performing surgical central 
aortic reconstruction for closing an entry,1316 and the 
frequency of aortic repair through a left thoracotomy has 
decreased. On the other hand, fenestration of the abdominal 
aorta (combined with infrarenal prosthetic graft replace-
ment in many cases) can be performed under simple aortic 
cross-clamping, being minimally invasive. As its effects are 
more consistent than those of endovascular fenestration, 
this procedure is a useful option.1315 However, in this 
technique, double-barrel (classical) aortic dissection is 
deliberately formed, and this technique is disadvantageous 
from the viewpoint of long-term false-lumen enlargement. 
Fenestration is possible under infrarenal aortic cross-
clamping, but the distance from an abdominal branch to 
the site of fenestration becomes longer, making relief of 
malperfusion insufficient in some cases. Therefore, the 
dissected intima near the branch orifice is resected (incised) 
under suprarenal or celiac cross-clamping in some cases. 
Even in such cases, the clamp placed on the suprarenal or 
celiac aorta should be moved to the infrarenal aorta after 
intima resection to minimize the duration of ischemia. 
There is also a method in which the dissected intima is 
resected through thoracoabdominal incision, but this 
method is highly invasive, and false-lumen enlargement/
rupture may occur in the long-term.1278

Axillo-femoral bypass for aortic-type dynamic obstruc-
tion1354 has been performed in Japan. It is effective for 
ischemia of the lower limbs alone, but its results are 
unstable due to an insufficient volume of blood flow when 
abdominal organ ischemia is present; this procedure cannot 
be recommended.

Static obstruction: Percutaneous stenting is a treatment 
of choice. However, open surgery, such as bypass and 
thrombectomy, may be indicated when the length of branch 
occlusion is long or when true-lumen thrombus-related 
occlusion is present. To treat unilateral iliac artery occlusion, 
femoro-femoral artery bypass is frequently performed.1313,1314 
When endovascular treatment of the superior mesenteric 
artery is difficult, iliac-superior mesenteric artery bypass is 
indicated. For celiac/superior mesenteric/renal artery 
bypass, it is necessary to secure arterial inflow site. When 
narrowing of the true lumen is observed in the upstream of 
the inflow artery, infrarenal abdominal aortic replacement 
for fenestration is simultaneously performed in many 
cases. When intestinal ischemia is suspected, a laparotomy 
approach, through which reversibility of intestinal ischemia 
can be confirmed, is selected in many cases. As bypass 
conduits, autologous veins or expanded polytetrafluoro-
ethylene (ePTFE) synthetic grafts are often used, but 
venous conduits are selected in many cases, based on the 

risk of infection. For superior mesenteric artery bypass, a 
retrograde technique (inflow: infrarenal abdominal aorta 
or iliac artery), which provides flexibility of graft design, is 
primarily used due to the presence of aortic dissection at 
the bypass inflow site and location of distal anastomosis 
peripheral to the site of occlusion. If the site of distal 
anastomosis is too far from the site of occlusion, blood 
flow may be insufficient.
ii. Rupture/Impending Rupture
Many studies regarding the results of treatment for 
complicated acute Type B dissection involved patients 
with malperfusion and those with (impending) rupture, 
and there are few studies involving those with rupture 
alone. Even in such a current status, emergency TEVAR is 
recommended because the results of open surgery are poor.

According to the IRAD findings, the mortality rate after 
open surgery is 50%,1312 whereas the 30-day mortality rate 
after TEVAR for rupture is 17%1313 according to a survey 
conducted by the Outcome Committee of the SVS. In 
addition, it is 16% according to reports from two institutions 
in France.1273 However, after TEVAR, postoperative 
re-rupture occurred in some patients. Hemostasis may be 
difficult in patients with active hemorrhage. The above 
SVS survey also showed that the 1-year mortality rate was 
42%, and that the interval from TEVAR until death was 
≤3 months in most patients.1313 Several studies in Japan 
also presented early results after TEVAR: the in-hospital 
mortality rate varied from 0 to 55%.1355,1356 Even in a study 
reporting no in-hospital mortality, the 1-year survival rate 
was 71%, being similar to that after surgery (86%).1356 
Briefly, concerning rupture, excluding impending rupture, 
the superiority of TEVAR to open surgery has not been 
sufficiently established, and open surgery is still an 
important option.

The most important advantage of surgery in comparison 
with TEVAR is that the site of adventitial rupture can be 
directly repaired. Therefore, in many cases, direct surgery 
under left thoracotomy is selected. A study regarding FET 
surgery for acute complicated Type B dissection did not 
also primarily involve patients with rupture.1316,1357

Adjuncts for surgery under left thoracotomy include 
deep hypothermic circulatory arrest and distal aortic 
perfusion. The former is more likely to be selected when 
proximal extension of dissection makes proximal aortic 
cross-clamping distal to Zone 2 difficult/impossible/highly 
risky. In particular, in the presence of acute dissection, 
cross-clamping the dissected aorta should be avoided. For 
open surgery in patients with active hemorrhage, cooling 
can be continued under manual compression of the site of 
bleeding if it can be promptly confirmed after thoracotomy 
through the establishment of cardiopulmonary bypass 
before thoracotomy. However, active hemorrhage into the 
right thoracic cavity or posterior mediastinum may occur; 
caution is needed. According to the IRAD findings, deep 
hypothermic circulatory arrest is performed in 60% of 
patients undergoing open surgery for acute Type B dissec-
tion.1312 On the other hand, distal aortic perfusion is 
selected when surgery under aortic cross-clamping is 
possible, but it is necessary to promptly cross-clamp the 
proximal aorta after thoracotomy in patients with active 
hemorrhage. For this reason, partial cardiopulmonary 
bypass through femoral cannulation, which is possible 
before thoracotomy or in parallel with thoracotomy 
operations, is advantageous. This method is also advanta-
geous in that it facilitates the management of massive 
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hemorrhage or switching to circulatory arrest. As parietal 
pleural incision at the site of hematoma may induce active 
hemorrhage even in patients with contained rupture, 
dissection and exposure of the aorta should be initiated in 
the peri-hematoma area to initially secure the site of 
proximal aortic cross-clamping.
iii. Results of Surgery
According to the findings on 1,529 patients from the JACC 
Interdisciplinary Expert Consensus in 2013, the early 
mortality rate, incidence of cerebral infarction, and that of 
spinal cord infarction were 17.5 (95% confidence interval 
(CI): 15.6 to 19.6%), 5.9 (95% CI: 4.8 to 7.3%), and 3.3% 
(95% CI: 2.4 to 4.5%), respectively. In addition, the 5-year 
survival and 5-year aortic event-free rates were 44 to 64.8% 
and 58.7 to 68%, respectively.1358

e. Medical Treatment
i. Initial Treatment
When examining patients with symptoms suggestive of 
acute aortic dissection, physical findings and vital signs 
should be promptly evaluated, and diagnostic imaging 
must be promptly performed. All of upper and lower limb 
blood pressures should always be measured for the detection 
of dissection and malperfusion. In many patients with 
acute Type B dissection, the blood pressure at the time of 
onset tends to be higher than in those with Type A dissec-
tion.68,1359–1361 When pain is severe, with a high blood 
pressure, the echocardiography and enhanced CT should 
be promptly conducted for diagnosis with intravenous 
antihypertensive and analgesic agents. Antihypertensive 
agents must be selected, based on the development of reflex 
tachycardia. Beta-blockers and non-dihydropyridine Ca 
antagonists (verapamil, diltiazem) are appropriate.

In the case of complicated acute Type B dissection, 
emergency TEVAR or prosthetic graft replacement is 
necessary. Treatment in a special institution where the 
both procedures are possible is recommended. Furthermore, 
even in the case of uncomplicated acute Type B dissection, 
the condition may change into the complicated type during 
the course of medical treatment. Management should be 
performed in a similar institution.
ii. Initial Treatment After Diagnosis
After complicated acute Type B dissection is diagnosed, 
invasive treatment (TEVAR should be prioritized rather 
than prosthetic graft replacement) should be promptly 
prepared. When invasive treatment is difficult, or when the 
patient refuses it, medical (conservative) treatment involving 
antihypertensive therapy should be continued. In any case, 
after a definitive diagnosis is made, arterial and peripheral 
venous lines should be kept while waiting for invasive 
treatment. Subsequently, a central venous line should be 
kept to prepare acute deterioration of patient’s condition. 
Sheaths introducer may be inserted into the femoral artery/
vein in preparation for percutaneous cardiopulmonary 
support (PCPS).

According to the results of medical treatment in patients 
with complicated dissection, excluding serious-status 
patients, the acute-phase mortality rate is reported 23.2 to 
35.6%.1271,1362

  ▋ 3.1.3 Uncomplicated Dissection (Table 41)
a. Definition
Patients who are not “complicated acute Type B aortic 
dissection” as described above should be diagnosed as 
“uncomplicated”. In patients with uncomplicated dissec-

tion, medical treatment involving heart rate/blood pressure 
control is performed in the acute phase.1263–1270 Recently, 
RCTs demonstrated that intervention by TEVAR for 
uncomplicated Type B dissection improved the chronic-
phase prognosis (life/aortic false-lumen prognoses).1287,1289 
The selection of patients and timing of intervention are 
controversial.385,396–400,1267,1287–1292,1295,1368–1370

Patients to be selected are those with enlargement of the 
false-lumen and are at risk of rupture during the chronic 
phase with conventional medical therapy. The condition is 
also termed “high-risk uncomplicated dissection”.1317 
Chronic-phase false-lumen enlargement may be predicted 
in the acute/subacute phases after the onset of Type B 
dissection based on the parameters presented in 
Table 39.385,396–400,1287–1292 Furthermore, chronic-phase 
enlargement in patients with uncomplicated Type B dissec-
tion can be predicted using a calculator developed by 
Stanford University.401

With respect to the timing of intervention by TEVAR, 
refer to “Timing of preemptive TEVAR” in the next section 
and PQ 11.

b. Endovascular Treatment
i. Indications of Preemptive TEVAR
An RCT, INSTEAD trial, compared TEVAR for uncom-
plicated Type B dissection with drug therapy, and concluded 
that intervention by TEVAR deteriorated the life prognosis 
1 and 2 years after assignment.1287,1300,1371 Therefore, it is 
not considered that TEVAR should be indicated for all 
patients with uncomplicated Type B dissection.392,393,1267,1281,1372 
In other words, patient selection may be necessary for 
TEVAR for uncomplicated Type B dissection. TEVAR 
should be indicated when false-lumen enlargement in the 
chronic phase is expected (high-risk uncomplicated dissec-
tion).385,396–400,1287–1292 Chronic-phase enlargement in patients 
with uncomplicated Type B dissection can be predicted 
based on acute-/subacute-phase parameters. To date, various 
predictive factors have been reported.385,396–400,1287–1292 And, 
false lumen enlargement and aorta-related events in the 
chronic phase are reported to occur in up to 40% of 
uncomplicated Type B dissection cases.1373

ii. Timing of Preemptive TEVAR
Although the enrolment period of patients with uncompli-
cated acute Type B dissection in INSTEAD trial, as the 
base of recommendation was from 2 to 52 weeks after 
the onset (subacute to early chronic phases),1287,1300 
TEVAR was performed within 6 months in most patients. 
Many investigators emphasize that the most appropriate 
timing of preemptive TEVAR is ≤6 months after 
onset.1287,1295,1368–1370,1374,1375 This timing is also consistent 
with the period when favorable thoracoabdominal 
remodeling of a false lumen after TEVAR is achieved, 
supporting the recommendation. On the other hand, an 
RCT of preemptive TEVAR in the acute phase did not 
verify its superiority to medical treatment for the prognosis 
one year after TEVAR, being contrary to the above 
opinion.1293,1294 In particular, a high incidence of retrograde 
Type A dissection after TEVAR for acute Type B dissection 
makes physicians hesitate to perform preemptive TEVAR 
in the acute phase.417 In contrast, comparison between 
TEVAR and medical treatment for uncomplicated acute 
Type B dissection indicated the superiority of the former 
for aortic remodeling after ≥1 year, suggesting the impor-
tance of preemptive TEVAR in the early timing after the 
onset.1294,1376,1377 This is controversial.
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iii. Methods of Preemptive TEVAR
Initially, thoracic entry closure with a stent graft (SG) 
should be planned based on the information obtained on 
contrast-enhanced CT. The entry site should be accurately 
identified, and a ≥20 mm proximal area from the origin of 
the entry should be established as the proximal end of 
landing. Furthermore, this proximal landing area should 
be a non-dissected area with an aortic diameter of ≤37 mm, 
and the SG diameter should be ≤109% of a landing aortic 
diameter.416,417 In addition, for insertion to Zones 2 and 3, 
the design of insertion must be carefully selected to prevent 
bird’s beak on the lesser curvature side. These cautions 
regarding proximal landing contribute to success/failure in 
entry closure and the prevention of retrograde Type A 
dissection as a fatal complication. The position of distal 
landing should be established in a straight area of the 
descending aorta ≥20 mm distal to the end of an entry. The 
SG diameter on the distal side should be established as 110 
to 120% of the true lumen diameter calculated from the 
circumferential diameter of a true lumen measured on CT. 
As a result, there may be an approximately 8- to 10-mm 
difference between the proximal and distal SG diameters, 
but this should be managed by attaching a taper graft or 
connecting two SGs. Attention must be paid so that there 
may be no spring back force over the entire length.

For preemptive TEVAR, it is not necessary to consider 
main abdominal branch malperfusion related to entry 
closure. Briefly, in the case of false-lumen perfusion, an 
entry or re-entry always remains in the same area. For 
access of the device, a side to which the true lumen may be 
led should be selected, and the true lumen must be 
confirmed using intravascular ultrasound. Super- or 
extra-stiff guidewires should be used, as described for 
standard TEVAR. Pull-through wires frequently induce 
vascular complications; therefore, they should not be used 
if there is no excessive flexion.407,1378 On SG deployment, 
rapid pacing should be performed, and an SG should be 
inserted after reducing the cardiac output.409 Touch-up 
ballooning after device insertion should not be conducted.
iv. Follow-up After TEVAR
After TEVAR, whether a target entry is closed, the position 
of the residual entry, extent of flow from a re-entry, and 
state of main abdominal branch or lower limb artery 
perfusion should be evaluated by contrast-enhanced CT 
and transabdominal vascular ultrasound. The aortic, 
true-lumen, and false-lumen diameters at specific points 
(maximum diameter area, SG terminal, diaphragm level, 
infrarenal abdominal aorta) should be serially checked 
(after 1, 6, and 12 months, subsequently: every year). In 
many cases, the proximal end of the re-entry flow tends to 
enlarge in the chronic phase; therefore, attention must be 
particularly paid to the aortic diameter of this area.
v. Results of Treatment and Complications
With respect to the early results of acute-/subacute- to 
early chronic-phase preemptive TEVAR, the timing of 
treatment varies, and there are no relevant data. However, 
the results of TEVAR for uncomplicated Type B dissection 
are not favorable: in-hospital mortality rate, 7.1%; SCI, 
3.4%; respiratory complications, 13.2%; and renal dysfunc-
tion, 14.7%.393,1299,1372,1374 These results in acute phase are 
poorer than those of conservative treatment, but the results 
regarding rupture, prognosis, and aortic remodeling ≥1 
year after treatment are more favorable than those of 
conservative treatment, and these results are the basis for 
acute phase treatment. Concerning the chronic-phase 

survival rate, aorta-associated event-free rate, and aortic 
remodeling, refer to the INSTEAD and ADSORB 
trials.1294,1300,1371 These results (prognosis, aortic remodeling) 
of preemptive TEVAR in early phase from the onset are 
significantly more favorable than those of conservative 
treatment.

As complications related to TEVAR for Type B dissec-
tion, the followings have been reported:
(1)  Retrograde Type A dissection: Its incidence after 

TEVAR for Type B dissection is 4.0–6.9%, being higher 
than that after TEVAR for degenerative TAA.416,417,1379 
Furthermore, the results of treatment after this 
complication are poor (mortality rate: ≥30%). There-
fore, great care must be taken to prevent the occurrence 
of this complication.416,417,1379 As for the timing of the 
onset of this complication, it occurred during TEVAR 
in approximately 20%, within 30 days after TEVAR in 
approximately 50%, and ≥31 days after TEVAR in 
approximately 30%. Its development ≥1 year after 
TEVAR is rare.416,417,1379 As predictive factors for this 
complication, intrinsic factors include acute-phase 
treatment, partial or complete thrombosis in the false 
lumen, central landing Zone 0, and an aortic diameter 
of ≥40 mm at proximal landing. Patients who fit these 
factors should be regarded as “TEVAR unfit: not 
meeting anatomical requirements”.416,417,1379–1382 Extrinsic 
factors include SG oversizing (≥10%) and proximal bare 
stent-installed devices. Planning should be established, 
paying much attention to these matters416,417,1379,1380

(2)  Stroke: The incidence of cerebral infarction increases 
in landing more proximally to Zone 2. Left subclavian 
artery reconstruction is recommended as it has been 
shown to decrease the incidences of SCI and cerebral 
infarction372,373

(3)  SCI: In many patients undergoing TEVAR for Type B 
dissection, an SG is inserted into the proximal descending 
aorta through the distal arch. It may be rare to directly 
obstruct the spinal-cord-feeding artery (Adamkiewicz 
artery). However, central entry closure may lead to 
intercostal artery occlusion of a false-lumen branch 
with the time course after TEVAR. This is complicated 
by delayed SCI in some cases. When a large number of 
intercostal arteries are false-lumen branches on preop-
erative contrast-enhanced CT, intra-/postoperative 
strategies to prevent SCI must be established as high-
risk patients for SCI

(4)  Renal dysfunction: Entry closure may result in malper-
fusion of the renal artery with false-lumen perfusion. 
However, if false-lumen perfusion persists, a tear may 
be present in the same area in the acute phase; complete 
closure of the tear within 6 months after the onset is 
extremely rare. Renal blood flow on central entry 
closure should be confirmed by intraoperative angiog-
raphy. If renal blood flow insufficiency is suspected, 
renal artery reconstruction through a tear may be 
necessary

(5)  Peripheral stent graft-induced new entry (SINE): For 
TEVAR in patients with aortic dissection, the 
peripheral side of an SG is often inserted to the site of 
dissection, and a new entry develops in the intima of 
the peripheral region of the SG. This is termed SINE. 
As the mechanism of development, SG-related ulcer-
ation at its end or fatigue related to intimal flap swinging 
after SG deployment may be involved. The positions 
of the two types of new entry tear subtly differ, but the 
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condition is similar; it is not necessary to differentiate 
them. If this new entry is connected with the original 
false lumen, a double barrel before initial treatment 
may be formed, but rarely, new dissection may occur, 
leading to three-cavity dissection. Its incidence is 
approximately 7.9%. Factors involved in development 
include the timing of treatment (acute: 4.3%, chronic: 
12.9%), SG oversizing (positive factor), and the use of 
a restrictive bare stent (PETICOAT stent): negative 
factor.1349,1383–1386 When preemptive TEVAR is 
performed as initial treatment, an intended reduction 
in a false lumen is not achieved due to a new tear; 
therefore, early additional treatment (additional 
TEVAR in most cases) is necessary1387

(6)  Endoleak: TEVAR for types I to IV is similar to that 
for TAAs. However, in double barrel patients, blood 
flow may blow up from a re-entry into a false lumen 
after entry closure with an SG. This should be regarded 
as re-entry flow (false lumen retrograde flow), and 
distinguished from endoleak (Figure 52B). If there is a 
tendency for enlargement associated with re-entry 
flow, additional treatment is necessary1306

c. Open Surgery
Medical treatment is generally selected to treat acute 
uncomplicated Type B dissection, and open surgery is not 
indicated. Since the results of the INSTEAD XL trial1287 
were reported, (preemptive) TEVAR, as a preemptive 
attack, has been performed by selecting patients in the 
subacute phase. However, this is indicated on the premise 
of minimally invasive TEVAR, and does not correspond 
to invasive surgery. In some institutions, preemptive total 
aortic arch replacement + FET surgery is performed in 
patients with retrograde dissection involving the aortic 
arch. However, the usefulness of such treatment must be 
investigated by comparing risks with benefits.

When the process of dissection involves a pre-existing 
true aortic aneurysm, the risk of rupture increases; this 
condition should be exceptionally managed even if the 
dissection itself is uncomplicated.1388 In this case, it may be 
regarded as a type of complicated dissection, but there is 
no evidence to recommend acute-phase treatment. Follow-up 
must be carefully performed based on symptoms and 
imaging findings, and invasive treatment should be 
conducted at an optimal time. Surgery is indicated for some 
patients based on anatomical circumstances. In patients 
with aortic arch aneurysms, FET surgery is also selected.

d. Medical Treatment
i. Initial Treatment
As initial treatment for uncomplicated acute Type B 
dissection, medical treatment has been selected. Because the 
incidence of life-threatening complications, such as rupture 
and malperfusion, is low, differing from Type A dissection 
which may induce cardiac or cerebral complication. 
Therefore, the necessity of invasive treatment is low, and the 
results of medical treatment for uncomplicated acute Type 
B dissection were more favorable than those of surgery.1389 
Despite recent advances in less invasive endovascular 
treatment, including TEVAR, the acute-phase mortality 
rate after medical (conservative) treatment for uncompli-
cated dissection is still reportedly 2.4 to 6.3%, being similar 
to or slightly lower than that after TEVAR (6.6 to 
7.1%);393,1272,1390 therefore, medical treatment is recom-
mended as standard acute-phase treatment for uncompli-

cated dissection. However, in the chronic phase (≥1 year 
after onset), the prognosis of patients treated by acute-phase 
TEVAR is reportedly better than that of those treated by 
medical treatment.393,1390,1391 In the future, an RCT should 
also be conducted in this field.
(1)  Management of the heart rate and blood pressure: In the 

acute phase, rupture or malperfusion-related organ 
failure, deterioration of dissection, and redissection 
should be avoided. Therefore blood pressure/heart 
rate/pain control and resting are important. After 
diagnosis of acute Type B dissection, heart rate/blood 
pressure control (dV/dt and dP/dt reduction) should be 
initially performed. A target heart rate is established 
as <60 beats/min, and a target systolic blood pressure 
as 100 to 120 mmHg. Prompt adjustment is recom-
mended.96,275,532,1270,1288 As hemodynamic monitoring, a 
monitor electrocardiogram, arterial pressure line, and 
central venous line should be prepared. Under such 
monitoring, close adjustment should be conducted so 
that a target heart rate/blood pressure value may be 
obtained in a range in which organ blood flow is 
maintained. A study reported that heart rate control 
(<60 beats/min) in the acute phase reduced the incidence 
of aorta-associated events in the chronic phase.1270 If 
there is no contraindication, the heart rate should be 
controlled to <60 beats/min by intravenously injecting 
a β-blocker in the early phase.1206,1269,1365–1367 If 
β-blockers cannot be used, the heart rate should be 
controlled with non-dihydropyridine Ca antagonists. 
If a blood pressure of ≤120 mmHg is not achieved after 
heart rate control, the blood pressure should be 
controlled by combining the above Ca antagonist with 
antihypertensive drugs such as other Ca antagonists, 
ACE inhibitors, and ARBs.

    In the hyperacute phase, blood pressure/heart rate 
control with intravenous agents should be performed 
because their regulatory property is superior. However, 
oral or patches b-blockers may be started/combined the 
day after onset or later. Several studies indicated that 
the long-term intravenous administration of nicardipine 
at a massive dose induced tachycardia, concomitant 
phlebitis, or paralytic ileus.1392–1394 Combination therapy 
with oral agents should be started in the early phase

(2)  Pain control: In addition to antihypertensive therapy, 
analgesia/sedation for persistent pain should be 
promptly achieved. Because persistent pain increases 
in the heart rate/blood pressure. Adequate analgesia 
with intravenous opioids facilitates heart rate/blood 
pressure control

(3)  Management of fever/inflammation, hypercytokinemia, 
and respiratory failure: With acute aortic dissection, 
systemic inflammatory response syndrome (SIRS) 
occurs, and the C-reactive protein (CRP) level 
increases. Periaortic inflammation-related pleural 
effusion and bed rest related atelectasis are involved in 
respiratory failure associated with acute dissection. In 
some cases, marked inflammatory responses lead to 
SIRS, being complicated by acute lung disorder This is 
associated with hypercytokinemia related to aortic 
dissection. Respiratory complications should be avoided 
by administering sivelestat in addition to a postural 
change

(4)  Bed rest level: Resting is required within 24 h during 
which the risk of rupture or deterioration of dissection 
is high.1395,1396 Concerning subsequent resting/relief, 
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refer to 1. Rehabilitation for aortic dissection in 
Chapter IX. Restlessness or delirium in elderly patients, 
which are often accompanying, may also be associated 
with excessive resting or fasting. According to some 
studies, in low-risk patients for complications, ambula-
tion by early rehabilitation decreased the incidence of 
delirium. Management in accordance with the severity 
of dissection is necessary1395,1397

ii. Follow-up by Diagnostic Imaging
Follow-up CT should be performed within 1 week after 
initial diagnosis. In some cases, a rapid increase in the aortic 
diameter, deterioration of dissection, or redissection-related 
malperfusion is observed a few days to a few weeks after 
an initial diagnosis of uncomplicated acute Type B dissec-
tion . When the deterioration of the condition is suspected, 
it is necessary to promptly conduct additional CT. 
Furthermore, malperfusion-related renal ischemia induces 
renal dysfunction or refractory hypertension; therefore, 
blood flow of renal artery assessment by CT and ultrasonog-
raphy must be considered. A study indicated that intestinal 
ischemia was the most frequent causes of death as well as 
aortic rupture.1192 It is the most important to pay attention 
to abdominal pain or abdominal swelling, but if regular 
blood gas analysis show an increase in the lactic acid level 
in addition to gas detection on abdominal X-ray, CT or 
vascular ultrasonography should be performed under a 
tentative diagnosis of abdominal organ ischemia.

In patients with chronic kidney disease (CKD) or those 
with renal dysfunction after the onset of dissection, frequent 
contrast-enhanced CT increases the risk of contrast 
medium-induced nephropathy; therefore, if there is no 
change in the general condition or finding suggestive of 
malperfusion, contrast-enhanced CT is not always neces-
sary. In contrast, in patients in whom malperfusion is 
suspected, especially in those with intestinal ischemia, early 
therapeutic intervention improves the prognosis. Therefore 
physicians should not hesitate to perform contrast-enhanced 
CT. As risk factors for aorta-associated events in the 
chronic phase, an aortic diameter of ≥40 mm in the acute/
subacute phases, a false lumen diameter of ≥22 mm, and 
imaging findings such as partial thrombosis of a false lumen 
have been reported.396,1025,1398 In corresponding or similar 
patients, follow-up by imaging must be more carefully 
performed.
iii. Drug Therapy After the Acute Phase
Issues in the acute phase following the hyperacute phase 
(within 24 h) are blood pressure/heart rate control, the 
relief of the bed rest level, and management of delirium or 

respiratory failure. For blood pressure control, a reference 
range should be established as 100–120 mmHg. However, 
when renal dysfunction related to a reduction in the perfu-
sion pressure, such as a decrease in the urine volume, 
occurs, it is sometimes necessary to increase a target blood 
pressure. In patients with acute dissection in the presence 
of arteriosclerosis as a background factor, including elderly 
patients, medical treatment for arteriosclerosis such as 
lipid-lowering therapy, diabetes control, and smoking 
cessation, must be considered in addition to blood pressure 
control to prevent cardiovascular events in the remote phase 
regardless of treatment methods (surgery, medical treat-
ment). This may contribute to chronic-phase management.

 ▋3.2 Chronic Stanford Type B Aortic Dissection
  ▋ 3.2.1  Surgical Indications and Procedure Selection 

(Table 42)
a. Indications
Various surgeries of chronic Type B dissection beyond the 
window period of preemptive TEVAR have been performed 
to prevent rupture after enlargement/aneurysm formation. 
Therefore, it is considered appropriate that its indication 
criteria are based on those of non-dissecting aortic aneu-
rysm. In fact, the indications are judged individually in 
consideration of age, the presence of subjective symptoms, 
the presence of COPD, physical constitution, enlargement 
rate, and genetic background. However, attention is needed 
as aortic dissection is said to have a faster enlargement rate 
than non-dissecting aortic aneurysm.

According to the guidelines published in the United 
States in 2010, the surgical indication for thoracic descending 
aortic aneurysm is a diameter of 55 mm, which is distin-
guished from a diameter of 60 mm for TAAA; however, they 
did not distinguish dissection and non-dissection cases.95 
More than half of the surgeries for chronic Type B dissec-
tion require highly invasive deep hypothermic circulatory 
arrest, even with descending aortic replacement, and the 
early results of arch + descending aortic replacement are 
comparable to those of thoracoabdominal aortic replace-
ment in Japan. Considering these, it is appropriate that the 
surgical indications for chronic Type B dissection are 
based on those for TAAA.

On the other hand, according to the guidelines published 
in Europe in 2014, the indications for non-dissecting 
thoracic descending aortic aneurysm are a diameter of 
55 mm for TEVAR and 60 mm for open surgery (prosthetic 
graft replacement).96 When focusing on chronic Type B 

Table 42. COR and LOE for the Invasive Treatment of Chronic Stanford Type B Aortic Dissection

COR LOE

 It is recommended to perform invasive treatment for patients with a maximum minor axis of 
≥60 mm1330 I C

 TEVAR should be considered for ULP-type and DeBakey type IIIa dissection in the chronic stage IIa C

 Open surgery should be considered for DeBakey type IIIb dissection in the chronic 
stage402,1399,1400 IIa C

 TEVAR should be considered for cases of DeBakey type IIIb dissection in which open surgery is 
difficult IIa C

TEVAR may be considered for DeBakey type IIIb dissection in the chronic stage1400,1401 IIb C

COR, class of recommendation; LOE, level of evidence; TEVAR, thoracic endovascular aortic repair; ULP, ulcer-like 
projection.
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dissection, TEVAR has more favorable early results than 
open surgery. However, they show no difference in the 
5-year survival rate, and the freedom rate from additional 
treatment is lower in TEVAR.1358 Therefore, there is little 
evidence to recommend early intervention with TEVAR 
over open surgery.

The 2013 European Expert Consensus divided compli-
cated Type B dissection into acute and chronic stages, and 
it recommended TEVAR (open surgery if anatomically 
unsuitable) even for the chronic stage (chronic complicated 
dissection).1358 Its definition of complicated dissection is the 
recurrence of symptoms, enlargement/aneurysm formation 
(>55 mm), and enlargement exceeding 4 mm per year. 
However, given the considerations described above, careful 
attention must be paid to invasive treatment (open surgery 
and TEVAR) interventions for these complications in the 
chronic stage. In fact, the concept of chronic complicated 
dissection is followed in the guidelines published in Europe 
in 2014; however, the treatment intervention criteria were 
revised to a maximum diameter of 60 mm and an annual 
enlargement of 10 mm or larger, regardless of TEVAR or 
open surgery.96 Taken together, a diameter of 60 mm is 
considered appropriate as a threshold for invasive treatment 
intervention for the enlargement/aneurysm formation of 
chronic Type B dissection.

For preemptive TEVAR for Type B dissection beyond 
the subacute phase, see “3.1.3.b Endovascular Treatment” 
in this chapter.

b. Procedure
As in non-dissecting aortic aneurysm, TEVAR is expected 
to have a treatment effect on ULP type and DeBakey type 
IIIa of enlarged/aneurysmal chronic Type B dissection. On 
the other hand, in chronic DeBakey type IIIb dissection, 
the entry closure by TEVAR and flap fixation by stent 
skeleton are expected to suppress aneurysm enlargement 
only up to the distal arch-descending aorta, where the effect 
of retrograde blood flow in the false lumen (re-entry flow) 
is small.1286 Therefore, open surgery is the first treatment 
choice for more extensively dilated lesions, and indications 
of TEVAR are limited to patients at high risk of open 
surgery. In TEVAR on such patients, various additional 
treatments have been performed for retrograde blood flow 
in the false lumen (See “3.2.2 Endovascular Treatment” in 
the next section).

Prosthetic graft replacement that covers the enlarged 
part is selected in open surgery, which is a direct surgery 
with a left thoracotomy in most cases. Since total arch 
replacement with FET, which can be performed from a 
median sternotomy incision, often does not replace the 
enlarged part, its treatment effect is thought to be 
comparable to that of TEVAR.

Hypothermic total cardiopulmonary bypass, or distal 
aortic perfusion by partial cardiopulmonary bypass or left 
heart bypass is selected as circulatory adjuncts for left 
thoracotomy surgery. More than half of patients with 
chronic Type B dissection are subject to proximal open 
aortic anastomosis using total cardiopulmonary bypass/
deep hypothermic circulatory arrest due to difficulty in the 
clamping of the arch or proximal descending aorta. On the 
other hand, aortic cross-clamping in the aortic arch or its 
vicinity is mandatory under the latter circulatory adjuncts; 
however, it poses a concern about aortic injury associated 
with clamping, such as retrograde Type A dissection. 
Therefore, careful operation of aortic cross-clamping, such 

as blood pressure management during clamping, is required.
The replacement range is determined by the aortic 

diameter; however, staged surgery may be advantageous 
from the viewpoint of preventing SCI. However, there is a 
risk of rupture if the dilated part remains, and a careful 
judgment is made for each patient and lesion. Generally, 
patients with a distal descending aorta-abdominal aorta of 
approximately 40 mm or smaller are not subject to replace-
ment, and staged surgery is often selected. Nevertheless, 
patients with hereditary aortic diseases, such as Marfan 
syndrome, are often indicated for one-stage thoracoab-
dominal aortic replacement because of their high 
enlargement rate and high risk of rupture. In staged surgery, 
it has been controversial whether the peripheral side should 
be anastomosed only to the true lumen or to both lumina; 
notably, the judgment is made based on the lumen where 
the major abdominal branch originates, the position and 
size of the tear in its vicinity, and the site and lumen where 
the spinal feeding artery originates.

If the patient presents with the enlargement of the 
infrarenal abdominal aorta alone, an intervention is 
performed based on the indication criterion of AAA (50–
55 mm). However, this is based on the premise that a 
non-enlargement part is present at the renal artery level, 
and indications for patients showing a series of enlargements 
are determined based on those of TAAA.

  ▋ 3.2.2 Endovascular Treatment
Traditionally, the chronic stage of aortic dissection was 
defined to be at least 2 weeks after its onset. Based on this 
definition, preemptive TEVAR has often been performed 
in the chronic stage, but with the consideration of the 
improvement in long-term prognosis, it is now suggested 
to be performed within 6 months to 1 year of onset. 
Therefore, concepts, such as subacute and early chronic 
stages, in addition to the chronic stage, have been proposed. 
Here, as with open surgery, we discuss TEVAR for the 
prevention of rupture in chronic Type B dissection that 
has developed an aneurysm, and preemptive TEVAR 
performed beyond 2 weeks after the onset according to the 
conventional definition is discussed in another section (See 
“3.1.3.b Endovascular Treatment” in this chapter).

The procedure of TEVAR for aortic dissection itself is 
not considerably different from that for aortic aneurysm. 
A landing zone is required for sufficiently crimping and 
fixing a stent graft (SG) to the aortic wall around the entry 
to be closed, and insufficient crimping and fixing result in 
blood flowing through the gap into the entry (type Ia 
endoleak). Regarding the proximal landing zone, cTAG® 
manufactured by W. L. Gore & Associates, Inc. states it to 
be “at least 20 mm from the major entry to the proximal 
side,” but Zenith® for aortic dissection manufactured by 
Cook Medical states it to be “at least 20 mm of non-
dissected aortic part in the proximal region to the entry.” 
In contrast, the length of the distal landing zone is not 
specified.

In TEVAR for chronic aortic dissection, the true lumen 
of the descending aorta is often narrowed, and many cases 
require an SG with different diameters on the proximal 
and distal sides. For this, a tapered SG that is 5–10 mm 
thinner on the peripheral side than the proximal side may 
be used, or a small-diameter SG may be deployed on the 
distal side in advance, inside which the central stent graft 
can be stacked.

Several patients with chronic dissection are observed to 
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develop a new intimal tear due to SG (stent graft-induced 
new entry), and the diameter of SG selected for chronic 
dissection patients should be smaller (approximately 5% 
larger than the aortic diameter) than that for patients with 
aortic aneurysm.416,1402 On the other hand, the length of SG 
deployment has been controversial. Although its primary 
purpose is to close an entry, the deployment length may be 
extended to simultaneously close the entry located at the 
origin of small branches, such as the intercostal artery. On 
the other hand, extensive closure of the intercostal artery 
raises a concern about SCI.

Several patients with aortic dissection have multiple 
tears in addition to the major entry, and even if their major 
entry is closed with an SG, blood flow from the residual 
tear to the false lumen (re-entry flow) may remain. In 
relation to this, a report showed that patients with partially 
thrombosed false lumen had a poorer prognosis than those 
with patent false lumen,1025 and patients with DeBakey 
type IIIa dissection, which can often block blood flow in 
the false lumen by entry closure, was reported to have 
more favorable prognosis than those with DeBakey type 
IIIb dissection, in which re-entry remains in the abdominal 
aorta.1402a Changes in the false lumen hemodynamics after 
entry closure by TEVAR are thought to be related to the 
time from onset, as well as the location, number, and site 
of re-entry; however, they are not accurately predicted at 
present.

If the blood flow in the false lumen remains after 
TEVAR for chronic Type B dissection and results in 
enlargement, the procedure may be completely shifted to 
prosthetic graft replacement, which includes the site where 
TEVAR has been performed. However, to resect the residual 
re-entry, the aorta may be cut at the periphery of the SG to 
close the false lumen, and the area below it may be replaced 
with a prosthetic graft. In addition, the re-entry at the origin 
of the abdominal branch may be closed by TEVAR with 
branched SG based on the procedure for TAAA; however, 
branched SG has not yet been approved in Japan.

Because the false lumen of the proximal-middle descending 
aorta often enlarges, there have been efforts to prevent the 
enlargement of the false lumen of the proximal descending 
aorta by blocking the blood flow from the abdominal aorta 
in the false lumen of the distal descending aorta. Coil 
embolization requires a large number of coils and has not 
been generally used; however, a method of deploying a 
short drum-shaped SG in the false lumen of the distal 
descending aorta immediately above the diaphragm from 
the re-entry of the iliac artery or abdominal aorta (candy-
plug method) has been reported.416,1402–1404 While dedicated 
devices are used overseas, they have not been approved in 
Japan. Thus, a ligature is applied to the central part of the 
existing short SG to form a small ring by limiting the 
deployment, and the lumen remaining in the SG is closed 
by a vascular plug.1405,1406 Also, there is a method of 
deploying a large-diameter SG in the true lumen to 
compress the false lumen with a balloon and expand it 
until it is occluded (knickerbocker method); however, it 
has not been generally used.1305

In DeBakey type IIIa dissection, entry closure by 
TEVAR often leads to complete thrombosis of the false 
lumen, which is well indicated for TEVAR. On the other 
hand, DeBakey type IIIb dissection poses a concern about 
the enlarged false lumen due to residual re-entry.

Thoracoabdominal replacement for chronic Type B 
dissection has relatively favorable results because of the 

large number of young patients and few atherosclerotic 
changes; however, TEVAR remains to be advantageous in 
terms of operative death and the occurrence of complica-
tions. However, although there is no RCT showing the 
long-term results of the two, they have no difference in the 
life prognosis, and the retreatment rate is clearly higher in 
the TEVAR group. Therefore, their indications need to be 
judged according to the patient and lesion.

  ▋ 3.2.3 Open Surgery
a. Arch/Descending Aortic Replacement
Since distal aortic arch is frequently involved in aortic 
dissection, distal part of aortic arch is frequently included 
in the ectent of replacement during descending aortic 
replacement. The intercostal space for thoracotomy is 
selected from the 4th to 6th depending on the replacement 
range, and a rib-interruption ribcross is often performed. 
Normally, the proximal side is anastomosed to the aorta 
that does not have dissection. When anastomosing the distal 
side to the dissected area, the graft is anastomosed to two 
lumina after fenestration in some cases, while anastomosis 
only to the true lumen is performed with reapproximation 
of dissection in others. Anastomosis only to the true lumen 
is performed with the expectation of remodeling of the 
downstream false lumen; however, the false lumen that has 
enlarged to some extent is not expected to show significant 
remodeling in chronic-stage surgery. In addition, attention 
is needed if the Adamkiewicz artery is derived from the 
false lumen or if the major abdominal branch, especially 
the superior mesenteric artery, originates from the false 
lumen, and it must be kept in mind that the spinal cord1407 
and intestinal tract may become ischemic. Furthermore, 
open distal anastomosis should be used to avoid creating a 
tear at the distal clamped site.

The surgery is performed through left thoracotomy 
under differential lung ventilation. To avoid respiratory 
failure due to pulmonary hemorrhage, the left lung is left 
untouched to the extent possible, and no left lung ventilation 
is performed during heparinization. In surgery under 
clamping, proximal aortic cross-clamping is often performed 
between the left common carotid artery and the left subcla-
vian artery. This may lead to severe complications, such as 
cerebral infarction in patients with atheroma lesions, and 
clamp injury and retrograde Type A dissection in patients 
with the fragility of the aortic wall, such as cases with aortic 
arch enlargement. Therefore, careful attention must be paid 
to the condition of the aortic arch, and deep hypothermic 
circulatory arrest is selected for patients with a risk. 
However, deep hypothermic surgery through left thora-
cotomy is highly invasive, and its application requires 
sufficient preparation.

Distal aortic perfusion is used for spinal cord/abdominal 
organ protection during aortic cross-clamping. Potential 
malperfusion of the spinal cord or abdominal organs caused 
by this method can be prevented by temporarily releasing 
the aortic cross-clamping on the distal side and re-clamping 
the aorta after resecting and fenestrating the flap. If the 
replacement range includes the Adamkiewicz artery, a 
treatment plan based on thoracoabdominal aortic 
replacement should be applied.

The deep hypothermic circulatory arrest method is used 
in patients whose dissection has extended to the aortic 
arch, patients with the dilated aortic arch, and patients for 
whom central clamping is avoided. Right atrial blood 
removal via the femoral vein is frequently used for blood 
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removal; however, it is important to achieve favorable 
blood removal, for which vacuum-assisted blood removal 
should be used by deploying a cannula tip with widely 
placed lateral holes in the superior vena cava. The femoral 
artery on the side connected to the true lumen is frequently 
used for blood supply; however, many surgeons prefer the 
ascending aorta or axillary artery because of a concern 
about the occurrence of cerebral infarction due to 
malperfusion or debris.

Arch/descending aortic replacement tends to cause 
insufficient cerebral and myocardial protection, and various 
measures have been taken. Since cerebral protection is 
based on hypothermia, it is cooled to a blood removal 
temperature of 18°C or lower that reflects the brain 
temperature (nasopharyngeal or tympanic temperature 
may also be used). Although there are restrictions on the 
surgical field, selective cerebral perfusion may be added, 
and barbiturate or anticonvulsant fosphenytoin may also 
be administered. Since the ischemia time is approximately 
30 min, this level of hypothermia alone is sufficient for 
myocardial protection. However, if asystole cannot be 
achieved by hypothermia alone, the administration of a 
potassium bolus of approximately 20 mEq immediately 
before circulatory arrest, the administration of anterograde 
cardioplegic solution via a balloon catheter after circulatory 
arrest, and the administration of anterograde cardioplegic 
solution by ascending aortic cross-clamping depending on 
the surgical field is also performed. Left ventricular venting 
during ventricular fibrillation is of more importance, and 
in particular, left ventricular enlargement during rewarming 
must be avoided.

After transecting the central aorta under opening, the 
aortic arch is anastomosed with a prosthetic graft. After 
anastomosis, the air is sufficiently extruded, and upper 
body perfusion is resumed from the lateral branch of the 
graft at 1–1.5 L/min. Peripheral anastomosis of the graft is 
performed during rewarming, and the intercostal artery 
and left subclavian artery are reconstructed as needed.

b. Thoracoabdominal Aortic Replacement
Thoracoabdominal aortic replacement is indicated for 
patients with diffuse enlargement from the thoracic 
descending aorta to the abdominal aorta. It is often indi-
cated for patients with genetic background, such as Marfan 
syndrome, because of the high rate of dilation of the 
dissection part in the late stage. It has a high operative 
mortality rate and incidence of paraplegia, and its results 
for Crawford type II particularly pose an issue.1408 However, 
favorable results with an early mortality rate of 3.6–5.8%, 
a paraplegia incidence of 2.6–6.0%, and a 5-year survival 
rate of 65–79% have also been reported in the recent 
years.1409,1410 Also, its results are relatively favorable in the 
disease group with genetic background.1408 On the other 
hand, a staged surgery was reported to reduce the incidence 
of SCI,1411 and if the downstream enlargement remains 
moderate, a staged surgery with descending aortic 
replacement and thoracoabdominal aortic replacement is 
also considered. In such cases, a careful decision must be 
made in consideration of the risk of the second-stage 
surgery, which is a re-thoracotomy, in addition to the risk 
of rupture while awaiting second-stage surgery.

Spinal cord protection and abdominal organ protection 
are important in thoracoabdominal aortic replacement, in 
addition to the considerations given to (arch) descending 
aortic replacement. For spinal cord ischemia, distal aortic 

perfusion based on collateral network concept, prevention 
and perfusion of segmental artery steal, cerebrospinal fluid 
drainage, and hypertensive management are performed, in 
addition to the identification of the spinal cord feeding 
artery, electrophysiological monitoring, and pharmaco-
logical protection. Segmental artery reconstruction is 
preferred as it reduces the risk of late SCI associated with 
non-reconstruction of the spinal cord feeding artery. For 
details, see Chapter VII, “2.3 Spinal Cord Protection 
Method”. In addition, because hypothermia extends the 
spinal cord ischemic tolerance time, deep hypothermia has 
also been selected for spinal cord protection, including 
cases in which segmental artery reconstruction cannot be 
performed under small segmental clamping, which is 
expected to maintain collateral blood flow through the 
epidural arcade.

When reconstructing the major abdominal branch artery, 
organ protection is performed by selective perfusion for 
the celiac and superior mesenteric arteries and selective 
perfusion or perfusion with lactated Ringer’s solution at 
4°C for the left and right renal arteries.1412 The effectiveness 
of perfusion with the Custodiol® solution is also being 
investigated. Perfusion is not always necessary when using 
deep hypothermic therapy. In addition, due to the presence 
of autoregulation in the renal blood flow, single forced 
perfusion with a pump has a high risk of kidney injury due 
to high-pressure perfusion, even at a low flow rate (150–
200 mL/unilateral). When performing selective perfusion, 
it is important to provide an escape route together with the 
celiac artery, superior mesenteric artery, or iliac artery.

c. Frozen Elephant Trunk (FET)
FET may be selected for patients who have insignificant 
dilation of the distal descending aorta with a dilated aortic 
arch, or patients with chronic-stage complications other 
than dilation/aneurysm formation. Total arch replacement 
is performed in the same manner as normal aortic arch 
replacement, and FET is inserted into the distal true 
lumen. Because the extended insertion length leads to a 
concern about SCI, its insertion is limited from T8 to the 
central region. However, if the insertion is too short, the 
distal end hits the tortuous site of the descending aorta, 
increasing the risk of inducing stent graft-induced new 
entry (SINE). With regard to the stent graft diameter, it is 
recommended to select the size with a lower oversize ratio 
based on the true lumen diameter at the distal end of the 
deployment part to avoid the distal SINE. The distal aortic 
anastomotic site is often found in the periphery of the 
dilated part in patients with enlarged arch; however, it can 
be found in the central side of the subclavian artery for other 
indications. The area without a stent requires attention as 
it may become stenotic due to tortuosity or kinks, if it is 
excessively long.

d. Abdominal Aortic Replacement
When only the infrarenal abdominal aorta is dilated, 
surgery based on normal AAA is performed. In such a case, 
it is necessary to resect/fenestrate the flap of the central 
anastomosis site and anastomose the graft to both lumina 
to avoid the induction of malperfusion due to re-entry 
closure.

  ▋ 3.2.4 Medical Treatment
The primary goal of chronic-stage patient management is 
to prevent re-dissection and rupture and to decide the 



Circulation Journal Vol.87, October 2023

1519JCS/JSCVS/JATS/JSVS 2020 Guideline on Diagnosis and Treatment of Aortic Aneurysm and Aortic Dissection

timing and procedure of surgery/reoperation. In addition, 
it has been reported that patients after surgery for aortic 
diseases also have a high risk of cardiovascular events, 
such as myocardial infarction and stroke, than patients 
before surgery.299 Thus, regardless of surgery, optimal 
medical treatment (OMT), which is medical treatment 
aimed at improving the blood pressure, lipid, and 
atherosclerotic risk factors, is important.

a. Blood Pressure Management
Blood pressure management is of the utmost importance. 
Favorable blood pressure control was reported to reduce 
the occurrence of re-dissection by approximately 1/3.1413 Its 
hypotensive target is below 130/80 mmHg. With regard to 
the selection of antihypertensive drugs, it is important that 
they achieve a reliable hypotensive effect; however, only 
the effects of β blockers have been supported by evidence, 
such as reducing aortic dissection-related events like 
hospitalization276 and suppressing the enlargement of the 
aneurysm diameter.1414 According to the analysis of IRAD, 
β blockers were reported to have the highest usage rate in 
chronic aortic dissection, contributing significantly to the 
improvement in its survival rate.1269 It has also been 
reported that the ARB losartan slows the enlargement of 
aortic diameter in Marfan syndrome patients.1415 Regardless 
of the drugs used, it is important to administer the maximum 
permissible dose until the target blood pressure is reached 
and to perform strict blood pressure control.

b. Management of Atherosclerotic Risk Factors
In surgical and medical treatment cases of aortic dissection 
caused by atherosclerosis, medical treatment, such as 
control of lipid-lowering therapy and diabetes mellitus and 
smoking cessation, is important for suppressing cardiovas-
cular events in the late stage, in addition to blood pressure 
control. As in coronary artery disease, statins were reported 
to suppress cardiovascular events in aortic diseases,299 and 
their active introduction is desired.

c. Rest Level and Exercise
There are a few restrictions on the normal daily life. 
Although there is little evidence about exercise, it is recom-
mended that patients perform mild to moderate aerobic 
exercise (equivalent to 3–5 METs), such as walking and 
light running, which are effective in lowering the systolic 
blood pressure, for at least 30 min a day and at least 
150 min a week.1416 Weightlifting, which increases the 
intrathoracic pressure, should be avoided, and exercise 
should be stopped before feeling a burden with a light 
load. The exercise intensity should be set for each patient 
such that the systolic blood pressure does not exceed 
180 mmHg, and the exercise intensity should be estimated 
by a treadmill exercise stress test.

d. Follow-up by Imaging Examinations
Changes in the aortic diameter are observed over time in 
the outpatient department by performing CT/MRI exami-
nations at regular intervals for 2 years, the period in which 
aortic dissection-related events often occur. With regard to 
the follow-up intervals for CT examination, it was reported 
that CT examination for follow-up should be performed 1, 
3, 6 months after the onset, and every 6 months thereafter 
up to 2 years of the onset, or 1, 3, 6, 9, and 12 months after 
the onset.68 The interval between CT examinations may be 
shortened if the aortic diameter is close to the surgical 

indication. Also, considering radiation exposure and kidney 
injury due to the contrast medium, the interval between 
CT examinations may need to be slightly increased in 
patients with a small aortic diameter and the thrombosed 
and occluded false lumen without ULP.

e. Limitations of Medical Treatment
Whether (re-) surgery is performed or the course is moni-
tored only with hypotensive treatment must be determined 
based on the results of CT/MRI examination. Aortic 
dissection is also generally indicated for surgery under the 
same conditions as a true aneurysm; however, the treatment 
policy needs to be reexamined if the patient has ULP and 
significant morphological changes.

f.  Precautions for the Management of Surgical Cases in 
the Chronic Stage

For long-term postoperative complications, a follow-up by 
CT examination is required to examine the presence or 
absence of suture failure, anastomotic pseudoaneurysms, 
and re-dissection.

For aneurysm formation caused by residual dissection, 
a follow-up by CT examination is required to examine the 
extension and enlargement of residual dissection, the 
degree of thrombosis formation, and the state of the false 
lumen. It has been reported that false lumen patency is 
found in 46–78% of postoperative Type A dissection 
patients,1222–1225 while 75%, 59%, and 43% of patients 
survived without the enlargement of aneurysm diameter at 
3, 5, and 8 years after surgery, respectively.1226 The addition 
of open surgery or TEVAR is considered in patients who 
exhibit enlargement in the late stage.

 ▋3.3  Postoperative Follow-up and Additional 
Treatment (Table 43)

  ▋ 3.3.1 Postoperative Follow-up
In many patients with aortic dissection, residual dissection 
is present even after open surgery or TEVAR. Strict 
follow-up is important. In particular, as follow-up with 
images, CT must be performed 1, 6, and 12 months after 
initial treatment, and, subsequently, every year. When 

Table 43. COR and LOE for Postoperative Follow-up of 
Aortic Dissection and Additional Treatment

COR LOE

 After surgery, regular (after 1, 6, and 12 
months and, subsequently, every year) 
follow-up involving imaging procedures is 
recommended1291,1418–1420

I C

 Additional invasive treatment is recommended 
for patients with symptoms related to residual 
false-lumen enlargement

I C

 Additional invasive treatment is recommended 
for patients with residual false-lumen 
enlargement (aortic diameter: 55–≥60 mm)

I C

 When false-lumen enlargement or narrowing 
of the true lumen is predicted in patients after 
open surgery for acute Type A dissection/with 
residual false-lumen patency, early TEVAR 
should be considered in those meeting 
anatomical requirements1421,1422

IIa C

COR, class of recommendation; LOE, level of evidence; TEVAR, 
thoracic endovascular aortic repair.
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renal dysfunction makes contrast enhancement impossible, 
true/false lumen blood flow should be evaluated by MRI 
or transesophageal ultrasonography.1328,1329 In patients 
with false-lumen patency or genetic predispositions, closer 
follow-up should be considered.

  ▋ 3.3.2 Indication of Additional Treatment
In some patients, false-lumen enlargement is observed at 
the site of residual dissection (arch/descending aorta) 
after surgery for Type A dissection or after invasive 
treatment (open surgery or TEVAR) for Type B dissec-
tion.342,1079,1085,1421,1423–1431 Furthermore, endoleak involving 
a stent graft-induced new entry (SINE) after TEVAR for 
Type B dissection is the most frequent reason for additional 
invasive treatment.342,512,1423 Indication criteria for additional 
invasive treatment for these types of residual dissection are 
as follows:
(1)  Presence of symptoms related to residual dissection 

false-lumen enlargement or true-lumen stenosis (chest/
back pain, hoarse voice, dysphagia)

(2)  Residual dissection aortic diameter: ≥55 to 60 mm
(3)  Rapid enlargement of a residual dissection aortic 

diameter (≥5 mm/6 months) or redissection, endoleak 
after FET surgery or TEVAR, SINE, or retrograde 
Type A dissection

(4)  Patients in whom future false-lumen enlargement is 
predicted in the presence of residual dissection after 
surgery for Type A dissection; indication of preemptive 
TEVAR

  ▋ 3.3.3 Frequency of Additional Treatment
a. Distal Side After Surgery for Type A Dissection
Additional distal treatment is performed in 11.6–22.7% 
of patients after surgery for acute Type A dissec-
tion.1079,1085,1421,1426,1428–1434 The additional distal treatment 
rate depends on the contents of initial surgery. Some 
studies indicated that total arch replacement, including 
FET surgery, reduced the risk of additional treatment 
(hazard ratio) to 0.37 in comparison with ascending aorta/
hemiarch replacement.1435–1437 Therefore, FET-combined 
total arch replacement is recommended as initial surgery 
when the benefits of avoiding additional treatment outweigh 
the disadvantage of increased risk of acute surgery. Of 
course, the additional treatment rate is high in patients 
with residual distal false-lumen patency. Follow-up by CT 
is important.1291,1418,1419

b. After Surgery for Type B Dissection
Additional treatment after surgery for Type B dissection 
depends on the timing and methods of initial treatment. 
When TEVAR for acute complicated dissection was 
performed as initial treatment, the additional treatment 
rate after 1 year was 15.4%.342,1424 On the other hand, the 
additional treatment rate after TEVAR for chronic dissec-
tion was 20.2% (6.0–53.3%), with a mean follow-up of 33.7 
months, being significantly higher than after open surgery 
(11.8%, 0–26%).342,386,402,404 In addition, the interval until 
additional treatment was significantly shorter (TEVAR: 
15.4±2.3 months, surgery: 65±9 months). When selecting 
open surgery as initial treatment, the additional treatment 
rate depends on the timing of initial open surgery. In 
many cases of acute complicated dissection, the extent of 
treatment is limited to the thoracic region; therefore, the 
additional treatment rate after 1 year is 5.5%, being similar 
to that after TEVAR.386 On the other hand, thoracoab-

dominal aortic replacement is selected in approximately 
50% of patients with chronic Type B dissection, and the 
additional treatment rate was 11.8% (0–26%), with a 
mean follow-up of 27 months, being lower than after 
TEVAR.342,386,402,404,405,1438

  ▋ 3.3.4 Methods and Results
a. Distal Side After Surgery for Type A Dissection
When selecting ascending aorta/hemiarch replacement as 
initial surgery, a residual dissection entry often remains in 
the site of distal anastomosis (dissected flap injury) on 
initial surgery, arch/proximal descending aorta, or arch 
branches. In open surgery as additional treatment, an 
enlarged area involving these entries is replaced with a 
prosthetic graft. In endovascular treatment, entries that 
remain are closed with a stent graft (SG). When an entry 
remains in the arch/arch branch, open surgery is primarily 
selected.1113,1233,1429,1439–1441 When it remains in the descending 
aorta, TEVAR is primarily selected. Techniques to perform 
arch/arch branch treatment by TEVAR or hybrid treatment 
have been established, and the results of acute-phase 
treatment are more favorable than those of surgery.1421,1422 
However, TEVAR in patients with dissection may lead to 
further additional treatment,1421 and the timing of additional 
treatment is earlier than that of open surgery in many 
cases.1422 This is due to the fact that favorable remodeling 
of the enlarged false lumen is difficult to achieve by entry 
closure with a SG alone.

b. After Invasive Treatment for Type B Dissection
Additional treatment methods are comprehensively selected 
based on the etiology, general condition, expected prognosis, 
and adherence in addition to a technique of initial treatment 
(open surgery or endovascular treatment including 
TEVAR), enlarged area, residual entry/re-entry positions, 
and state of main branch perfusion: perfusion from true-
lumen/false-lumen. A basic concept for surgery consists of 
resection of an enlarged area and prosthetic graft replace-
ment, and that for TEVAR/EVAR is closure of a residual 
entry, as described for initial invasive treatment.

When performing additional endovascular treatment in 
patients treated by TEVAR as initial treatment, a false 
lumen at target may remain without reduction or further 
enlargement due to blood flow from re-entry sites.391 Thus, 
the achievement of complete exclusion is a shortcut to 
settling the residual dissection.1303 Furthermore, interven-
tion to a false lumen should also be considered to achieve 
complete thrombosis of a target false lumen.1307,1406

As an additional treatment method, open surgery is 
prioritized in patients with false-lumen enlargement, but 
endovascular treatment is also selected for additional 
treatment in many patients who underwent endovascular 
treatment as initial treatment. In those who underwent 
surgery as initial treatment, surgery is also often selected 
for additional treatment.405 However, after initial treatment 
for aortic dissection/in the presence of residual dissection, 
the lesion involves the entire aortic region in many cases; 
treatment with an adequate combination of the two 
techniques and hybrid treatment may contribute to an 
improvement in the prognosis. Therefore, this complex 
dissection treatment should be performed in both open 
surgery- and endovascular-treatment-skilled institutions.

Concerning additional treatment for Type B dissection, 
the extent of open surgery or endovascular treatment 
involves the thoracoabdominal aortic region in many 
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cases. There were no marked differences in the comparison 
of prognosis or incidence of SCI between open surgery and 
endovascular treatment (TEVAR, hybrid treatment, EVAR 
with fenestration-type/branched devices) involving this 
thoracoabdominal region.1442 However, the repeated 
treatment rate in the chronic phase is markedly higher in 
patients treated by endovascular treatment; techniques 
should be selected, based on the patient age, etiology, and 
adherence.

 ▋3.4 Extensive Aortic Dissection
  ▋ 3.4.1 Open Surgery

In chronic Type B dissections, (dissecting) aortic lesions 
with a large false lumen from the descending aorta to the 
abdominal aorta are referred to as “extensive aortic dissec-
tion.” Residual dissection after ascending aorta/hemiarch 
replacement for acute Type A dissection is also included in 
this category, and its surgical indications and procedures 
are described in this section. In addition, patients with 
Type B dissection are defined as “those without dissection 
in the ascending aorta.” However, patients with an entry 
in the arch and Type B dissection patients with a false 
lumen in the arch tend to be classified as those with “non-A 
non-B dissection”.1443

a. Approach
In median sternotomy, the treatment range of the general 
open surgery covers from the arch to the distal aortic arch. 
The entry of the descending aorta can be closed with a 
median sternotomy by combining a total arch replacement 
with the insertion of FET into the true lumen of the 
descending aorta. On the other hand, with left thoracotomy, 
the descending aorta and subsequently, the abdominal 
aorta can be reached from the distal arch. In addition, 
operation in the pericardial sac and surgical operation on 
the aortic arch can be performed with left thoracotomy. 
Patients with non-A non-B dissection require a surgical 
operation to the ascending/aortic arch, for which staged 
surgery is performed, with total arch replacement with 
median sternotomy in the initial stage and surgery on the 
descending aorta in the second stage. In the initial stage 
of surgery, ET or FET that induce blood flow in the true 
lumen or both lumina of the descending aorta is performed, 
in addition to total arch replacement. In the second stage 
of the surgery, TEVAR is added for the true lumen of the 
descending aorta, or open surgery with left thoracotomy 
(descending aortic replacement or thoracoabdominal aortic 
replacement) is performed. One-stage surgery is selected 
for patients who can undergo extended surgery, such as 
young patients, or patients with a high risk of or difficulty 
in staged surgery (giant descending aortic aneurysm or 
impending rupture).1218,1219

b. Anastomotic Methods
See the section on chronic Type A dissection (“2.3.2 Aortic 
Arch” in this chapter).

c. Complications
In surgery for extensive chronic Type B dissection from the 
arch to the thoracoabdominal aorta, attention must be 
paid to cerebral infarction and SCI.

Normal heart-lung machine operation can be performed 
in the median sternotomy approach; however, the selection 
of the blood perfusion site is important because of the 

presence of the false lumen in the aortic arch. The axillary 
artery,1213,1214 femoral artery, and cardiac apex blood 
supply can be selected for blood perfusion site in addition 
to the ascending/aortic arch. In this procedure, attention 
must be paid to organ blood flow failure due to retrograde 
perfusion via the femoral artery and dispersion of thrombus 
in the false lumen. Hypothermia is introduced by a heart-
lung machine, and selective cerebral perfusion and 
retrograde cerebral perfusion are used as a cerebral 
protection method. The establishment of selective cerebral 
perfusion may be difficult in patients whose dissection has 
spread to the arch branch, and it is important to maintain 
reliable cerebral perfusion, such as prior perfusion after 
suturing a prosthetic graft. In patients with false lumen 
thrombus in the branch, attention must be paid to cerebral 
infarction due to thrombus dispersion.

Femoral artery blood perfusion is the first choice in the 
left thoracotomy approach; however, it has a risk of 
embolism due to the dispersion of false lumen thrombus 
caused by retrograde perfusion. The axillary artery, as well 
as the ascending aorta and cardiac apex,1215 can also be 
selected as the anterograde blood perfusion site. Basically, 
hypothermia is used for cerebral protection. There is a 
procedure that does not perform aortic arch clamping by 
using retrograde cerebral circulation with hypothermic 
circulatory arrest or the Takamoto method,1444 while 
another method performs cerebral perfusion by deploying 
a blood supply tube with a balloon in the aortic arch. 
Anterograde cerebral perfusion, in which anterograde 
blood supply is carried out from the axillary artery and the 
ascending aorta by clamping the aortic arch, has been 
performed. However, the left thoracotomy approach has a 
more unstable cerebral/cardiac protection effect than 
median sternotomy, and particular attention must be paid 
to cerebral infarction. The Takamoto method, originating 
in Japan, is a cerebral protection method that performs 
retrograde cerebral perfusion by clamping the descending 
aorta to be replaced, carrying out blood perfusion from the 
femoral artery, and raising the right atrial pressure to 
15–25 mmHg in the Trendelenburg position.

SCI is also a serious complication. In median incision 
surgery, FET is often performed in addition to total arch 
replacement. Intercostal artery occlusion by FET and 
intercostal artery occlusion associated with false lumen 
thrombosis are considered to be the causes of SCI. Late 
SCI, which occurs after surgery, has also been reported.1408 
The incidence of SCI is high in patients with an extensive 
surgical range from the descending aorta to the thoracoab-
dominal aorta.1445 In the 2015 annual report of JCVSD, the 
incidences of SCI in chronic aortic dissection surgery were 
1.5% for open surgery and 7.1% for hybrid surgery.711 
Several cases of hybrid surgery are performed with FET, 
and attention must always be paid to SCI associated with 
FET, even in chronic Type B dissection.

  ▋ 3.4.2 Endovascular Treatment
In patients with chronic Type B dissection requiring surgical 
operation for the arch and for TAAA across the diaphragm, 
stent graft (SG) may be used on some or entire area to 
minimize the invasiveness. The same applies to patients 
whose dissection remains in the arch after ascending 
replacement or partial arch replacement for Type A 
(DeBakey type I) dissection. Total arch replacement is 
performed when there is leakage at the distal anastomosis 
site of ascending replacement or partial arch replacement 
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for Type A dissection, when an entry remains in the arch 
or arch branch, and when an entry in the proximal 
descending aorta can be resected by a median sternotomy. 
If ET or FET is deployed in such a procedure, it can be 
used in subsequent TEVAR for descending aortic lesions.

On the other hand, an entry in the proximal descending 
aorta can be closed by TEVAR, and when occluding the 
arch branch, the hybrid treatment that first performs bypass 
surgery is generally selected. There have been some reports 
of TEVAR using branched SG. Therefore, it has recently 
been recommended to select partial arch replacement in 
the initial surgery, which replaces only the brachiocephalic 
artery or the brachiocephalic artery and the left common 
carotid artery, instead of simple ascending replacement and 
hemiarch replacement. This procedure does not require 
total arch replacement for subsequent similar issues, and 
they can be solved by a hybrid treatment.

If an entry cannot be easily achieved with a median 
sternotomy, the entry can be closed by simple TEVAR 
without the need for arch branch bypass. However, since 
the proximal landing zone is often dissected, it poses a 
concern about injury to the dissection flap, and the oversizing 
of SG diameter to a smaller extent is desirable.416

Complete endovascular treatment can be performed on 

patients with TAAA by using branched SG. However, 
since the device itself has not been approved for insurance 
coverage in Japan, it is indicated for hybrid treatment in 
which TEVAR is performed in combination with abdominal 
branch bypass surgery. Also, when anastomosing prosthetic 
graft to SG, it is possible to anastomose SG alone; however, 
the prevention of hemorrhage and stabilization of SG can 
be achieved by anastomosing with the aortic wall around 
the SG.1446 Since an autologous expandable stent is used 
for SG, it can be expanded again when the clamping by 
forceps is released.

Although the treatments mentioned above are performed 
in combination, prosthetic graft replacement for the arch 
region and TEVAR for descending/thoracoabdominal 
region are generally performed in stages. Complete 
endovascular treatment of the arch, descending, and 
thoracoabdominal regions, as well as hybrid treatment 
with TEVAR for descending/thoracoabdominal region 
combined with abdominal branch bypass surgery, can be 
performed in one stage. However, whether it is performed 
in one or multiple stages is carefully considered by examining 
the deployment length of SG, SCI due to deterioration of 
hemodynamics, such as hemorrhage, and the invasiveness 
of abdominal branch bypass surgery.

VII. Issues Associated With Aortic Surgery

1. Cerebral Protection

Cerebral protection has to be performed as an auxiliary 
means when the open distal technique is required for 
ascending aortic replacement or aortic arch replacement, 
or when the open proximal technique is required to 
approach the distal aortic arch under left thoracotomy. 
Cerebral protection can be performed with profound 
hypothermic circulatory arrest alone; 595 however, it leads 
to a time constraint. In particular, as total aortic arch 
replacement requires long-term cerebral protection, 
anterograde selective cerebral perfusion (ASCP/SCP)596 or 
retrograde cerebral perfusion (RCP)598 has been added as 
a safer method, leading to improved results (Class IIb).1447

In the general method of SCP, a cannula with a balloon 
is inserted into the brachiocephalic artery, left common 
carotid artery, and left subclavian artery under hypothermia 
at approximately 20–22°C; and the brain is perfused in an 
anterograde manner using a flow rate of 10 mL/kg/min.596 
Because of its safety, surgery under moderate hypothermia 
at 25–28°C has also been performed recently (Class 
IIb).603,1448 However, even if the minimum body temperature 
is raised to 28°C, its significant clinical advantages 
compared to the results at lower temperature settings have 
not been demonstrated.1449 In addition, hypothermia is 
considered essential in RCP, and the brain is perfused in 
a retrograde manner via the superior vena cava under 
ultra-hypothermia at approximately 18°C using the central 
venous pressure of 15–20 mmHg.

In RCP, cerebral protection is thought to have a time 
constraint of up to 60 min, and the arch first technique 
(reconstruction of the arch branch is followed by anasto-
mosis of the peripheral and subsequently central regions) 

is used as a solution to the constraint.601 In addition, 
regarding the definition of hypothermia in aortic surgery, 
an expert consensus was published, which defined 
“profound,” “deep,” “moderate,” and “mild” nasopharyn-
geal temperatures as “14°C or lower,” “14.1–20°C,” “20.1–
28°C,” and “28.1–34°C,” respectively.1450 These criteria 
are expected to be used in future academic reports. The 
usefulness of RCP was not demonstrated in an RCT with 
profound hypothermic therapy alone (Class Ib),1451 and an 
increased incidence of transient cerebral disorders was 
observed in an RCT with SCP (Class IIa).1071 In addition, 
the matched paired analysis of the Japan Cardiovascular 
Surgery Database showed that RCP extended the length of 
ICU stay.585

Because of these results, SCP with physiological perfusion 
and less time constraints has become the most widely used 
cerebral protection method in Japan. On the other hand, 
the insertion of cannulas into the arch branches during 
SCP is not required in patients with a limited time of 
profound hypothermic circulatory arrest, such as ascending 
replacement using hemiarch replacement or open distal 
anastomosis, and some facilities use the RCP method, which 
is simple and capable of reducing the risk of embolism.

Observation of the regional cerebral oxygen saturation 
(rSO2) over time using near-infrared spectroscopy is useful 
for intraoperative monitoring, in addition to the observa-
tion of temperature (tympanic/nasopharyngeal temperature 
and bladder/rectal temperature) and perfusion pressure 
(such as left and right radial arterial pressure, cannula tip 
pressure, and lower-limb artery pressure). Also, the selection 
of an aortic return site during extracorporeal circulation, 
operation of the arch branch during insertion of cannulas 
for SCP or reconstruction, and prevention of cerebral air 
embolism during circulatory arrest and extracorporeal 
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circulation resumption are important preventive measures 
for cerebral complications, and require careful handling.

2. Spinal Cord Protection (Table 44)

The causes of ischemic spinal cord injury (ischemic SCI) 
during the aortic perioperative period include decreased 
blood flow associated with temporary/permanent occlusion 
of the feeding artery and embolism; additionally, there are 
immediate and delayed-onset ischemic SCI, depending on 
the time of onset. Spinal cord protection requires a correct 
understanding of the various pathological conditions of 
ischemic SCI and approach from various angles.

 ▋2.1  Anatomical Characteristics of Spinal Cord 
Blood Supply

The arterial blood supply to the human spinal cord consists 
of a longitudinal anterior spinal artery and a pair of poste-
rior spinal arteries (Figure 65). The anterior spinal artery, 
which nourishes most of the gray matter and the ventrolat-
eral funiculus, is important, and communication between 
the two is poor except for the medullary cone region 
(terminal region).1462

The anterior spinal artery is embryologically a connection 
between the anterior radicular arteries derived from the 
segmental arteries.1463 Since numerous anterior radicular 
arteries regress during the fusion process, an average of 
only 6–8 radiculomedullary arteries (anterior radicular 
arteries that reach the spinal cord) remain.1462,1463 The 
anterior spinal artery becomes thinner from the caudal 
side of the T4 level and becomes thicker from the caudal 
side of the Adamkiewicz artery junction described subse-
quently.1462,1464 Therefore, the thoracic spinal cord level is 

vulnerable to ischemia (critical zone1462,1464), and severe 
spinal cord ischemia caused by prolonged simple clamping 
results in paraplegia from around the T4 level.

In the cervical spinal cord/T1-T2 thoracic spinal cord, 
the anterior radicular artery branches from the subclavian 
artery system (vertebral artery, costocervical trunk-deep 
cervical artery/supreme intercostal artery, and thyrocervical 
trunk-ascending cervical artery), or from the ascending 
pharyngeal artery of the external carotid artery system in 

Table 44. COR and LOE for Spinal Cord Protection in the Invasive Treatment of Aortic Aneurysm/Aortic 
Dissection

COR LOE

 In open surgery for extensive descending/thoracoabdominal aortic replacement, it is recommended 
to perform cerebrospinal fluid drainage if it is not contraindicated652,1452 I B

 It is recommended to perform cerebrospinal fluid drainage for delayed-onset spinal cord 
injury682,1453,1454 I C

 The preoperative identification of spinal feeding arteries by non-invasive examinations, such as 
contrast-enhanced MRI and contrast-enhanced CT, should be considered165,1455 IIa C

Preservation or reconstruction of identified feeding arteries should be considered165,1455 IIa C

 Intercostal artery reconstruction should be considered for extensive thoracoabdominal aortic 
replacement1408,1456 IIa C

Distal aortic perfusion should be considered for beating-heart surgery1457 IIa C

 Intercostal artery reconstruction utilizing the epidural network by small-range segmental clamping 
should be considered1458,1459 IIa C

Staged surgery should be considered for patients who do not require one-stage surgery1411 IIa C

 Cerebrospinal fluid drainage should be considered in TEVAR for patients at a high risk of spinal 
cord injury, if it is not contraindicated1460 IIa C

 Continuous intravenous administration of naloxone during the perioperative period may be 
considered1461 IIb C

Electrophysiological monitoring of the spinal cord function may be considered671,1456 IIb C

COR, class of recommendation; CT, computed tomography; LOE, level of evidence; MRI, magnetic resonance 
imaging; TEVAR, thoracic endovascular aortic repair.

Vertebral artery

Cervical radiculomedullary 
artery

(Thoracic radiculomedullary 
artery)

Epidural arcade

Adamkiewicz artery

Lateral sacral artery

Figure 65.  Anatomical characteristics of the spinal cord 
blood supply.
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some cases.1462–1464 Therefore, perfusion/preservation of 
the left subclavian artery is important for spinal cord 
protection.

At the thoracic spinal cord/lumbar spinal cord level, the 
anterior radicular arteries are derived from the segmental 
arteries (3rd intercostal–4th lumbar artery), of which 1–2 
become radiculomedullary arteries.1462,1464 Of these, the 
thickest and most important one at the lower thoracic 
spinal cord/upper lumbar spinal cord level is called the 
Adamkiewicz artery. While 3/4 of this originates from 
T9-T12, 3/4 originates from the left side.1462 The radiculo-
medullary artery derived from the segmental arteries 
exhibits a characteristic hairpin curve. This is because (1) 
it ascends in the spinal canal due to the difference in growth 
between the vertebra and spinal cord and (2) the artery 
takes a continuous morphology to the caudal side since the 
anterior spinal artery on the cranial side of the radiculom-
edullary artery junction has a small diameter. Therefore, 
the blood flow through the Adamkiewicz artery is mainly 
distributed in the lumbar spinal cord, and its involvement 
in the blood flow of the lower thoracic spinal cord is 
considerably small.1464 The segmental arteries form vertical 
and horizontal anastomoses inside and outside the spinal 
canal. Anatomically, anastomosis outside the vertebral 
body is predominant in the longitudinal direction, whereas 
anastomosis inside the spinal canal and epidural anasto-
mosis are predominant in the lateral direction.1463 Due to 
the presence of this abundant network, the occlusion of 
one segmental artery that branches off the Adamkiewicz 
artery does not cause SCI in most patients. This has been 
known as the alternative pathway since the early 1970s.1464

At the sacrum bone level, the segmental arteries are 
reconstructed into the lateral/median sacral artery, and the 
5th lumbar artery branches from the median sacral artery 
and the iliolumbar artery.1463 The lateral sacral artery is 
most important for spinal cord blood flow, and serves as 
the source of blood flow from the cauda equina to the 
medullary cone region.1462,1464 Therefore, internal iliac artery 
blood flow is important for spinal cord blood flow.

 ▋2.2 Pathophysiology of Ischemic Spinal Cord Injury
  ▋ 2.2.1 Immediate and Delayed-Onset Injury

There are immediate and delayed-onset ischemic SCI. An 
immediate SCI is irreversible injury to the spinal cord due 
to intraoperative spinal cord ischemia. While it may be 
caused by permanent ischemia, such as suture closure of 
the feeding arteries and embolism, transient ischemia may 
also cause an irreversible injury if the tolerance time is 
exceeded. Experimentally, ischemic tolerance time is 
considered to be approximately 5–10 min at normothermia. 
Clinically, however, there is a difference in the degree of 
ischemia due to the presence of collateral blood flow, and 
it is difficult to determine the spinal cord temperature. In 
addition, due to the presence of collateral blood flow, 
non-reconstruction of the segmental artery does not mean 
permanent ischemia.

The factors of the delayed-onset SCI include postop-
erative feeding-artery occlusion (such as the occlusion of 
the reconstructed artery and occlusion associated with 
the progression of false lumen thrombosis in dissection), 
postoperative increase in the cerebrospinal fluid pressure 
associated with spinal cord edema,1465 and decrease in spinal 
cord perfusion pressure associated with the deterioration 
of hemodynamics.1462 In the latter pathological condition, 

the volume of spinal blood flow, which had decreased to the 
injury-occurrence borderline dependently on the collateral 
blood flow due to surgery, is thought to have further 
decreased to the injury-occurrence level due to the post-
operative deterioration of hemodynamics. Experimentally, 
the blood flow reserve of the collateral flow after total 
closure of the segmental arteries remains insufficient up to 
approximately 72 h after surgery,1466 and it has been shown 
that it does not meet the increased demand for blood flow 
after surgery. Clinically, the delayed-onset SCI is often 
seen in procedures that do not reconstruct the segmental 
artery1467 and TEVAR.679 Additionally, it has been 
reported that the proportion of delayed-onset SCI of these 
procedures exceeds 80%.679,1467 As its countermeasure, it is 
recommended to maintain high-blood pressure manage-
ment + cerebrospinal fluid drainage for three days after 
surgery in patients with non-reconstruction of the segmental 
artery.1466,1468,1469 Experimentally, the delayed-onset SCI may 
be caused by apoptosis due to intraoperative ischemia1470 
and reperfusion injury, and they have been the pharmaco-
logical targets for spinal cord protection.

  ▋ 2.2.2 Effectiveness of Collateral Flow
The effectiveness of collateral flow during feeding-artery 
occlusion depends on the anatomy, modification by lesions 
and previous surgery, hemodynamics, and surgical strategy. 
The collateral flow is mediated by the anterior spinal 
artery, network within the spinal canal (epidural arcade), 
or network outside the spinal canal. In addition to these, 
some patients have a developed extrathoracic collateral 
flow as a result of modification by lesions and previous 
surgery.

The collateral blood flow mediated by the anterior 
spinal artery does not easily distribute from the caudal side 
to the cranial side of the Adamkiewicz artery because the 
anterior spinal artery narrows on the cranial side of the 
hairpin-shaped Adamkiewicz artery. This is the reason 
why distal aortic perfusion cannot always prevent SCI.1471 
On the other hand, approximately 40% of patients have a 
second radiculomedullary artery on the caudal side of the 
Adamkiewicz artery (several are derived from the lumbo-
sacral segmental artery).1472,1473 This second feeding artery 
often does not have a hairpin shape and joins the anterior 
spinal artery from the caudal side (without the narrowing 
on the cranial side from the junction).1473 In such cases, 
the blood flowing from the distal radiculomedullary artery 
to the anterior spinal artery is thought to reach the 
Adamkiewicz artery region, even if the Adamkiewicz 
artery is blocked. In fact, it was shown that patients with 
a second feeding artery could avoid spinal cord ischemia 
by distal aortic perfusion and prevention of a steal 
phenomenon.1473

The collateral flow mediated by the epidural arcade is 
always present between the vertical and horizontal adjacent 
segmental arteries. It is commonly observed that the 
segmental artery with weak back-bleeding exhibits vigorous 
back-bleeding during surgery after the closure of the 
surrounding segmental arteries. Experimentally, it has also 
been shown that the collateral blood flow mediated by the 
epidural arcade functions immediately after the occlusion 
of the Adamkiewicz artery.1474 Therefore, a strategy that 
utilizes collateral blood flow mediated by the epidural 
arcade from the adjacent intercostal artery is advantageous 
for the reconstruction of the intercostal artery that connects 
to the Adamkiewicz artery. One of such methods is the 
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small-range segmental clamping,1458,1459 which has been 
developed in Japan.

The collateral blood flow mediated by the network 
outside the spinal canal does not function immediately 
after the occlusion of the feeding artery, and it has been 
experimentally shown that it requires some time for the 
opening of the channels.1474 On the other hand, a clinical 
study measuring the peripheral intercostal arterial pressure 
after the closure of the intercostal artery showed signifi-
cantly decreased peripheral intercostal arterial pressure in 
the transition from pulsatile flow to steady flow.1475 This 
suggests that maintaining a favorable pulsatile flow in the 
distal aorta may improve the volume of the collateral blood 
flow mediated by the network outside the spinal canal, 
even in the acute phase. This may be a factor for the low 
incidence of SCI in TEVAR despite the non-reconstruction 
of the segmental artery. Therefore, it is suggested that a 
strategy to maintain pulsatile flow in the distal aorta may 
be effective even in open surgery.

Since an extrathoracic collateral flow also develops after 
the occlusion of the segmental arteries, it may take some 
time before sufficient blood flow is supplied. Yoshioka et 
al. showed on imaging that the collateral flow derived from 
the thoracodorsal artery, which had not been present 
before the surgery, developed postoperatively after occluding 
the Adamkiewicz artery by TEVAR.1476 Griepp et al. 
experimentally showed an increase in the network outside 
the spinal canal and extrathoracic collateral circulation 5 
days after the occlusion of the segmental arteries.1477 To 
utilize the extrathoracic collateral circulation, a staged 
surgery preserving the artery that serves as the source of 
the extrathoracic collateral circulation is considered 
advantageous. Etz et al. reported that a staged surgery 
significantly reduced the incidence of SCI despite its more 
extensive occlusion of the segmental arteries than one-stage 
surgery.1411

  ▋ 2.2.3 Collateral Network Concept
The collateral network concept proposed by Griepp in 
20071478 states, “Since the spinal cord has many inflow 
arteries and abundant collateral flow inside and outside the 
spinal canal, the blood flow does not depend on a single 
artery, and it is important to maintain collateral blood 
flow.” This anatomical/hemodynamic fact has been known 
since the 1970s. In clinical settings, Acher reported in 1990 
that the incidence of SCI was 5% even in Crawford type II 
using the strategy of segmental artery non-reconstruction  
+ cerebrospinal fluid drainage (+naloxone).1461 Additionally, 
Borst stated in his textbook in 1996, “The segmental 
artery should be closed to the earliest extent possible to 
prevent a steal.”

This concept is often expressed by using a model of 
pouring water from multiple faucets into one water tank. 
However, this model is applicable to cases in which the 
anterior spinal artery lacks a narrow area, and even if it is 
present, it is applicable only to cases with developed 
collateral flow due to the presence of the second radiculo-
medullary artery or modification by previous surgery, 
which are thought to account for approximately 40% of all 
cases.1473 A model that connects multiple water tanks by a 
thin pipe, instead of one water tank, is more suitable for 
the remaining 60% of cases (Figure 66).1459 The presence of 
a thin connecting pipe (a narrow area of the anterior 
spinal artery on the cranial side of the Adamkiewicz artery 
junction) is one of the major factors for inadequate spinal 

cord protection with distal aortic perfusion alone,1471 and 
it also leads to several cases of delayed-onset SCI in the 
procedures that do not reconstruct the segmental artery. 
Therefore, while the collateral network concept shows that 
the spinal cord blood flow does not depend on a single 
artery, it does not deny the reconstruction of the segmental 
artery that serves as the source of collateral blood flow. 
The interpretation that “reconstruction of the segmental 
artery is meaningless” is incorrect.

  ▋ 2.2.4 Mechanism of Injury Development by Procedure
The main cause of SCI in open surgery with segmental 
artery reconstruction is spinal cord ischemia during 
reconstruction.1479,1480 Therefore, it is caused by spinal cord 
ischemia exceeding the tolerance time, even transiently, as 
a result of a prolonged aortic cross-clamping time due to 
the time required for reconstruction (the time it takes for 
pulsatile flow to recover in the collateral flow derived from 
the distal aorta is prolonged), despite the inability to 
maintain sufficient collateral blood flow during recon-
struction. Therefore, several such cases result in immediate 
SCI.1459 Other causes of injury development are thought to 
include embolism associated with the operation of shaggy 
aorta1481 and ischemia associated with occlusion of the 
reconstructed segmental artery.

The main cause of SCI in the procedures that do not 
perform segmental artery reconstruction is the perioperative 
decline in blood flow associated with feeding artery closure. 
Because this is influenced by the volume of collateral blood 
flow, it depends on the anatomy, modification by lesions 
and previous surgery, hemodynamics, and surgical strategy. 
Ischemia occurs not only intraoperatively, but also post-
operatively, and it often takes the form of a delayed-onset 
injury.

In open surgery without segmental artery reconstruction, 
it is advantageous to minimize a steal, shorten the aortic 
cross-clamping time, and sequentially close the segmental 
arteries from the outside prior to the aneurysm incision, 
with the expectation of opening the channels of collateral 
flow to some extent.1482,1483 In non-reconstruction of the 
segmental artery, the application of deep hypothermia 
cannot take full advantage of the extension of ischemic 
tolerance time. Additionally, it has the disadvantage of a 
decreased collateral blood flow due to low pressure/steady 
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Figure 66.  The water tank model of the collateral network 
concept. (Adapted from Shiiya N, et al. 2019.1459) © 2019 The 
Japanese Association for Thoracic Surgery. https://link.
springer.com/journal/11748.
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flow perfusion during rewarming. Thus, considering its 
invasiveness, it is not an ideal option in open surgery 
without segmental artery reconstruction.

TEVAR is intraoperatively more advantageous than 
open surgery due to the lack of aortic cross-clamping, 
maintained pulsatile flow in the distal aorta, and the 
absence of the steal phenomenon. However, sufficient 
caution is needed for injury caused by embolism.1481 On the 
other hand, spinal cord blood flow becomes dependent on 
the collateral blood flow after surgery since the segmental 
artery cannot be reconstructed, and it has a risk of delayed-
onset SCI for several days. Also, the risk becomes higher 
with a longer coverage length, because the source of 
collateral blood flow decreases. In the EUROSTAR registry, 
the overall risk of paraplegia is 2.5%; however, it has an 
odds ratio of 3.5 with three or more devices, which cannot 
be considered advantageous over open surgery.688 This is 
particularly prominent when covering the Adamkiewicz 
artery.1455

There are various causes of SCI associated with the FET 
method. Given that deeper distal deployment594,1484 and 
non-perfusion of the left subclavian artery746 are risk factors, 
a decrease in the collateral blood flow dependent on the 
coverage length is also considered a cause, as in TEVAR. 
However, in the 1990s, even shallower deployment 
frequently caused injuries, showing its unique causes. 
Embolism, including air and atheroma, is thought to be 
involved, given that measures to fill the aorta with distal 
perfusion during deployment is effective.594,1484 In addition, 
in some cases of dissection, SCI is associated with rapid 
thrombus occlusion of the false lumen.

 ▋2.3 Spinal Cord Protection Method
  ▋ 2.3.1  Identification, Preservation, and Reconstruction of 

the Spinal Cord Feeding Artery
Although selective intercostal/lumbar arteriography was 
previously used, it did not become widely used because of 
its low identification rate of 55–89% and SCI that could be 
caused by the examination itself.1462 Recently, examinations 
using minimally invasive multidetector row CT (MDCT) 
and contrast-enhanced MRI have become widely used, and 
they have an identification rate of 70–94%.119,165,166,1460,1485

With the dissemination of the collateral network concept, 
the misunderstanding that the identification/reconstruction 
of such feeding arteries is meaningless has spread. However, 
this concept essentially indicates that the spinal cord blood 
flow does not depend on a single artery, and it does not 
deny the reconstruction of the segmental artery, which is 
the source of collateral blood flow. Several studies have 
reported that non-reconstruction of the intercostal artery 
is a risk factor for the development of SCI in open surgery 
of extensive TAAA.1408,1456 A multicenter joint study in 
Japan also concluded that the preservation/reconstruction 
of the preoperatively identified Adamkiewicz artery 
reduces the incidence of SCI.165 In addition, coverage of 
the patent Adamkiewicz artery was shown to be a risk 
factor for the development of SCI, especially if the length 
of treatment is long, even in TEVAR.1455

Intraoperative identification of the spinal cord feeding 
arteries has been attempted using a combination of 
segmental aortic cross-clamping and electrophysiological 
monitoring,1480,1486 or infusion of a cold crystalloid solution 
into the clamping segment and the reconstructed artery 
combined with electrophysiological monitoring1487 or an 

epidural temperature sensor. However, the significance of 
intraoperative monitoring is changing, as the feeding 
arteries can now be identified preoperatively with minimal 
invasiveness.

  ▋ 2.3.2 Electrophysiological Monitoring
Clinically, intraoperative monitoring of spinal cord 
function has been attempted using somatosensory evoked 
potential1486 and evoked spinal cord potential1480,1488 since 
the 1980s. However, despite its simplicity, the somato-
sensory evoked potential monitors the sensory nervous 
system, including the peripheral nerves and brain, because 
of peripheral nerve stimulation-cortical sensory area deri-
vation, and it has low sensitivity and specificity.1489 Evoked 
spinal cord potential, which is spinal cord stimulation-spinal 
cord derivation by two epidural electrodes, is spinal cord-
specific and highly resistant to anesthesia, with a favorable 
specificity. However, its problems include epidural hema-
toma and inability of monitoring due to poor electrode 
position in some cases. In addition, it is disadvantageous 
that it requires a long time from ischemia to potential 
change because it reflects the function of the spinal tract 
rather than the spinal motor neurons.1488

Since the latter half of the 1990s, train stimulation has 
been introduced into transcranial electric stimulation, and 
motor-evoked potential has also become widely used in the 
field of aortic surgery.673 This monitors the motor function 
of motor cortex stimulation-limb electromyographic deri-
vation, and it is currently used most frequently due to its 
high sensitivity and rapid response to ischemia.1488 However, 
it is easily affected by anesthetic agents, and care must be 
taken in anesthesia management. Also, it is affected by the 
brain, peripheral nerves, and neuromuscular junction, and 
its specificity and stability pose a problem. Therefore, some 
measures have been taken to improve its stability, such as 
transesophageal stimulation;1490,1491 however, it is still in 
the stage of clinical research.

Electrophysiological monitoring was applied in the 
1990s for the identification of the segmental artery to be 
reconstructed;1480,1486 however, its significance has changed 
with the advent of non-invasive preoperative identification 
of the feeding artery. Therefore, the monitoring of sufficient 
intraoperative collateral blood flow and proper recon-
struction of the segmental artery has become the main 
objective.671,1456 For this purpose, oxygen saturation moni-
toring of the erector spinae muscles using near-infrared 
spectroscopy has been attracting attention in recent years 
as monitoring of collateral blood flow mediated by the 
network outside the spinal canal.1492,1493

  ▋ 2.3.3 Distal Aortic Perfusion
Distal aortic perfusion has been used in combination with 
segmental aortic reconstruction to reduce the total clamping 
time of the segmental artery by maintaining segmental 
artery perfusion during proximal aortic anastomosis. 
However, distal aortic perfusion alone was found to be 
insufficient as a measure against ischemia during segmental 
artery reconstruction. In the era of the collateral network 
concept, the purpose of distal aortic perfusion has changed 
to the maintenance of a high volume of spinal cord 
collateral blood flow during aortic cross-clamping, including 
during segmental artery reconstruction. Therefore, it is 
recommended to maintain high proximal blood pressure 
and distal perfusion pressure during aortic cross-clamping/
distal aortic perfusion.1483 This has been the basis of surgical 
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strategy, along with cerebrospinal fluid drainage + segmental 
artery steal prevention, when selecting surgery under aortic 
cross-clamping.1457,1483 In addition to these, strategies to 
utilize collateral blood flow mediated by the epidural 
arcade (such as segmental artery reconstruction by small-
range segmental clamping1458,1459) and devises to utilize 
pulsatile flow on the distal side have been implemented in 
Japan.

  ▋ 2.3.4 Prevention and Perfusion of Segmental Artery Steal
Steal of spinal cord collateral blood flow due to back-
bleeding from the segmental artery during reconstruction 
has been known to be an important factor of SCI since the 
1980s.1494,1495 Therefore, back-bleeding from the segmental 
artery needs to be controlled promptly, except when using 
deep hypothermic circulatory arrest with a long ischemic 
tolerance time. Balloon catheter deployment from the 
lumen and clamping from the outside are used to control 
back-bleeding from the artery to be reconstructed. If the 
artery is not to be reconstructed, its prompt hemostasis is 
important. The strategy of sequentially clipping from 
outside the aneurysm prior to aortic cross-clamping is 
useful not only for opening channels of collateral flow, but 
also for avoiding a steal.1483

On the other hand, intercostal artery perfusion has been 
performed mainly when monitored spinal cord ischemia is 
not improved by steal control. Although it is difficult to 
effectively perfuse the small-diameter intercostal artery, a 
dedicated cannula is now commercially available, and the 
optimal perfusion volume was reported to be 30–40 mL/min 
at a circuit pressure of 150–200 mmHg.1496

  ▋ 2.3.5 Cerebrospinal Fluid Drainage
Since the spinal canal is a closed cavity, spinal cord perfu-
sion pressure is defined by the difference between mean 
arterial pressure and cerebrospinal fluid pressure. It has 
been reported that the spinal cord blood flow decreases 
when the perfusion pressure falls below 50 mmHg1497 
and that SCI occurs at the perfusion pressure below 
15 mmHg.1498 Cerebrospinal fluid drainage (CSFD) for 
increasing spinal cord perfusion pressure was first 
proposed by Miyamoto et al. in 1960.1499 Although some 
facilities have reported its favorable results1461,1468 it did not 
become widely used because an RCT conducted by 
Crawford et al. in 1991 concluded that 50 mL of drainage 
was ineffective.1500

CSFD has gained popularity after Coselli et al. reported 
its usefulness in 2002 using the pressure-limited drainage 
method, which is currently used clinically.652 Around this 
time, the results of several cohort studies also showed its 
usefulness in open surgery.1452 Furthermore, the improve-
ment of delayed-onset SCI by CSFD was reported in 
patients that had undergone not only open surgery,1453 but 
also TEVAR,682,1454 and CSFD has become a basic strategy 
in the era of the collateral network concept. However, its 
severe complication has been reported, including intracra-
nial subdural hematoma, an epidural hematoma, meningitis, 
tube rupture, and headache.1452 Intracranial hemorrhage is 
said to be caused by rupture of the bridging vein, and a 
high drainage volume is considered a risk factor. Therefore, 
a drainage pressure of 10–13 cm H2O or higher1501 and a 
drainage rate of <15 mL/h1452 are recommended.

  ▋ 2.3.6 Hypothermia
Although hypothermia extends the ischemic tolerance time 

of the spinal cord, Q10 (temperature coefficient) of the 
spinal cord has not been established since there is no fixed 
temperature-monitoring site that clinically serves as a 
surrogate for spinal cord temperature. Experimentally, it 
has been reported that a temperature drop of 1°C in the 
range of 34.5–38.5°C extended the ischemic tolerance time 
by 5.5 min in the rabbit model.1502

Mild/moderate systemic hypothermia with perfusion 
cooling and natural drift has been used in beating-heart 
surgery. On the other hand, surgery under deep hypothermic 
circulatory arrest for spinal cord protection has also been 
performed, mainly in cases in which proximal aortic 
cross-clamping or segmental aortic cross-clamping is 
difficult. However, deep hypothermic surgery through a 
thoracotomy surgical field showed poor results in Europe 
and the United States in the early 1990s due to limitations 
in cardiopulmonary protection and high surgical invasive-
ness.1503 Its results have improved since Kochoukos et al. 
reported its highly favorable results in the late 1990s;667 
however, there are only a limited number of facilities that 
select it as the first treatment choice.

Also, attempts of topical spinal cord cooling have long 
been made with perfusion cooling of the subarachnoid 
cavity1504 and epidural cavity.1505 Although the latter has 
been used in Japan, it is still in the stage of clinical research.

  ▋ 2.3.7 Staged Surgery
In 2010, Etz et al. reported that staged surgery reduced the 
incidence of SCI.1411 This is likely because staged surgery 
provided sufficient time for the collateral flow to develop 
after the occlusion of the segmental arteries by the initial 
surgery. Aortic pathologies that can be treated by staged 
surgery are mostly chronic aortic dissection, and it depends 
on the decision of how much downstream aortic enlarge-
ment is allowed to be left. If staged surgery is selected, it is 
important to assess the risk of second-stage surgery, which 
requires re-thoracotomy, in addition to the risk of rupture 
while awaiting second-stage surgery.

  ▋ 2.3.8 Pharmacological Protection
Several drugs have been experimentally demonstrated to 
have the effect of spinal cord protection; however, no drug 
is supported by clinical evidence. Naloxone has been 
widely applied clinically since the report by Acher et al.1461 
However, a comparative examination of its effect of spinal 
cord protection has not been reported; additionally, there 
is only supporting evidence that it suppresses the release of 
neuroexcitatory amino acids in the cerebrospinal fluid.1506 
On the other hand, the vasodilator nitroprusside has been 
shown to increase cerebrospinal pressure and to be disad-
vantageous for spinal cord protection.

3. Reoperation

 ▋3.1 After Open Surgery (Table 45)
Aortic reoperation in the thoracic and abdominal regions 
can be broadly classified into two types.1507,1508 One is the 
case in which a new lesion extends from the replacement 
site in the initial surgery or the stent-graft (SG) deployment 
site to the adjacent non-aneurysmal site, and it can be 
further divided into proximal and distal lesions depending 
on the location of the new lesion. The other is caused by 
repair or healing failure at the site of initial surgery, and 
it includes anastomotic aneurysm after open surgery 
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(prosthetic graft replacement), pseudoaneurysm on the side 
of the proximal or distal end, patch aneurysm, prosthetic 
graft infection, fistula formation in adjacent organs, 
aneurysm enlargement due to endoleak after TEVAR, the 
onset of dissection, SG infection, and fistula formation. 
Their surgical results vary depending on the complexity of 
the pathological condition; however, according to the 
annual report of the Japanese Association for Thoracic 
Surgery, the operative mortality rate at the time of reopera-
tion was 2–5 times higher than that at the time of initial 
surgery.42 Technical implementation and modifications of 
auxiliary means during reoperation are needed. However, 
TEVAR after open surgery and open surgery after 
TEVAR have often been selected in recent years, and they 
have become complementary skill sets.

  ▋ 3.1.1 Aortic Root
Pseudoaneurysm formation at the annulus suture site and 
coronary artery reconstruction site is characteristic of 
reoperation after aortic root replacement; additionally, 
minimally invasive transthoracic echography and trans-
esophageal echography are useful for its diagnosis. It may 
be difficult to capture structural changes around the 
prosthetic valve; however, electrocardiogram-gated CT 
examination is useful in such cases, with a considerably 
high diagnostic accuracy. Congenital connective tissue 
disorders, autoimmune disease, and infectious complica-
tions often lie in the background of pseudoaneurysm 
formation.1509 With the dissemination of VSRR, treatment 
intervention for valvular lesions due to exacerbation of 
aortic valve insufficiency has been increasing in the recent 
years. There have also been some reports that aortic root 
enlargement lesion after the radical cure of cyanotic heart 
disease in the field of adult congenital heart disease is 
indicated for surgery.1510 Aortic valve insufficiency due to 
long-term annulus enlargement, which is called pulmonary 
autograft failure after Ross surgery, is also indicated for 
reoperation.1511

According to a definite report on reoperation for the 
aortic root or the ascending aorta, the analysis of surgical 
results of 56–269 cases at each facility showed an early 
mortality rate of 6.0–16.4%.1509 Its mortality rate is said to 
be three times higher than that of the initial surgery in the 
same field. The large difference in the numerical values is 
thought to be due to the difference in the background of 
the disease to be treated by surgery. Risk factors during 
reoperation include NYHA cardiac functional classification 

of III or IV, age of 75 years or older, female sex, chronic 
pulmonary disease, preoperative renal dysfunction, coro-
nary artery disease requiring unplanned bypass surgery, 
perioperative myocardial infarction, urgent surgery, 
extension of extracorporeal circulation time, and 
conditions that require postoperative intra-aortic balloon 
pumping.1509

As a reoperation method, individualized procedure 
selection in consideration of the pathological condition 
and the general condition of the patient is needed. 
Pseudoaneurysm repair is often performed for anastomotic 
pseudoaneurysm by direct surgery from the same surgical 
field. However, coil embolism, closure with a plug, or 
re-TEVAR may also be selected as endovascular treatment 
if minimally invasive treatment can be selected based on 
morphological considerations.1512,1513 Prosthetic graft 
infection is generally cured by a series of treatments 
consisting of re-thoracotomy drainage, wound cleaning, 
re-replacement, omental transfer, and wound closure. 
However, if the condition of the patient is considerably 
poor, there is an option to perform vacuum-assisted wound 
closure (VAC) therapy and omental transfer, avoiding 
re-replacement with prosthetic graft or allogeneic cryopre-
served tissue (homograft).1514,1515

There are some points to note when performing the 
re-median sternotomy that is required for the open surgery 
described above. Unlike reoperation in valvular disease, 
coronary artery disease, or congenital heart disease, it is 
not uncommon for the enlarged aorta itself or prosthetic 
graft replaced in the previous surgery to adhere firmly to 
the back of the sternum. Under some anatomical situations, 
injury to the aorta or prosthetic graft cannot be avoided, 
despite careful attention in making an incision in the sternum. 
It has also been reported that the operative mortality rate 
in patients who developed massive hemorrhage during 
re-thoracotomy is as high as 47%.1516 Preoperative contrast-
enhanced CT examination is useful for grasping its 
possibility in advance, and electrocardiogram-gated CT is 
useful for a highly accurate evaluation.1509 If it is determined 
that injury to the aorta or prosthetic graft during re-
thoracotomy is inevitable, it is necessary to prepare for 
massive hemorrhage prior to re-thoracotomy by exposing 
peripheral blood vessels, such as the femoral arteries and 
veins, and establishing extracorporeal circulation in 
advance.1509 If massive hemorrhage is expected, it is 
necessary to complete the re-thoracotomy and aortic cross-
clamping operation within the tolerance time and resume 
extracorporeal circulation using deep hypothermic circula-
tory arrest in combination. If the circulatory arrest time is 
expected to be prolonged, a method of establishing selective 
cerebral perfusion by selectively cannulating the bilateral 
common carotid arteries in advance is also considered 
useful. Furthermore, given the significance of myocardial 
infarction as a cause of death in reoperation in the proximal 
site of the aorta, special attention must be paid to intraop-
erative cardioplegia.1517

  ▋ 3.1.2 Ascending/Aortic Arch
Pathological indications for reoperation after ascending 
aortic replacement and aortic arch replacement include 
anastomotic pseudoaneurysm, extension of aneurysmal 
lesion beyond the replacement site, onset of dissection, and 
prosthetic graft infection. These pathological conditions can 
similarly occur after descending aorta/thoracoabdominal 
aortic replacement. A so-called patch aneurysm after arch/

Table 45. COR and LOE for the Preoperative Examination of 
Aortic Reoperation and Extracorporeal Circulation 
Before Re-Thoracotomy

COR LOE

 Preoperative multi-slice contrast-enhanced 
CT examination should be considered IIa C

 If preoperative multi-slice contrast-enhanced 
CT examination shows that the sternum is 
adjacent to the heart/ascending aorta/
coronary artery bypass graft, the establishment 
of extracorporeal circulation via cannulation to 
the peripheral blood vessels prior to sternum 
re-incision should be considered

IIa C

COR, class of recommendation; CT, computed tomography; 
LOE, level of evidence.
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thoracoabdominal aortic replacement is a pathological 
condition in which an aneurysm forms in the surrounding 
of multiple cervical branches, intercostal arteries, and 
abdominal branch blood vessels that are end-to-side 
anastomosed to prosthetic grafts in an insular shape. An 
aneurysm around the intercostal artery may be treated 
with TEVAR; however, it has a risk of developing ischemic 
SCI. Reconstruction of individual branches or TEVAR 
after debranching the branch may be selected for the 
abdominal branch.

According to a definite report on thoracic descending 
aortic replacement as reoperation requiring re-left 
thoracotomy as well as thoracoabdominal aortic replace-
ment,1507 reoperation accounted for 10.2–30.0% of all cases 
of thoracic descending/thoracoabdominal aortic prosthetic 
graft replacement, and its early mortality rate was 8.7–
22.9%. Several have reported that this mortality rate does 
not show a statistically significant difference compared to 
that of initial surgery,1507,1518 while some have reported that 
the mortality rate was significantly higher than that of 
initial surgery.1508 In general, the proportion of patients 
with congenital connective tissue disorders, such as Marfan 
syndrome, is high in those undergoing reoperation. Because 
several of these patients belong to a relatively young age 
group, the risks associated with reoperation may be offset. 
Therefore, risk assessment during reoperation needs to 
correctly incorporate the risk factors of each patient. Also, 
it should be kept in mind that the results mentioned above 
were reported by facilities with abundant surgical experience 
in TAAA. Similarly, it has been reported that there is no 
statistically significant increase in the major complications 
during reoperation, while some have reported that the 
postoperative incidences of SCI, kidney injury, and respi-
ratory disorders are increasing. In particular, several cases 
of re-left thoracotomy cannot avoid injury to the pleura 
and pulmonary parenchyma that are firmly adhered to the 
chest wall during the dissection of the left lung from the 
surrounding tissue, which increases the risk of subsequent 
pulmonary complications, such as pulmonary hemorrhage 
and atelectasis.

 ▋3.2 After Endovascular Treatment
Migration of the stent graft (SG) into an aneurysm after 
TEVAR, endoleak, enlargement of aneurysm diameter, 
rupture, retrograde Type A aortic dissection (RTAD),417 
peripheral stent graft-induced new entry,1221,1349 infection, 
and esophageal fistula/bronchial fistula are indicated for 
reoperation.

Prosthetic graft replacement is the basic treatment for 
RTAD, infection, and esophageal/bronchial fistula, and 
prosthetic graft replacement is selected case by case for 
type I endoleaks, SG shear, SG damage, and false lumen 
enlargement after TEVAR for aortic dissection.513,1446,1519,1520

In principle, in prosthetic graft replacement for infection 
and esophageal/bronchial fistula, SG is completely removed 
during surgery. However, part of the aortic wall used as 
the landing zone of SG is generally thinned/weakened and, 
it is often difficult to use it for anastomosis after the 
removal of SG. Therefore, if there is no infection and 
complete removal of SG is not necessary, SG in the landing 
is, in principle, cut and left, which is then used for 
anastomosis together with the aortic wall.1446,1520,1521

Prosthetic graft replacement after TEVAR often requires 
urgent or semi-urgent surgery due to RTAD, infection, 
and esophageal/bronchial fistula, and treatment results for 
these have been slightly poor.1522 On the other hand, stent 
graft-induced new entry after TEVAR and aneurysm in 
the vicinity of SG can often be treated by TEVAR.1349 
With regard to the treatment of endoleaks, endovascular 
treatment (such as the additional deployment of SG, coil, 
and plug) can often be performed for type III or type I 
endoleaks that are located distant from the branch artery. 
However, approach with a catheter to the inflow blood 
vessels (intercostal artery and bronchial artery) is often 
difficult in type II endoleak, unlike that in the abdominal 
region.

In addition, various procedures of endovascular treat-
ment have recently been devised and practiced for the 
chronic-stage false lumen enlargement after TEVAR for 
aortic dissection.1523

VIII. Other Aortic Diseases

1. Hereditary Aortic Diseases

While the onset-age distribution of aortic aneurysm and 
dissection peaks at an advanced age, they are known to 
develop even at a young age. Such cases often involve family 
history, and heredity has been suggested to be involved. 
Abnormalities in the FBN1 gene were first identified in 
Marfan syndrome, which is well known to be a cause of 
early-onset aortic diseases. However, some of such patients 
do not meet the diagnostic criteria for Marfan syndrome, 
and the concept of so-called “Marfan-related diseases” has 
been established for those who cannot be diagnosed with 
Marfan syndrome despite their early-onset aortic diseases. 
As with Marfan syndrome, Marfan-related diseases are 
thought to be associated with vascular fragility due to 
genetic abnormalities, and with the progress of genetic 
analysis technology, such genetic abnormalities have been 

elucidated one after another.
As mentioned above, when patients develop aortic 

diseases at a young age (under 50 years of age), it is 
important to first consider their heredity. The differential 
diseases include juvenile hypertension, obstructive sleep 
apnea, and aortitis, and the possibility of hereditary aortic 
diseases increases if these can be ruled out. In terms of 
physical appearances, tall patients with a family history are 
suspected of having Marfan syndrome. Patients with 
Marfan syndrome were reported to account for approxi-
mately 5% of those patients with acute aortic dissection.1524 
Although Marfan syndrome is the most common hereditary 
aortic disease, accounting for more than only 50% of 
cases; and non-Marfan aortic diseases caused by genetic 
abnormalities were reported to nearly account for the 
other half.1525 However, several genetic abnormalities have 
not yet been elucidated.

While the diagnosis of each genetic abnormality is 
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discussed in the next section, hereditary aortic diseases are 
treated based on the following ideas. Genetic abnormalities 
cannot be denied simply because of the absence of family 
history. A patient may be a proband (the first patient to 
have a gene mutation in the family). Marfan syndrome 
can be clinically diagnosed using its diagnostic criteria 
(revised Ghent nosology)1526 without genetic testing. Other 
hereditary aortic diseases do not have clinical diagnostic 
criteria, and their definitive diagnosis requires genetic testing.

Genetic abnormalities include syndromic diseases (with 
some characteristics of physical findings), such as Marfan 
syndrome, Loeys–Dietz syndrome, vascular Ehlers–Danlos 
syndrome, and SMAD3 gene abnormalities, and non-
syndromic diseases (genetic abnormalities cannot be 
estimated based on the physical appearances of patients), 
such as ACTA2 gene abnormalities.

Genetic abnormalities may lead to aortic diseases at a 
young age by causing abnormalities in the media of the 
aortic wall. The degree of medial lesions, which defines the 
fragility of the aorta, varies greatly depending on the 
disease, and it is considered to be one of the determinants 
of the onset age of aortic diseases. Previously, medial 
lesions were expressed as “cystic medial necrosis (CMN).” 
However, other terms, such as cystonecrosis, cystic 
degeneration, and mucoid degeneration were also used, 
and the lack of a unified term caused confusion. Thus, the 
Society for Cardiovascular Pathology in the United States 
and the Association for European Cardiovascular Pathology 
have recently recommended the use of “mucoid extracellular 
matrix accumulation (MEMA),” which has been defined 
clearly.1527

 ▋1.1 Definition
“Hereditary aortic diseases” are aortic diseases whose 
onset is defined by heredity. However, family and relatives 
of a patient may not have aortic diseases if a new mutation 
occurs in the patient’s generation, if the disease does not 
develop despite a genetic change due to its low penetration 
rate, or if the disease does not develop in heterozygotes due 
to its recessive inheritance form. Several hereditary aortic 
diseases have autosomal dominant inheritance, and they 
are broadly divided into “syndromic” diseases, which 
show characteristic findings outside the aorta, and “non-
syndromic” diseases, whose lesions are mostly limited to 
the aorta. However, some patients may present with minimal 
changes other than aortic lesions even if the disease is 
caused by the same etiologic gene.

Histologically, hereditary aortic diseases often exhibit 
the finding of cystic medial necrosis. Mutation analysis of 
the causative genes has been emphasized in the diagnoses 
of Marfan syndrome and vascular Ehlers–Danlos syndrome; 
however, it does not necessarily identify all gene mutations 
(See “1.4 Genetic Diagnosis” in this chapter). Furthermore, 
some hereditary aortic diseases are caused by changes in 
unidentified causative genes. Also, because numerous 
diseases are caused by new mutations, detailed family 
history surveys may not reveal the heredity of the disease, 
and such mutations may not be easily distinguished from 
benign mutations (polymorphisms), which cannot be etiology 
even if their genetic changes (mutations) are identified. 
Thus, genetic analysis (testing) is not useful for all cases. 
In addition, a bicuspid aortic valve has a high familial 
incidence, and it is known to be associated with the 
development of an aortic aneurysm, having a high risk of 

developing aortic dissection. Also, some cases of bicuspid 
aortic valve were reported to be associated with mutations 
in specific genes.

 ▋1.2 Syndromic Hereditary Aortic Diseases
  ▋ 1.2.1 Marfan Syndrome

Marfan syndrome is an autosomal dominant inheritance 
disease named after the pediatrician Marfan publishing its 
report (1896),1528 and it is a systemic hypoplastic disease of 
connective tissue complicated by cardiovascular lesions, 
musculoskeletal abnormalities, and ocular lesions, which 
exhibits hereditary onset.1528,1529 With the elucidation of its 
cause and pathological conditions, the disease is known to 
develop due to a mutation in the FBN1 gene that encodes 
fibrillin-1, a major component of microfibrils.1530 Its muta-
tions are known to cause abnormalities in the formation 
and assembly of elastic fibers, as well as abnormalities in 
binding to smooth muscle cells.1531 The pathological condi-
tion is also caused by increased TGF-β signaling, which 
plays a key role in cell differentiation and proliferation, 
due to the functional change in TGF-β caused by fibrillin-1 
mutations.528,1532

Notably, 20–30% of Marfan syndrome cases are caused 
by new mutations, and not all of cardiovascular, bone and 
joint, and ocular lesions are found in some patients. With 
regard to its diagnostic criteria, the Berlin nosology was 
first proposed, followed by the Ghent nosology as its 
revised version. Furthermore, the revised Ghent nosology 
(Table 46)1526 was proposed in 2010, highlighting the 
importance of genetic testing/familial information. Its 
diagnostic criteria focus on aortic root enlargement and 
dislocation of the ocular lens (ectopia lentis) and emphasize 
the laboratory findings of the FBN1 gene. Patients presenting 
with both aortic root enlargement and ectopia lentis are 
diagnosed with Marfan syndrome even if they do not have 
a family history. Patients presenting with either aortic root 
enlargement or ectopia lentisare diagnosed with Marfan 
syndrome if they have an FBN1 mutation or a physical 
sign score of 7 points or higher. In patients with a family 
history, the diagnosis of Marfan syndrome is made based 
on ectopia lentis, a physical sign score of 7 points or higher, 
or aortic root enlargement. The physical signs are scored 
according to the items listed in Table 46;1526 additionally, 
their evaluation is made by echocardiography (mitral valve 
prolapse and aortic root enlargement), CT examination 
(systemic aortic aneurysm and dura mater expansion), 
bone radiography (scoliosis, kyphosis, and acetabular 
protrusion), ophthalmological examination (ectopia lentis), 
and genetic testing. The Z score for aortic root diameter is 
calculated by correcting for age and height/body weight 
(body surface area),1533–1535 and Marfan syndrome is 
determined by the aortic root diameter with a score of >2 
(>3 in children). However, as in other aortic diseases, it is 
also important to measure the aortic diameter and 
determine the presence or absence of dissection.

  ▋ 1.2.2 Vascular Ehlers–Danlos Syndrome
Vascular Ehlers–Danlos syndrome (Ehlers–Danlos syndrome 
type IV) is caused by abnormalities in type III collagen 
molecules due to dysfunction of the COL3A1 gene.1536 It is 
a rare hereditary disease that causes dysfunction of systemic 
organs, including various arteries, and it is diagnosed by 
clinical/imaging findings and identification of a COL3A1 
gene mutation.1537 Although it is an autosomal dominant 
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inheritance disease, its pathology is diverse because of the 
presence of new mutations and the lesions extend not only 
to the arteries, but also to organs throughout the body. Its 
characteristic finding is the thin and permeable skin, and 
patients are hemorrhagic, having a characteristic facial 
appearance and short life span. Also, sudden death due to 
the rupture of the intestinal tract or uterus and arterial 
hemorrhage is not uncommon. With the changes in the 
vasculature of the whole body, patients may develop 
dissection in the aorta, branch arteries, and cerebral arteries, 
and it is thought that there is no association between the 

arterial diameter and dissection. Non-invasive examinations 
should be performed to the greatest possible extent.

Vascular Ehlers–Danlos syndrome is diagnosed by 
characteristic clinical/imaging findings and the identification 
of pathological changes in the COL3A1 gene. Regarding 
its diagnostic criteria, the disease is suspected if a patient 
meets one of major criteria or multiple minor criteria listed 
in Table 47,1537 and its diagnosis is made by genetic testing. 
Its final diagnosis is made based on the identification of the 
etiologic mutation (variant) of the COL3A1 gene. If it 
identifies no mutation, a biochemical analysis of type III 

Table 46. Revised Ghent Nosology for the Diagnosis of Marfan Syndrome and Its Related Diseases (2010) 

In the absence of family history:

(1) Ao Note 1) (Z≥2) AND EL → “Marfan syndrome”*

(2) Ao (Z≥2) AND FBN1 gene mutation (FBN1) Note 2) → “Marfan syndrome” 

(3) Ao (Z≥2) AND Syst (≥7 points) → “Marfan syndrome”*

(4) EL AND FBN1 with known Ao Note 3) → “Marfan syndrome”*

  -  Patients with EL (with or without Syt AND with an FBN1 not known with Ao or no FBN1) are considered to have “ELS”.

  -  Patients with a mild aortic root lesion (Ao; Z<2) AND Syst (≥5 points) without EL are considered to have “myopia, mitral valve prolapse, 
aortic root dilatation, striae, skeletal findings, aortic aneurysm syndrome (MASS)”.

  -  Patients with MVP AND mild aortic root lesion (Ao; Z<2) AND Syst (<5 points) without EL are considered to have “MVPS”.

In the presence of family history: Note 4)

(5) EL AND FH of Marfan syndrome (as defined above) → “Marfan syndrome”

(6) Syst (≥7 points) and FH of Marfan syndrome (as defined above) → “Marfan syndrome*

(7)  Aortic root lesion (Z≥2 for 20 years old and over, Z≥3 for under 20 years old) AND FH of Marfan syndrome (as defined above) → “Marfan 
syndrome”*

* The diagnosis of such patients requires discrimination from related diseases, such as Shprintzen–Goldberg syndrome, Loeys–Dietz 
syndrome, and vascular Ehlers–Danlos syndrome. When these diseases are suggested based on the findings, judgement should be 
made after various examinations, such as the TGFBR1/2, collagen biochemistry, COL3A1 testing if indicated. In addition, diseases and 
genes that require discrimination may change in the future.

  Note 1) Aortic diameter at the sinuses of Valsalva above indicated Z-score or aortic root dissection

  Note 2) FBN1 gene mutation: Specified elsewhere (details are omitted)

  Note 3) FBN1 with known Ao: FBN1 gene mutation that has been identified in an individual with aortic aneurysm

  Note 4) Family history: those having an individually diagnosed propositus in the family according to (1)–(4) above

Scoring of systemic Features

Maximum total: 20 points. score ≥7 points indicates systemic involvement

• Wrist AND thumb sign 3 points

  (Either positive wrist sign or positive thumb sign 1 point)

• Pectus carinatum deformity 2 points

  (Pectus excavatum or thorax asymmetry only 1 point)

• Hindfoot deformation 2 points

  (Plain pes planus only 1 point)

• Pneumothorax 2 points

• Dural ectasia 2 points

• Portrusio acetabuli 2 points

•  Reduced US/LS AND increased arm/height AND no 
severe scoliosis 1 point

• Scoliosis or thoracolumbar kyphosis 1 point

• Reduced elbow extension 1 point

•  Facial features (3 or more out of 5): dolichocephaly, 
enophthalmos, downslanting palpebral fissures, malar 
hypoplasia, retrognasia

1 point

• Skin striae 1 point

• Myopia (over −3D) 1 point

• Mitral valve prolapse (all types) 1 point

Ao, aortic diameter; EL, ectopia lentis; ELS, ectopia lentis syndrome; FH, family history; MVP, mitral valve prolaps; MVPS, mitral valve 
prolapse syndrome; Syst, systemic score; US/LS, upper/lower segment ratio. (Adapted from Loeys BL, et al. 2010.1526) Reproduced with 
permission from BMJ Publishing Group Ltd.
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collagen of cultured fibroblasts is performed, and vascular 
Ehlers–Danlos syndrome is diagnosed upon the identifi-
cation of any abnormality.

  ▋ 1.2.3 Loeys–Dietz Syndrome
Patients with Loeys–Dietz syndrome initially present 
with physical findings similar to those of patients with 
Marfan syndrome, having a tortuous aorta and systemic 
aortic aneurysm, widely spaced eyes, and bifid uvula as the 
three main signs. However, it is an autosomal dominant 
inheritance disease without ectopia lentis, and its etiology 
was reported to be a gene mutation in the TGF-β type I/II 

receptor.1538

Patients with this syndrome present with extensive 
vascular symptoms (aortic aneurysm/dissection, small and 
medium arterial aneurysm, and congenital cardiac anomaly) 
and various skeletal symptoms, such as pectus excavatum 
or pectus carinatum, scoliosis, flaccid joint, congenital 
clubbed foot, early cranial fusion, and cervical instability 
at a high rate.1539 Its clinical features are highly broad, 
including patients with findings similar to those of Marfan 
syndrome (including a disease formerly known as type 2 
Marfan syndrome),1540 hemorrhagic patients such as those 
with vascular Ehlers–Danlos syndrome, highly hetero-
morphic patients such as those with Shprintzen–Goldberg 
syndrome, and patients diagnosed with familial aortic aneu-
rysm without non-vascular symptoms.1541 Subsequently, 
mutations in genes encoding SMAD3 and TGF-β ligands 
(SMAD3, TGFB2, and TGFB3), which make up the TGF-β 
signaling, were reported in patients with aortic aneurysm/
dissection exhibiting similar clinical symptoms.1542–1544 This 
disease concept is broad, and it differs from Marfan 
syndrome and other thoracic aortic aneurysms/dissections 
in terms of the rapid progression of a disease condition.

The differentiation of Loeys–Dietz syndrome from 
Marfan syndrome and vascular Ehlers–Danlos syndrome 
is important since some patients with Loeys–Dietz 
syndrome present with few physical findings. Some patients 
exhibit the characteristics of this syndrome as a result of 
the haploinsufficiency of these genes due to chromosome 
segmental deletion. Such patients show mild findings of 
aortic aneurysm/dissection itself. The degree and findings 
of symptoms vary widely regardless of whether patients 
have the same or different gene mutations; however, they 
have a similar overall life prognosis. On the other hand, 
rapidly progressing aortic aneurysm1545 is one of the char-
acteristics of this syndrome, and particularly, patients with 
strong craniofacial findings having a mutation in the 
TGFBR1 or TGFBR2 gene develop aortic dissection even 
with small vascular diameter.

Diseases with these gene mutations are now diagnosed/
managed as Loeys–Dietz syndrome, despite a wide variation 
in the clinical findings among patients. Its diagnosis is 
made by identifying pathological changes in the genes 
known to be its etiology (such as TGFBR1, TGFBR2, 
SMAD3, TGFB2, and TGFB3) with reference to clinical/
imaging findings. Furthermore, it should be noted that 
there may be unknown etiologic genes. Also, attention 
should be paid to the widely varying progression of aortic 
lesions among its patients.

  ▋ 1.2.4 Arterial Tortuosity Syndrome
Arterial tortuosity syndrome is a rare autosomal recessive 
inheritance disease characterized by tortuous aorta/medium-
sized artery and their extension, as well as aneurysm 
formation.1546 Patients may present with regional stenosis 
of the pulmonary artery and aorta. Also, they may exhibit 
Marfan syndrome-like skeletal characteristics, such as 
characteristic facial appearances, including a long face, 
shortened palpebral fissure, palpebral fissure inclination, 
hooked nose, high-arched palate, and maxilla, and soft 
and stretchable skin peculiar to connective tissue diseases, 
tall height, thoracic deformity, arthrochalasis, and 
arthrogryposis.

Arterial tortuosity syndrome is caused by mutations in 
the SLC2A10 gene encoding the sugar transporter 
GLUT10.1547 Its diagnosis is made based on vascular 

Table 47. Diagnostic Criteria for Vascular Ehlers–Danlos 
Syndrome (2017)

 Diagnosis is suspected with the presence of one of the major 
criteria or multiple minor criteria (especially in patients under 40 
years old)

 The following clinical findings are useful in determining the 
implementation of genetic analysis

A. Major criteria

•  Family history of vascular Ehlers–Danlos syndrome with 
documented causative variant in COL3A1;

•  Arterial rupture at a young age;

•  Spontaneous sigmoid colon perforation in the absence of 
known diverticular disease or other bowel pathology;

•  Uterus rupture during the third trimester in the absence of 
previous C-section and/or severe peripartum perineum tears

• CCSF formation in the absence of trauma

B. Minor criteria

•  Bruising unrelated to identified trauma and/or in unusual sites 
such as cheeks and back

•  Thin, translucent skin with increased venous visibility

•  Characteristic facial appearance

•  Spontaneous pneumothorax

•  Acrogeria

•  Talipes equinovarus (Clubfoot)

•  Congenital hip dislocation

•  Hypermobility of small joints

•  Tendon and muscle rupture

•  Keratoconus

•  Early onset varicose veins (under age 30 and nulliparous if 
female)

 The diagnosis of vascular Ehlers–Danlos syndrome in the 
propositus is made based on one of the following: 

(1)  Causative variants of the COL3A1 gene are identified as 
heterozygotes by genetic testing

(2)  While no causative variant of the COL3A1 gene is identified 
in a patient suspected of having vascular Ehlers–Danlos 
syndrome, abnormal production or mobility of type III 
collagen is found by biochemical analysis of type III collagen 
in cultured fibroblasts

 In addition, (1) genetic testing of the COL3A1 gene is 
recommended when a clinical diagnosis is suspected, and (2) 
genetic testing is valuable when there are clinically similar 
findings or when they are mild

 In rare cases, causative variants are identified in both alleles of 
the COL3A1 gene

 Usually, vascular Ehlers–Danlos syndrome is inherited by 
autosomal dominant inheritance

CCSF, carotid-cavernous sinus fistula. (Adapted from Malfait F, 
et al. 2017.1537)
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findings (tortuous aorta/medium-sized artery and their 
extension, as well as aneurysm formation), characteristic 
facial appearances, skin findings, skeletal findings, and 
abnormalities in the SLC2A10 gene; however, it may be 
caused by changes in unknown genes.

  ▋ 1.2.5 Other Gene Mutation-Related Diseases
Mutations in the BGN gene with X chromosome-linked 
inheritance were reported in aortic disease patients with 
physical findings similar to those of Loeys–Dietz syndrome 
patients.1548 Also, aortic diseases in osteogenesis imperfecta 
with mutations in the COL1A1 or COL1A2 gene,1549 as 
well as FLNA gene mutations with X chromosome-linked 
inheritance that are associated with heterotopia disorders 
in aortic disease patients with Ehlers–Danlos syndrome-
like physical findings or mitral valve disease,1550 have been 
reported. These gene mutations are thought to be the 
etiology of aortic diseases. Their diagnoses are made based 
on clinical findings of each disease and identification of the 
etiologic gene mutation; however, it is presumed that there 
are etiologic genes that have not been identified at present.

  ▋ 1.2.6 Turner Syndrome
Turner syndrome is caused by monosomy (deletion) of all 
or some of X chromosome.1551 Its patients (females) present 
with short height, various cardiac structure malformations, 
aortic diseases, obesity due to changes in the metabolic 
endocrine system, impaired glucose tolerance, dyslipidemia, 
and ovarian dysfunction. Hypertension due to coarctation 
of the aorta, bicuspid aortic valve, and cardiac structure 
malformations are found in 12%, 30%, and 75% of patients, 
respectively. The incidence of aortic dissection was found 
to be 100 times higher in Turner syndrome patients than in 
control. The etiologic genes for cardiovascular changes have 
not been elucidated. The diagnosis of Turner syndrome is 
made based on the characteristic clinical findings described 
above and chromosomal examination (X chromosome 
monosomy or partial deletion of X chromosome).

 ▋1.3 Non-Syndromic Hereditary Aortic Diseases
  ▋ 1.3.1 Familial Thoracic Aortic Aneurysm/Dissection

Familial thoracic aortic aneurysm/dissection is an autosomal 
dominant inheritance disease. However, it does not have a 
high penetration rate, and its hereditary/familial causes 
may be unclear in some cases, including those caused by 
new mutations. Its known causes include mutations in genes 
encoding vascular smooth muscle contraction proteins 
(ACTA2, MYH11, and MYLK).1552–1554 Patients with a 
ACTA2 gene mutation may present with cerebral arterial 
malformations similar to coronary artery disease, cerebro-
vascular disease, or moyamoya disease.1555 Patients with a 
MYH11 gene mutation may have patent ductus arteriosus,1553 
and patients with a MYLK gene mutation may develop 
dissection without the enlargement of arterial diameter. 
Also, aortic aneurysm/dissection was reported to be caused 
by a mutation in the PRKG1 gene, which encodes a 
cGMP-dependent protein kinase associated with vascular 
smooth muscle relaxation.1556 Its diagnosis is made by the 
confirmation of the mutations in the causative genes 
described above; however, attention should be paid to new 
mutations and their low penetration rate.

The ACTA2 gene encodes vascular smooth muscle α 
actin, and approximately 15% of non-syndromic familial 
TAA cases are caused by mutations in this gene.1552 In an 

analysis conducted in Japan, mutations in this gene were 
identified in approximately 20% of juvenile non-syndromic 
familial TAA patients with onset before the age of 50 
years.1557 In addition, families with ACTA2 gene mutations 
often have complications with coronary artery disease and 
cerebrovascular diseases, such as moyamoya disease. 
Complications with cerebrovascular diseases, such as 
moyamoya disease,1555 are characterized by specific ACTA2 
gene mutations. The penetration rate of aortic lesions is 
48%, which is not necessarily higher than that of Marfan 
syndrome; however, it should be noted that several studies 
have reported dissection in patients under the age of 20 
years and young individuals. The diagnosis in these cases 
is made based on the analysis of the ACTA2 gene.

On the other hand, the MYH11 gene encodes a smooth 
muscle myosin heavy chain, and its mutations have been 
reported in patients with TAA.1553 The characteristic of 
TAA caused by the mutations in this gene is thought to be 
the presence of patent ductus arteriosus; however, the 
mechanism of the disease has not been elucidated due to 
the small number of reported cases.

  ▋ 1.3.2 Bicuspid Aortic Valve
Bicuspid aortic valve (BAV) is the most common congenital 
cardiovascular structural abnormality, and it is found in 
about 1% of all births.1558 The fusion of the left coronary 
cusp and the right coronary cusp accounts for at least 70% 
of its cases. Also, the fusion of the right coronary cusp 
and the noncoronary cusp accounts for 10–20% of its 
cases, while the fusion of the left coronary cusp and the 
noncoronary cusp accounts for less than 10%. The aortic 
enlargement is more likely to be seen in patients with a 
bicuspid valve than in those with the normal valve. 
Enlargement of arterial diameter was reported to occur in 
the early stage, although epidemiological studies have not 
been sufficiently conducted. Patients with the fusion of the 
left coronary cusp and the right coronary cusp are compli-
cated by coarctation of the aorta, and BAV patients with 
coarctation of the aorta are complicated by aortic aneurysm 
and dissection at a high rate.

Mutations in the NOTCH1 gene have been reported in 
some BAV cases,1559 in which bicuspid valve with autosomal 
dominant inheritance is detected in the family of the patient. 
Also, unidentified causative genes are said to be present for 
BAV. BAV is detected by echocardiography, and aortic 
diseases are diagnosed by MRI or CT examination. 
However, they may be diagnosed by a mutation in the 
NOTCH1 gene found in genetic testing.

 ▋1.4 Genetic Diagnosis
  ▋ 1.4.1 Clinical Significance

Hereditary aortic diseases with identified causative genes 
are broadly divided into two types: “syndromic” diseases, 
in which aortic lesions are observed as symptoms of 
systemic diseases caused by hereditary connective tissue 
disorders, such as Marfan syndrome, and “non-syndromic” 
diseases, which are limited to the lesions of the vascular 
system. In the former, characteristic symptoms for each 
causative gene are often observed in the skeleton/eye/skin 
from an early stage, and their diagnosis is commonly made 
based on those physical findings. However, the onset of 
vascular manifestations tends to be delayed compared with 
that of other syndromic features, and vascular complica-
tions are often overlooked. In the latter, several cases are 
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not diagnosed until the onset of aortic dissection.
Noteworthy, several patients with hereditary aortic 

diseases develop aortic aneurysm/dissection at an early age; 
however, dissection can be prevented by early interventions, 
such as medication with oral beta-blockers and/or preven-
tive aortic root replacement surgery. In April 2016, genetic 
testing for the diagnosis of several hereditary aortic diseases, 
such as Marfan syndrome, began to be covered by national 
health insurance because of its high effectiveness in their 
early diagnosis. Furthermore, genetic counseling before 
and after genetic testing, including patient management 
and family care, is essential, and the genetic counseling 
regarding the explanation of the results of genetic analysis 
is also covered by insurance.

  ▋ 1.4.2 Causative Genes for Hereditary Aortic Diseases
Aneurysms/dissections differ in the thoracic and abdominal 
aortic regions according to the analysis of their factors. 
Several aortic aneurysms of older adults predominantly 
develop in the abdominal aorta, and their occurrence is 
associated with hypertension and atherosclerosis. Also, 
environmental factors, such as lifestyle, have a large effect 
on their onset. On the other hand, 10–20% of patients with 
abdominal aortic aneurysm/dissection have a family history, 
suggesting the involvement of genetic factors.1560 However, 
these are multifactorial diseases that involve both genetic 
and environmental factors in their onset,1561 and those 
caused by mutations in a single gene are highly rare.

On the other hand, some thoracic aortic aneurysms/
dissections (TAAD) are caused by a single gene abnormality. 

Table 48. Hereditary Syndromes Complicating Thoracic Aortic Aneurysm/Dissection (Alphabetical Order)

Group Causative  
gene

Mode of  
inheritance Related clinical disease type

Group A. Aortic aneurysm/dissection is exhibited as the main symptom

A1. Genes for syndromic aortic aneurysm/dissection 

Definitive COL3A1 AD Vascular Ehlers–Danlos syndrome

FBN1 AD Marfan syndrome

TGFB2 AD Loeys–Dietz syndrome 4

TGFBR1 AD Loeys–Dietz syndrome 1

TGFBR2 AD Loeys–Dietz syndrome 2

SMAD3 AD Loeys–Dietz syndrome 3, AOS

A2. Genes for non-syndromic aortic aneurysm/dissection

Definitive ACTA2 AD

MYH11 AD

MYLK AD

Strong LOX AD

PRKG1 AD

Group B.  Aortic aneurysm is exhibited as a side symptom; however, the risk of progressing to dissection is 
low

Moderate Limited EFEMP2 AR Cutis laxa syndrome

ELN AD Cutis laxa syndrome

FBN2 AD Beals syndrome (congenital contractural arachnodactyly)

FLNA XL Periventricular nodular heterotopia, etc.

NOTCH1 AD Bicuspid aortic valve

SLC2A10 AR Arterial tortuosity syndrome

SMAD4 AD Juvenile polyposis syndrome

SKI AD Shprintzen-Goldberg syndrome

Group C. Occasionally complicated by aortic aneurysm

Limited CBS AR Homocystinuria

COL4A5 XL Alport syndrome

PKD1 AD Polycystic kidney disease

PKD2 AD Polycystic kidney disease

Others. Novel genes whose association with aortic aneurysm/dissection has not been established

Uncertain BGN XL

FOXE3 AD

HCN4 AD Sick sinus syndrome

MAT2A AD

MFAP5 AD

SMAD2 AD

TGFB3 AD Loeys–Dietz syndrome

AD, autosomal dominant inheritance (dominant inheritance); AR, autosomal recessive inheritance; XL, X 
chromosome-linked inheritance; AOS, aneurysms-osteoarthritis syndrome.
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Typical examples are syndromic hereditary connective 
tissue disorders, such as Marfan syndrome. However, they 
account for less than 10% of all TAAD patients; addition-
ally, a significant number of cases are of non-syndromic 
aortic aneurysms with no symptoms other than aortic 
lesions. However, approximately 20% of non-syndromic 
TAAD patients have family members with TAAD,534 and 
families that develop dissection at a young age without risk 
factors, such as hypertension/atherosclerosis, may have an 
abnormality in a single gene. As a result, up to 25% of 
TAAD are caused by an abnormality in a single gene, and 
they are called “hereditary TAAD.” Because many of them 
are autosomal dominant inheritance diseases, clarification 
of their causative genes enables patient management based 
on the pathological condition, which is expected to lead to 
an early diagnosis/treatment and family screening.

In 2018, causative genes for hereditary aortic diseases 
were re-evaluated based on the risks of aortic dissection. 
As a result, 11 genes were found to have a high risk of 
developing aortic aneurysm/dissection (Group A), and 8 
genes were found to have a risk of progressing to dissection 
although the risk is not high (Group B). It also revealed 
4 genes that may be associated with aortic aneurysm/
dissection with unknown risk (Group C) and 23 genes that 
have no risk of aortic aneurysm/dissection (Group D). The 
other 7 genes whose risks could not be determined in the 
evaluation were classified as those requiring further 
examinations (recent genes)1562 (Table 48). Group A are 
the genes found to be definitively associated with HTAAD 
and are clinically actionable. Thus, the patients were found 
to be complicated by aneurysm and dissection at a high 
rate, and active clinical intervention is recommended. 
Group A is further divided into three subgroups – A1 
(definitive): causative genes of syndromic aortic aneurysm/
dissection, A2 (definitive): causative genes of non-syndromic 
aortic aneurysm/dissection, and A2 (strong): genes that are 
judged to have a considerably high risk of aortic aneurysm/
dissection based on experimental data despite the small 
number of cases. Of these, this section discusses the A1 and 
A2 genes with a relatively high frequency, having great 
clinical significance.

a. A1: Syndromic Aortic Aneurysm/Dissection
i. FBN1 Gene (15q21)
The FBN1 gene is the causative gene of Marfan syndrome, 
and it encodes a precursor protein for fibrillin-1, which is a 
major component of the extracellular matrix.1530 Fibrillin-1 
is not only an essential glycoprotein as a constituent of 
elastic fibers that make up the skin and blood vessels but is 
also thought to be involved in maintaining homeostasis of 
the vascular wall by controlling the activity of TGF-β 
signaling. As approximately 1/3 of pathogenic variants are 
mutations that inhibit peptide synthesis, such as nonsense 
and frameshift variants, several symptoms of Marfan 
syndrome can be explained by haploinsufficiency of the 
FBN1 gene.1563 In addition, patients with such a haploinsuf-
ficiency variant are more likely to develop severe vascular 
complications.1564 On the other hand, some missense vari-
ants have a dominant inhibitory effect due to the mutant 
protein. Also, several patients complicated by ectopia lentis 
(lens displacement) have cysteine-related missense variants, 
and severe cases that are diagnosed in the neonatal period 
often have missense variants in specific regions or major 
structural abnormalities.

ii. TGFBR1 (9q22) and TGFBR2 (3p24) Genes
The TGFBR1 and TGFBR2 genes are the causative genes 
of Loeys–Dietz syndrome, and they encode type I and type 
II receptors of TGF-β, respectively.1538–1540 Since the TGF-β 
signaling system is widely involved in the maintenance of 
the homeostasis of the body through the regulation of cell 
proliferation/differentiation, its abnormal regulation causes 
symptoms to appear in connective tissues of the whole 
body, mainly in the bones and blood vessels. Abnormalities 
in the TGFBR1/TGFBR2 genes generally present with a 
clinical form of syndromic aortic aneurysm/dissection. 
However, attention must be paid to patients with little 
extravascular symptoms because the symptoms vary greatly 
among patients, even if they have the same gene variant.
iii. COL3A1 Gene (2q32)
The COL3A1 gene is the causative gene of vascular Ehlers–
Danlos syndrome, and it encodes the precursor protein of 
type III collagen.1565 Type III collagen is abundant in the 
skin, lung, intestinal tract wall, and vascular wall as a major 
component of the extracellular matrix. Its pathogenesis is 
mediated by dominant inhibition or haploinsufficiency; 
however, the latter generally leads to mild pathological 
conditions.1566

iv. SMAD3 Gene (15q22)
The SMAD3 gene encodes an intracellular protein that 
acts on signal transduction as R-Smad (receptor-regulated 
Smad) downstream of TGF-β ligands. Upon activation by 
the type I receptor of TGF-β, it is translocated into the 
nucleus, and it is involved in the expression of various 
genes. The SMAD3 gene is classified as one of the causative 
genes of Loeys–Dietz syndrome; however, it is characterized 
by the findings of aneurysms-osteoarthritis syndrome with 
osteoarthritis.1542

b. A2: Non-Syndromic Aortic Aneurysm/Dissection
i. ACTA2 Gene (10q23)
The ACTA2 gene encodes vascular smooth muscle α 
actin, and approximately 15% of non-syndromic aortic 
aneurysms/dissections are caused by mutations in this 
gene.1552 Because they show little extravascular symptoms, 
it is difficult to diagnose them before onset without a family 
history. However, some gene variants have a syndromic 
clinical form with characteristic findings in cerebral blood 
vessels, ductus arteriosus, coronary arteries, iris, and 
intestinal tract, and patients with these variants require 
detailed systemic examination.
ii. MYH11 Gene (16p13)
The MYH11 gene encodes smooth muscle myosin heavy 
chain, and mutations in this gene have been reported in 
TAAD patients,1553 although the number of cases is small. 
They are sometimes complicated with patent ductus arte-
riosus; however, its mechanism has not been elucidated 
due to the small number of reported cases.

  ▋ 1.4.3 Interpretation of Genetic Test Results
With the recent rapid advancement in genetic analysis 
technology, genetic testing has become an indispensable 
examination for diagnosing hereditary diseases. In particular, 
panel analysis using the next-generation sequencing has 
become mainstream, enabling the simultaneous analysis of 
multiple candidate genes, and its testing accuracy/rapidity/
cost effectiveness now greatly surpasses those of the 
conventional Sanger method. As a result, the current 
diagnosis tends to focus more on genetic testing than on 
clinical findings. However, it is important to note that the 
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presence of a mutation (variant) alone should not be 
interpreted as a diagnosis. For example, the FBN1 gene, 
which is the causative gene of Marfan syndrome, is a giant 
gene containing 65 exons in the coding region alone, and 
has many benign variants that are not directly related to 
the disease. Caution is needed in interpreting whether the 
individual variants detected are pathogenic or not.

 ▋1.5 Open Surgery (Table 49)
  ▋ 1.5.1 Aortic Root Replacement for Marfan Syndrome

A typical hereditary aortic disease is Marfan syndrome. It 
is characterized by annuloaortic ectasia, in which the 
Valsalva sinus dilates in a pear shape, and it maintains the 
relatively normal shape of the autologous aortic valve. It 
is mainly caused by abnormalities in the FBN1 gene, and 
its early-onset is more common than that of atherosclerotic 
aortic diseases. Thus, long-term prognosis after surgery 
needs to be considered in patients with Marfan syndrome. 
Regarding its surgical criteria, a retrospective cohort study 
of Marfan syndrome patients without a surgical history 
was conducted in 2012. It showed that the risk of aortic 
events (sudden death/dissection) in those with an aortic 
diameter of below 50 mm was 0.05%/year and that the risk 
was 4 times higher in those with an aortic diameter of 
50 mm or larger. Therefore, the study recommended earlier 
preventive aortic surgery for patients with an aortic diam-
eter of 50 mm or larger than for non-Marfan syndrome 
patients.536 In addition, early surgical indications with an 
aortic diameter of below 50 mm are desirable for patients 
with a family history of aortic dissection or patients showing 
a rapid enlargement of aortic diameter (>10 mm/year) or 
severe aortic valve insufficiency.1567 Female patients with 
Marfan syndrome are known to be at high risk of aortic 
dissection during pregnancy and the puerperal period, and 
the enlargement rate of Valsalva sinus diameter also 
increases during pregnancy. Thus, early preventive surgery 
with Valsalva sinus diameter of at least 40 mm is desirable 
for women with Marfan syndrome who desire for pregnancy 
in the future.1568–1571

Aortic root replacement using a composite graft with a 
prosthetic valve became the standard treatment for aortic 
root disease Marfan syndrome patients after it was first 

reported by Bentall in 1968.555 However, because of the 
problems of the method, such as thromboembolism related 
to prosthetic valves, the remodeling method561,562 and 
reimplantation method563 have been performed for valve-
sparing root replacement (VSRR) since the 1990s. In 2015, 
David reported a prospective trial of VSRR in 146 Marfan 
syndrome patients, which examined 121 patients undergoing 
the reimplantation method and 25 patients undergoing the 
remodeling method. It showed a postoperative 15-year 
survival rate of 93%, which was lower than that of the 
age-gender-matched control. However, their recurrence 
rate of aortic valve insufficiency was 7.9%, and it was more 
favorable in patients undergoing the reimplantation 
method. In addition, 17% of patients developed aortic 
dissection within 15 years after surgery, and it was the 
major cause of death.1573 In 2013, another facility reported 
that there was no perioperative death in 178 patients with 
heritable connective tissue disorders (84% had Marfan 
syndrome) undergoing the reimplantation method, with a 
postoperative 8-year survival rate of 94% and a postop-
erative 6-year freedom rate from aortic valve reoperation 
of 92%. Also, the main causes of their reoperation were 
infectious endocarditis and failure of valvuloplasty and 
their postoperative 4-year recurrence rate of a moderate or 
higher degree of aortic valve insufficiency was 12%.1574 It 
was reported in Japan that there was no operative death in 
59 patients, including 47 Marfan syndrome patients, who 
underwent the reimplantation method, with a postoperative 
5-year survival rate of 94% and a freedom rate from aortic 
valve reoperation of 96%, and their recurrence rate of a 
moderate or higher degree of aortic valve insufficiency was 
11%.1575 In addition, the aortic valve replacement avoidance 
rate decreased to below 60% at 10 years after VSRR, and 
the remodeling method was considered to be its factor.1576

Several comparative studies of Bentall surgery and VSRR 
for Marfan syndrome have been reported in the recent 
years. In a single-center retrospective study, while VSRR 
had fewer cases of thromboembolism and hemorrhagic 
complications than the Bentall method, there was no 
difference in the long-term survival rate and freedom rate 
from reoperation between the two.1577,1578 In 2014, a 
prospective multicenter joint study of 316 Marfan syndrome 
patients compared 239 patients in the VSRR group and 77 

Table 49. COR and LOE for Open Surgery for Hereditary Aortic Diseases

COR LOE

 It is recommended to perform open surgery on patients with Marfan syndrome with an aortic root 
or ascending aortic diameter of ≥50 mm536 (See Table 12) I C

 Open surgery should be considered for Marfan syndrome patients with risk factors for aortic 
dissection* who have an aortic root or ascending aortic diameter of ≥45 mm1567 (See Table 12) IIa C

 Open surgery should be considered for female patients with Marfan syndrome who desire for 
pregnancy when the aortic root or ascending aortic diameter is ≥40 mm1568–1571 (See Table 12) IIa C

 Open surgery should be considered for Loeys–Dietz syndrome patients even if their aortic root or 
ascending aortic diameter is smaller than that of Marfan syndrome patients1539 IIa C

 Open surgery under left thoracotomy should be considered over TEVAR in Marfan syndrome 
patients with a descending/thoracoabdominal aortic lesion1572 IIa C

 Open surgery may be considered for Marfan syndrome patients with an aortic root or ascending 
aortic diameter of ≥45 mm1567 IIb C

 Open surgery may be considered for Marfan syndrome patients with risk factors for aortic 
dissection* who have an aortic root or ascending aortic diameter of 40–45 mm1567 (See Table 12) IIb C

*Such as family history of aortic dissection, aortic enlargement rate of ≥5 mm/6 months, severe aortic valve 
insufficiency, and desire for pregnancy. COR, class of recommendation; LOE, level of evidence; TEVAR, thoracic 
endovascular aortic repair.
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patients in the Bentall group. Despite no difference between 
the two groups in the postoperative 1-year survival rate 
at 97–98%, a moderate or higher degree of aortic valve 
insufficiency occurred in 7% of the VSRR group, and 
further reports on mid/long-term prognosis are awaited.1579 
In addition, a meta-analysis of 1,385 patients (VSRR group: 
413 patients, Bentall group: 972 patients) in 11 studies was 
conducted in 2011, and it showed that the reoperation rate 
was higher in the VSRR group than in the Bentall group 
(1.3% vs. 0.3% annually) and was higher in patients 
undergoing the remodeling method than in those undergoing 
the reimplantation method (2.4% vs. 0.7% annually). On 
the other hand, the incidence of thromboembolism was 
higher in the Bentall group than in the VSRR group (0.3% 
vs. 0.7% annually).1576 A report published in 2017 examined 
2,976 patients in 23 studies (VSRR group: 1,352 patients, 
Bentall group: 1,624 patients), and it showed that the 
VSRR group had a lower long-term mortality and a lower 
risk of thromboembolism than the Bentall group, with 
fewer cases of hemorrhagic complications and infectious 
endocarditis. On the other hand, there was no significant 
difference in the freedom rate from reoperation between 
the two groups.572 In 2018, VSRR (reimplantation method 
only) and Bentall surgery were compared using the data of 
2,156 patients in 20 studies, and it showed that patients 
undergoing the reimplantation method had a more favor-
able mid/long-term survival rate, in-hospital mortality rate, 
and freedom rate from reoperation than those undergoing 
Bentall surgery.1580 Regarding prosthetic valves in Bentall 
surgery, several patients had valve-related complications 
and heart-related death. Patients with a bioprosthetic valve 
showed a high reoperation rate, and patients with a 
mechanical valve presented a high rate of anticoagulant-
related complications.574

These reports indicate that in aortic root replacement 
for hereditary aortic diseases, such as Marfan syndrome, 
VSRR is well-indicated for young annuloaortic ectasia 
patients with maintained aortic valve function. Also, the 
reimplantation method is expected to lead to a more 
favorable prognosis than the remodeling method from the 
viewpoint of recurrence of aortic valve insufficiency. 
However, VSRR requires slightly more complicated surgical 
techniques than the Bentall method and has an increased 
surgical risk, such as prolonged cardiopulmonary bypass 
time and cardiac arrest time. Thus, VSRR should be 
performed by surgeons and facilities skilled in its surgical 
techniques, and continuous follow-up by regular echocar-
diography and CT examination is essential for the 
prevention and treatment of postoperative cardiac-valve 
and aorta-related complications.

  ▋ 1.5.2  Acute Aortic Dissection in Marfan Syndrome 
Patients

Patients with hereditary aortic diseases, such as Marfan 
syndrome, are likely to develop aortic dissection due to 
the fragility of their aortic wall, and attention must be paid 
to their residual aorta even after treatment for aortic 
dissection. In a study of 6424 patients, including 258 
Marfan syndrome patients, the data of IRAD showed no 
difference in the in-hospital mortality rate for acute Type 
A dissection between patients with and without Marfan 
syndrome. However, patients with Marfan syndrome had 
a 5-year survival rate of 80.1% and a freedom rate from 
reoperation of 55.3%, and they had a high risk of reopera-
tion.1581 The results of treatment beyond the arch after 

aortic root replacement for hereditary aortic diseases 
showed an operative mortality rate of 2.5% with no 
complication with paraplegia. With a postoperative 10-year 
survival rate of 62% and an aortic event avoidance rate of 
24%, it was found that aortic dissection, once it develops, 
requires reoperation at a high rate.1582

For acute Type A dissection, various surgical procedures 
are selected depending on the position of an entry and 
surgical risk, which include ascending aortic replacement, 
aortic root replacement, and arch replacement. In a study 
examining whether to perform ascending aortic replacement 
or root replacement at the onset of acute Type A dissection 
in Marfan syndrome patients, the freedom rate from root 
reoperation after 20 years was lower in patients undergoing 
ascending replacement alone at 20% than in patients 
undergoing root replacement at 79%. Thus, Bentall surgery 
or VSRR is recommended for Marfan syndrome patients 
at the onset of Type A dissection.1583 On the other hand, 
regarding the aortic arch, the reoperation rate for the arch 
in non-dissection patients is approximately 3% when the 
arch replacement is not performed concurrently with root 
replacement. However, the reoperation rate for the arch in 
patients with acute Type A dissection significantly increases 
to 33% if total arch replacement is not performed.1584 
However, in reality, lifesaving is the primary goal, and 
invasiveness greatly increases when root replacement is 
also performed. Therefore, whether total arch replacement 
is performed at the onset of acute Type A dissection should 
be carefully decided in consideration of the experience of 
the facility and surgeons as well as the surgical risk.

The effectiveness of open stent graft/FET has been 
demonstrated recently. A study of 106 Marfan syndrome 
patients undergoing total arch replacement with FET for 
acute dissection showed an operative mortality rate of 
6.6% and an SCI incidence of 0.9%. The long-term mortality 
rates were reported to be 4% at 5 years, 18% at 8 years, and 
25% at 10 years, while the freedom rates from reoperation 
were reported to be 88.8% at 5 years and 84.2% at 8 
years.1105 In addition, entry closure by FET enlarged the 
true lumen and promoted thrombus formation in the false 
lumen, which resulted in aortic remodeling in 29% of 
patients.1585 On the other hand, 80% of patients undergoing 
TEVAR for acute Type B dissection survived 8 years after 
surgery, and 38% of the surviving patients showed aortic 
remodeling below the descending aorta. However, they 
had a high long-term aortic retreatment rate of 33%.1586 
Therefore, the short-term results of TEVAR for Type B 
dissection patients are comparable to those of non-Marfan 
syndrome patients; however, it often results in reoperation 
for retrograde Type A dissection and stent graft-induced 
new entry. Based on these, the use of TEVAR for hereditary 
aortic diseases is justified only for the purpose of survival 
of patients with acute aortic syndrome (rupture and dissec-
tion) or patients for whom open surgery is judged to be 
unsuitable due to the age or high surgical risk.1586,1587

On the other hand, in a retrospective observational 
study of aortic replacement conducted in 2017, thoracoab-
dominal aortic replacement was performed on 65 patients 
with hereditary aortic diseases, of whom 86% had a history 
of aortic surgery and 11% had undergone urgent surgery. 
Also, their surgical sites were thoracic descending aorta in 
15% and thoracoabdominal aorta with Crawford type I in 
17%, type II in 40%, type III in 17%, and type IV in 7%. 
They had an operative mortality rate of 14%, and the 
causes of death were hemorrhage, nerve injury, heart failure, 
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and respiratory failure. Also, an extended surgery of 7 h or 
longer was a risk factor for operative death. They had a 
retreatment avoidance rate of 85% and a 1-year survival 
rate of 80%.1572 Therefore, multiple surgeries are usually 
performed in patients with hereditary aortic diseases, and 
because of the high surgical risk, treatment in an 
experienced facility is desirable. In addition, it has a lower 
long-term aortic retreatment rate than TEVAR, and 
those patients have a relatively maintained long-term life 
prognosis.

  ▋ 1.5.3 Loeys–Dietz Syndrome
Loeys–Dietz syndrome is a hereditary aortic disease mainly 
caused by gene mutations of TGF-β receptors. Due to the 
higher risk of aortic events in patients with Loeys–Dietz 
syndrome than in patients with Marfan syndrome, it is 
recommended to consider surgery for patients with Loeys–
Dietz syndrome having a smaller diameter of the aortic 
root or ascending aorta compared with those with Marfan 
syndrome.1539 As in Marfan syndrome, the reimplantation 
method for annuloaortic ectasia associated with Loeys–
Dietz syndrome was reported to have favorable results. In 
2011, it was reported that there was no operative death in 
31 Loeys–Dietz syndrome patients undergoing the reim-
plantation method (77% of whom were children). Also, 
only 3% had a long-term recurrence of a moderate or higher 
degree of aortic valve insufficiency, and there were no 
complications with valve replacement, thromboembolism, 
or infectious endocarditis.1588 In 2019, it was reported that 
33 (62%) of 53 Loeys–Dietz syndrome patients had 
undergone aortic surgery, 67% of whom did not require 
reoperation, with an urgent-surgery mortality rate of 6%. 
On the other hand, 33% underwent multiple aortic surgeries, 
several of whom were complicated by aortic dissection. In 
addition, there were no aortic or valve-related complications 
after root replacement, and they showed favorable results 
with a 10-year survival rate of 89%.1589

A study retrospectively examining patients undergoing 
aortic surgery showed that 30–40% of patients initially 
developed dissection regardless of whether they had Marfan 
syndrome or Loeys–Dietz syndrome; additionally, there 
was no difference in the long-term survival rate between 
Marfan syndrome patients and Loeys–Dietz syndrome 
patients. In addition, total arch replacement was necessary 
for 12% of Marfan syndrome patients and 22% of Loeys–
Dietz syndrome patients.1590 As with the decision on 
treatment policy for acute aortic dissection in Marfan 
syndrome patients, the decision on whether total arch 

replacement is performed should be made in consideration 
of the experience of the facility and surgeons and the 
surgical risk.

  ▋ 1.5.4 Vascular Ehlers-Danlos Syndrome
Vascular Ehlers-Danlos syndrome is caused by abnor-
malities in type III collagen gene, and it has a high risk of 
arterial aneurysms and dissections from the aorta to the 
small and medium arteries. In a retrospective observational 
study investigating the long-term prognosis, approximately 
half of the patients underwent surgery, with an operative 
mortality rate of approximately 10%. A complication with 
postoperative hemorrhage was observed at a high rate, and 
40% of patients developed vascular-related complications 
even in the late postoperative period.1591 Therefore, due to 
the high risks of not only aortic complications but also 
surgical treatment, there has been no clear standard for 
preventive aortic surgery, and each patient needs to be 
responded individually when he/she is judged to have a 
high survival risk. Some have recently reported stable 
results of patients undergoing aortic surgery,1592 and future 
clinical trials on the surgery are awaited.

 ▋1.6 Medical Treatment
  ▋ 1.6.1 Marfan Syndrome (Table 50)

Strenuous exercise needs to be restricted; however, the 
daily life of Marfan syndrome patients varies depending on 
the pathological condition. Although restrictions are 
determined according to changes in the pathological 
condition, their normal life requires a few restrictions.

Drug therapies for Marfan syndrome include the 
“control of blood pressure” for heart and arterial diseases. 
β blockers are currently used as the first choice for the 
prevention of aortic enlargement in this disease, which is 
based on the reports showing that they suppressed the 
enlargement of the aortic root.277,1593,1594 However, no 
large-scale studies have been conducted, and there has 
been only one RCT with a relatively small number of 
subjects.277 In addition, there has been no clear evidence of 
their preventive effect on aortic dissection or rupture.

ARBs, which are TGF-β inhibitors, were reported to 
clearly suppress the enlargement of the aortic root in mice,528 
and their effects have been investigated in several studies 
since then. Multiple large-scale RCTs comparing the effects 
of ARBs and β blockers showed similar results in preventing 
the progression of aortic diameter enlargement.1595–1597 A 
meta-analysis of these trials showed similar results,1598 

Table 50. COR and LOE for Medical Treatment of Marfan Syndrome

COR LOE

It is recommended to perform diagnostic imaging regularly I C

It is recommended to perform exercise restriction I C

 It is recommended to administer β-blockers to prevent the enlargement of aortic  
diameter277,1593,1594 I B

 It is recommended to administer ARB as alternative drugs of β-blockers to prevent the enlargement 
of aortic diameter1595–1598 I A

 The combined use of β-blockers and ARB may be considered to prevent the enlargement of 
aortic diameter1415,1598,1599 IIb A

ARB, angiotensin II receptor blockers; COR, class of recommendation; LOE, level of evidence.
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suggesting that ARBs are as effective as β blockers in 
preventing the enlargement of aortic diameter; additionally, 
ARBs can be used as alternative drugs to β blockers without 
any problem. However, it is not recommended to actively 
replace β blockers with ARBs, as they are not more effective 
than β blockers.

While some large-scale RCTs reported that the addition 
of ARB administration to baseline treatment (β blockers 
in many cases) suppressed the progression of aortic diameter 
enlargement, others did not observe such suppression.1415,1599 
Therefore, there has been no consensus on the effects of the 
combined use of ARBs with β blockers, and similar results 
were shown by a meta-analysis.1598 Thus, the preventive 
effect of the combined use of ARBs with β blockers on the 
enlargement of aortic diameter remains unclear at present.

  ▋ 1.6.2 Loeys–Dietz Syndrome
There have been no reports that sufficiently examined the 
effectiveness of drug therapy for Loeys–Dietz syndrome, 
and basically, its treatment is based on that for Marfan 
syndrome.

  ▋ 1.6.3 Vascular Ehlers–Danlos syndrome
Celiprolol, which is a β1 blocker with a β2 stimulating 
effect, was reported to be effective in preventing the onset 
of arterial dissection and arterial rupture in patients with 
vascular Ehlers–Danlos syndrome.1600

 ▋1.7 Endovascular Treatment (Table 51)
It is considered that stent-graft deployment (TEVAR/
EVAR) should be of limited use in patients with hereditary 
connective tissue diseases.1587,1611–1613 This is because the 
incidence of endoleak after TEVAR/EVAR for this disease, 
additional treatment rate, and incidence of life-threatening 
complications (such as retrograde Type A dissection) may 
be higher than in patients with non-hereditary aortic 
diseases.416,417,1380,1587,1611,1614,1615 In many patients with 
hereditary aortic diseases, such as true aneurysms and aortic 
dissection, the lesion site involves the entire region of the 
aorta, and invasive treatment must often be performed at 
several areas of the aorta. In such cases, TEVAR/EVAR for 
bridging the non-replaced area between proximal and distal 
synthetic grafts can be recommended.1582,1601–1603 Further-
more, TEVAR (when anatomical requirements are fulfilled) 

can also be recommended for complicated acute aortic 
syndrome (aortic dissection, IMH, PAU) patients requiring 
emergency treatment for life-saving.1381,1586,1601,1602,1605,1606 In 
addition, TEVAR for bridging until open surgery or 
TEVAR in the patients with high-risk of open surgery can 
also be recommended.1582,1604,1607,1608 However, there is no 
evidence regarding the following issue: whether or not the 
application/usage of TEVAR/EVAR equivalent to those 
in patients with non-genetic aortic aneurysms/dissection 
are permissible in patients with genetic aortic diseases. 
These procedures cannot be recommended.

On the other hand, total arch replacement with an open 
stent graft/FET for Type A dissection can be recommended, 
as its stable early results, a favorable remote-phase prog-
nosis, and aortic remodeling have been obtained even in 
patients with genetic aortic diseases.1105,1125,1582,1585,1609,1610

The extent of invasive treatment for genetic aortic 
diseases involves the entire region of the aorta and its main 
branch in many cases. A strategy to systematically combine 
open surgery with endovascular repair at an adequate 
timing/extent of treatment may improve the prognosis 
rather than a strategy to treat these diseases by open surgery 
alone. It is important to accumulate data in facilities that 
are skilled in surgical and endovascular procedures now 
and in the future.1582,1602,1604,1606,1608,1609,1612,1613,1616

2. Aortopathy Associated With  
Bicuspid Aortic Valve

 ▋2.1 Pathological Conditions
The enlargement of the ascending aorta (root-arch) and 
aneurysm formation associated with the bicuspid aortic 
valve (BAV) are called “bicuspid aortopathy,” and it is 
found in approximately 40% of BAV patients.1617 Heredi-
tary factors have been identified in only a few percent of all 
bicuspid aortopathy patients; additionally, several patients 
are thought to have multifactorial diseases affected by 
blood flow stress associated with BAV.1618 Regarding the 
morphology of BAV, a true bicuspid valve, which divides 
into two at 180°, is rare, and the left coronary cusp-right 
coronary cusp fusion type, right coronary cusp-noncoro-
nary cusp fusion type, and left coronary cusp-noncoronary 
cusp fusion type occur at ratios of 70%, 10–20%, and 
5–10%, respectively.1619 On the other hand, the morphology 

Table 51. COR and LOE for Endovascular Treatment for Genetic Aortic Diseases

COR LOE

 In patients who have already undergone multiple graft replacements, TEVAR for bridging the 
non-replaced area should be considered1582,1601–1603 IIa C

 As a method of bridging until radical treatment (open surgery) for life-threatening complicated 
aortic diseases such as AEF, ABF, infected aortic aneurysm, TEVAR should be considered1604 IIa C

 TEVAR should be considered for patients with life-threatening acute aortic disease (complicated 
acute Type B dissection, acute aortic syndrome for which invasive treatment is indicated) and 
who meet the anatomical requirement for TEVAR1381,1586,1605

IIa C

 For patients who are difficult or high-risk for open surgery, TEVAR should be considered if 
anatomical requirements are met1381,1586,1601,1602,1604,1606–1608 IIa C

 In patients with Type A dissection, total arch replacement with the frozen elephant trunk method 
should be considered1105,1125,1582,1585,1609,1610 IIa C

TEVAR/EVAR may be considered, as indicated for non-genetic aortic diseases IIb C

ABF, aorto-bronchial fistula; AEF, aorto-esophageal fistula; COR, class of recommendation; EVAR, endovascular 
aortic repair; LOE, level of evidence; TEVAR, thoracic endovascular aortic repair.
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of bicuspid aortopathy is classified into type I: enlargement 
of only the aortic root (13%), type II: enlargement of only 
the ascending aorta (14%), type III: enlargement from the 
ascending to aortic arch (28%), and type IV: enlargement 
from the root to aortic arch with a gradual decrease in arch 
diameter (45%).1620 Types I and II are common in the left-
right coronary cusp fusion type BAV. In contrast, types II 
and III are common in the right-noncoronary cusp fusion 
type BAV, and root enlargement rarely occurs.1621 In 
addition, approximately 90% of patients with coarctation 
of the aorta are complicated by left-right coronary cusp 
fusion type BAV.1622

As in patients with other hereditary aortic diseases, BAV 
patients often develop acute aortic dissection at a young 
age.1623 Because of reduced expression of fibrillin-1 in the 
aortic tissue and enlarged aortic diameter of bicuspid 
aortopathy patients,540 the 2010 AHA/ACC guidelines 
recommended a treatment strategy for bicuspid aortopathy 
based on that for hereditary aortic diseases, in consideration 
of its similarity with Marfan syndrome.95 However, a 
subsequent comparative study of the aortic diameter 
showed that although both BAV patients and Marfan 
syndrome patients had a high enlargement rate of the 
ascending aorta, aortic enlargement occurred only in 
approximately half of BAV patients, suggesting the diversity 
of the pathological conditions of BAV.1624 A retrospective 
observational study conducted in 2015 showed that the 
incidence of aortic dissection after aortic valve replacement 
was lower in BAV patients (0.5%) than in Marfan syndrome 
patients (5.5%) and that the incidence of aortic aneurysm 
surgery was lower in BAV patients (2.5%) than in Marfan 
syndrome patients (10.4%).1625 In addition, a prospective 
clinical study conducted in 2016 showed that both the 
incidence of aortic dissection and the long-term mortality 
rate after dissection were lower in BAV patients than in 
Marfan syndrome patients.1626 Therefore, as a hereditary 
aortic disease, bicuspid aortopathy is considered to have a 
lower risk compared with other hereditary aortic diseases, 
although the risk is higher than the normal aorta. A recent 
pathological study has shown decreased expression of 
fibrillin-1 in the aortic tissue of both Marfan syndrome 
patients and BAV patients. However, the two diseases have 
shown differences in some expression markers, suggesting 
that different genetic abnormalities lie in the background.1627

Notch1 was reported to be involved in BAV as its caus-
ative gene.1628,1629 However, the involvement of several other 
genes has been suggested, and the genetic background of 
BAV has not been fully elucidated.

With regard to the abnormal blood flow stress associated 
with BAV, the direction and velocity of blood flow have 
been visualized by 4-dimensional cardiac MRI, and the 
aortic wall shear stress can be quantitatively evaluated. 
Compared with the normal aorta, abnormal clockwise 
spiral blood flow occurs in the ascending aorta of BAV 
patients, and it was suggested that the aortic wall shear 
stress increases when the axis of blood flow is largely tilted, 
affecting the enlargement of the aorta.1630 Medial elastic 
fibers collapse at the site of increased aortic wall shear 
stress; additionally, it results in abnormalities in the 
extracellular matrix, such as increased levels of TGF-β and 
matrix metalloproteinases, suggesting its association with 
bicuspid aortopathy.1631 In addition, the directions and 
velocities of cardiac output jet differ depending on the 
valve morphology of BAV, suggesting a mechanism that 
results in different dilated morphologies of the aorta.1632

 ▋2.2 Surgical Indications (Table 52)
  ▋ 2.2.1 Asymptomatic Patients

Compared with healthy individuals, bicuspid aortopathy 
patients were reported to have 8.4- and 86-times higher 
incidences of aortic dissection and aortic aneurysm, 
respectively,1633 and early aortic treatment has been consid-
ered for bicuspid aortopathy patients.543 However, it was 
recently reported that no such difference is observed 
between bicuspid aortopathy patients and tricuspid valve 
patients. Surgical treatment for bicuspid aortopathy is 
relatively safe and contributes to the survival rate and 
aortic event avoidance.1617 Therefore, a diameter of 55 mm 
or larger is recommended as an indication of root/ascending 
aortic replacement for asymptomatic bicuspid aortopathy. 
On the other hand, an observational study of the ascending 
aortic diameter of bicuspid aortopathy reported that 
patients with a diameter of at least 50 mm or a yearly 
enlargement rate of at least 5 mm are expected to have a 
similar prognosis after aortic surgery, as that of healthy 
individuals.1634 In a retrospective observational study, the 
risk of acute aortic dissection was higher in BAV patients 

Table 52. COR and LOE for Open Surgery for Aortopathy Associated With Bicuspid Aortic Valve

COR LOE

 It is recommended to perform open surgery on patients with an aortic root/ascending or arch 
aortic diameter of ≥55 mm associated with asymptomatic bicuspid aortic valve543,1626,1633–1635  
(See Table 12)

I C

 Open surgery should be considered for patients with risk factors for aortic dissection* who have 
an aortic root/ascending aortic diameter of ≥50 mm associated with asymptomatic bicuspid aortic 
valve539,543,1551,1633,1634,1636 (See Table 12)

IIa C

 Concomitant open surgery should be considered for patients with an aortic root/ascending aortic 
diameter of ≥45 mm who are scheduled for aortic valve surgery or other open heart 
surgery544–548,1633,1637 (See Table 12)

IIa C

 Concomitant open surgery should be considered for patients with an arch aortic diameter of 
≥50 mm who are scheduled for aortic valve surgery or other open heart surgery1620,1635 IIa C

 Open surgery may be considered for patients with an aortic root/ascending aortic diameter of 
≥50 mm due to an asymptomatic bicuspid aortic valve, who do not have risk factors for aortic 
dissection* and are not scheduled for other open heart surgery1617,1620,1635,1638

IIb C

*Such as a family history of aortic dissection, aortic enlargement rate of ≥5 mm/6 months, severe aortic valve 
insufficiency, and desire for pregnancy. COR, class of recommendation; LOE, level of evidence.
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with an ascending aortic diameter of at least 53 mm or an 
aortic root diameter of at least 50 mm. Thus, surgery in a 
facility experienced in aortic treatment is recommended for 
patients with a diameter of 50 mm or larger.1638

  ▋ 2.2.2 Concurrent Treatment During Aortic Valve Surgery
It has long been debated whether aortic replacement 
should be performed concurrently with valve surgery for 
BAV patients exhibiting a mild enlargement of the ascending 
aorta. The ascending aorta enlarges faster after aortic 
valve replacement in BAV patients than in tricuspid valve 
patients, increasing the risk of dissection.546,548 In 2004, a 
retrospective observational study examined the aortic 
diameter of 201 BAV patients after aortic valve replace-
ment. It showed that the groups of BAV patients with an 
ascending aortic diameter of below 40 mm, 40–44 mm, and 
45–49 mm at the time of surgery had postoperative 15-year 
aortic event avoidance rates of 86%, 81%, and 43%, respec-
tively; therefore, the study recommended concomitant 
surgery with valve replacement for bicuspid aortopathy 
patients with a diameter of 45mm or larger.544 A study 
conducted in 2011 examined over 1800 BAV patients who 
had undergone only aortic valve replacement or ascending 
aortic replacement in combination, and it showed no 
difference between the two groups in the operative mortality 
rate at 1%. Also, the groups showed no difference in the 
long-term survival rate and incidence of aortic events. 
However, since patients with an aortic diameter of below 
45 mm had a low aortic event incidence of 0.2% even after 
undergoing only aortic valve replacement, it recommended 
performing aortic replacement in combination on patients 
with an aortic diameter of 45 mm or larger.547

In addition, 10–25% of Turner syndrome patients are 
complicated by BAV. However, most of Turner syndrome 
patients developing aortic dissection were complicated by 
BAV, and their ascending aortic diameter coefficient at the 
onset of dissection was 2.7 cm/m2. Turner syndrome patients 
are characterized by short height, and there is a concern 
that the timing of treatment is delayed if the normal aortic 
diameter is applied. Thus, aortic replacement is considered 
for Turner syndrome patients over 18 years of age with an 
aortic diameter coefficient of >2.5 cm/m2.1551,1636

  ▋ 2.2.3  Bicuspid Aortopathy Extending to the Aortic Root 
and Aortic Arch

The surgical range varies depending on the enlargement 
range of bicuspid aortopathy. Because aortic dissection of 
BAV patients often has an entry in the enlarged aortic 
root,539 patients with root enlargement are indicated for 
aortic root replacement. On the other hand, when only 
aortic valve replacement and ascending aortic replacement 
are performed in BAV patients having the enlarged ascending 
aorta without the enlargement of the root, it is unlikely 
that the root enlargement poses a problem in the late 
stage after surgery, and aortic root replacement is not 
recommended.545,1637 In addition, the AHA/ACC and ESC 
guidelines have not previously specified treatment for 
bicuspid aortopathy with enlargement of the aortic arch 
region. However, the enlarged site of bicuspid aortopathy 
remains in the root and ascending regions in only approx-
imately 1/4 of all cases.1620 Surgical indication for arch 
enlargement was set to 55 mm in the guidelines published 
in Canada in 2014.1635

Given these, surgical indication criteria in Table 52 are 
recommended based on the 2010 AHA/ACC guidelines,95 

the 2014 ESC guidelines,96 the 2016 AHA/ACC statement 
clarification,1639 and the 2018 AATS consensus guidelines.1640 
In addition, if a patient is diagnosed with BAV and has an 
aortic diameter of >40 mm, imaging evaluation, such as 
yearly echocardiography and CT/MRI examination (every 
6 months if there is a tendency of enlargement), needs to be 
performed regularly, and regular follow-up of aortic 
diameter is required. Furthermore, it is also desirable to 
screen first-degree family members (especially males).

3. Atherosclerotic Aortic Diseases

 ▋3.1 Thromboembolic Aortic Diseases
Plaques in the aorta consist of lipids that have accumulated 
in the intima/media layer of the aorta as a result of athero-
sclerotic plaque extension. Secondary inflammation and 
fibrous tissue deposition, as well as subsequently formed 
thrombus and the erosion of the lumen surface, are the 
factors that cause thrombotic (thromboembolic) or 
atherosclerotic (cholesterin crystal) embolism.1641 Thrombo-
embolic embolus is usually large, and it generally occludes 
medium-large arteries, causing cerebral infarction, transient 
cerebral ischemic seizure, renal infarction, intestinal isch-
emia, and peripheral artery thromboembolism. On the 
other hand, cholesterin crystalline embolus occludes small 
arteries and arterioles, and it can cause blue toe syndrome 
and renal failure.

  ▋ 3.1.1 Epidemiology
As in other atherosclerotic plaques in the vascular bed, the 
risk factors leading to aortic plaque formation include 
age, gender, hypertension, diabetes mellitus, dyslipidemia, 
lifestyle with little exercise, smoking, and inflammation. 
The Offspring Framingham study reported that aortic 
plaque was found in 46% of individuals with normal blood 
pressure and that it was more common in women. Large 
plaques are associated with hypertension; additionally, 
they were reported to be more common in patients with 
cardiovascular disease.1642 Aortic plaques were shown to be 
involved not only in cerebrovascular but also peripheral 
arterial embolism by autopsy results,1643 a study of patients 
with non-fatal cerebrovascular and peripheral vascular 
diseases,1644 and a case study of transesophageal echography 
and intraoperative echography.1645,1646

Atrial fibrillation patients presenting with mobile plaque, 
ulcer formation in plaque, or plaque with a thickness of at 
least 4 mm shown by transesophageal echography were 
reported to have 4 times higher risk of cerebral infarction 
than those without a plaque.1647 Also, in cerebral infarction 
patients, an aortic plaque with a thickness of at least 4 mm 
was reported to be an independent risk factor for the 
recurrence of cerebral infarction and the development of 
all vascular events.1648 Atherosclerotic (cholesterin crystal) 
embolism was found in 0.18–2.4% of autopsy cases.1649 
Embolic events are also found during angiography, cardiac 
catheter examination, intra-aortic balloon pumping (IABP), 
and cardiac surgery. Cholesterin crystal embolism was 
found in 12–77% of patients who had received some 
treatment on the aorta,1650,1651 and it was reported that 
cholesterin crystal embolism was found in 22% and 27% of 
autopsy cases after cardiac surgery1652 and after aortic 
contrast imaging,1653 respectively. In a study that examined 
921 cases of cardiac surgery, the incidences of cerebral 
infarction in patients with and without atherosclerotic 
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lesions were 8.7% and 1.8%, respectively, showing a 
significantly higher incidence in the group with lesions.1654 
However, these incidences were lower than that in autopsy.

A meta-analysis showed that the radial arterial approach 
and femoral artery approach of cardiac catheter examina-
tion resulted in low incidences of cerebral infarction at 
0.1% and 0.5%, respectively, showing no significant differ-
ence between the two.1655 Also, cardiac catheter examination 
generally does not have a high risk of developing cerebral 
infarction. Currently, transcatheter aortic valve implan-
tation (TAVI) is performed in older adults with many 
complications, mainly atherosclerotic lesions. However, a 
meta-analysis reported that the apical approach reduced 
cerebral infarction compared with the (femoral or axillary) 
arterial approach,1656 and the risk varies depending on the 
presence or absence, site, and degree of atherosclerotic 
lesions.

It was reported that cholesterin crystal embolism was 
found in 1.3–3.6% of patients undergoing stent deployment 
in the aortoiliac region during endovascular treatment for 
peripheral artery disease below the abdominal aorta.1657–1659 
On the other hand, it was reported that embolism was 
found in 2.9% of patients undergoing open surgery below 
the renal artery;1660 additionally, there was no difference in 
the incidence between endovascular treatment and open 
surgery. However, endovascular treatment in patients with 
shaggy aorta or ulcerative plaque has a high risk.1648

  ▋ 3.1.2 Treatment
Antithrombotic therapy (antiplatelet agents and anticoagu-
lants) is necessary to reduce the risk of thromboembolism. 
However, there have been few studies on thromboembolism 
that occurs in the aorta, many of which are small-scale studies. 
While some studies showed the effectiveness of warfarin 
for aortic plaque,1661–1663 others reported that warfarin 
was not effective compared with antiplatelet agents.1664,1665 
Conversely, antithrombotic therapy may promote the 
separation of cholesterin crystal and atheroma.1666,1667

a. Lipid-Lowering Therapy (Plaque Stabilization)
Lipid-lowering therapy with statins is useful in reducing 
the risk of developing symptomatic atherosclerotic 
diseases.1668 There have been no RCTs recommending the 
oral administration of statins in patients with cerebral 
infarction caused by atheroma embolism. However, it was 
reported that 19% and 38% of patients with familial 
hypercholesterolemia showed atheroma extension and 
reduction of atheroma, respectively, when evaluated for 2 
years by transesophageal echography.1669 In addition, the 
oral administration of statins for 6 months was reported to 
reduce aortic atheroma volume by 15% on MRI examina-
tion,1670 and oral administration of statins for 3 months 
was reported to reduce plaque inflammation on PET 
examination.1671 A large-scale retrospective study of patients 
with severe aortic plaques reported that only statins reduced 
the risk of developing cerebral infarction by 70%,1664 and 
statin administration for the stabilization of atheroma as 
an embolic source is also considered. However, large-scale 
RCTs are needed.

b. Revascularization
The surgical approach for lesions causing peripheral 
embolism is a measure to reduce the risk of embolism 
recurrence. There have been no large-scale RCTs; several 
reports on open surgery/endovascular treatment for aortic 

atheroma were from single centers. Although open surgery 
for lesions below the renal artery has favorable results,1672,1673 
the involvement of suprarenal lesions increases the operative 
mortality rate,1672 and it should be carefully examined as a 
preventive treatment. In addition, thromboendarterectomy 
and prosthetic graft replacement for thoracic aortic lesions 
are considered only for patients with repeated recurrence 
due to their high surgical invasiveness.1674,1675 Because 
endovascular treatment itself triggers embolism in patients 
with aortic atheroma, careful consideration is needed for 
its indications and selection. For lesions peripheral to the 
thoracic descending aorta, a method of covering the lesion 
site using a stent graft has been reported;1676,1677 however, 
no large-scale studies have been conducted at present.

 ▋3.2 Thrombus in the Aorta
Transesophageal echography in patients with cerebral 
infarction or peripheral arterial embolism showed that 
thrombus was found in the aortic arch of young individuals 
who did not have extensive atherosclerosis. Also, only 4 of 
23 patients with highly mobile thrombus in the aorta 
showed a thrombus tendency, and the pathophysiology of 
such lesions remains unclear.1678 Such thrombus in the aorta 
that is not adhered to the aortic wall is a life-threatening 
pathological condition that becomes an embolic source not 
only for cerebral infarction but also for the splanchnic 
artery and lower limbs. It often develops after aortic lesions, 
such as dissection, trauma, and atherosclerotic changes, 
and it shows a thrombus tendency as its pathological 
condition, which rarely occurs in normal blood vessels. 
Transesophageal echography, which allows for the real-time 
confirmation of the mobility and floatability of thrombus, 
is the first choice for diagnosis in the distal arch and 
descending aorta, and CT/MRI examination is also useful 
in deciding a treatment policy.1679,1680 In the abdominal 
aorta, abdominal echography often visualizes a flattering 
thrombus in real-time, and similarly, CT/MRI examination 
is useful for detailed diagnosis and decision on treatment 
policy.

There have been reports of conservative treatment with 
heparinization,1679 thrombus aspiration by endovascular 
treatment,1681 stent deployment/stent-graft deployment,1681 
thrombectomy,1679 and open surgery, mainly prosthetic graft 
replacement;1682 however, there have been no large-scale 
comparative studies.

There are increasing reports of not only patients exhibiting 
venous thrombosis but also those exhibiting thrombus in 
the aorta as a phenotype of cancer-related thrombosis.1683 
In addition, patients presenting with aortic thrombus during 
anticancer drug treatment with cisplatin or bevacizumab 
have been reported in recent years, and attention must be 
paid to cancer patients receiving chemotherapy.1684,1685

 ▋3.3 Atherosclerotic Aortic Obstruction
Atherosclerotic (degenerative) occlusion of the thoracic 
aorta is highly rare, including the acute/chronic stage, and 
acute occlusion of the abdominal aorta is also rare. On the 
other hand, if the abdominal aorta has resulted in chronic 
occlusion, the obstructive lesion may progress to the 
pararenal artery aortic obstruction. However, due to the 
extensive development of collateral flow, many patients do 
not present with acute ischemic symptoms, and clinical 
symptoms are limited to claudication symptoms in numerous 
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cases. However, if it develops as acute occlusion, it results 
in a fatal pathological condition. Its factors include the 
progression of normal atherosclerosis obliterans and the 
involvement of the small-diameter aorta (so-called small 
aorta), as well as saddle embolism and aortic dissection in 
acute cases.

In acute cases, the symptoms progressively worsen with 
a sudden disruption of blood flow until the collateral flow 
results in occlusion. Subsequently, patients present with 
clinical symptoms caused by acute arterial occlusion of 
the lower limbs, such as the disappearance of peripheral 
arterial pulsation, cold sensation, and foot drop, causing 
severe ischemic symptoms in the lower limbs/spinal nerves, 
intestinal tract, and kidneys. In numerous cases, diagnosis 
is made by Doppler echography in addition to clinical 
symptoms; however, imaging examinations, such as CT 
and MRI, also provide useful information for deciding a 
treatment policy. In patients with saddle embolism, 
thrombectomy can be performed if blood flow is resumed 
early after onset, and the risk of developing ischemia 
reperfusion injury (myonephropathic metabolic syndrome) 
is low. However, if it is delayed, the resumption of blood 
flow can no longer be achieved, leading to a poor life 
prognosis.1686 Bypass surgery or endovascular treatment 
is performed in chronic cases, and both have favorable 
results.1687

 ▋3.4 Aortic Calcification
The presence of the thoracic aorta that exhibits severe 
atherosclerosis can be easily diagnosed as it is observed as 
porcelain aorta in an unenhanced image. Similarly, the 
abdominal aorta exhibits a calcification image along the 
running of the aorta, which can be easily diagnosed. Patients 
with maintenance dialysis show severe calcification not 
only in the peripheral arteries, but also in the aorta. In 
any region, its range and progression of the pathological 
condition are diagnosed by CT examination. It has been 
shown that calcification of the abdominal aorta is not only 
a risk of embolism in surgery, but also an independent risk 
factor for cardiovascular/cerebrovascular events.1688 
However, in cardiovascular open surgery, calcification 
lesions can be not only an obstacle for cannulation, clamping, 
and various bypass surgeries, but also a risk factor for 
cerebral infarction and peripheral embolism. For patients 
with porcelain aorta who have no problem with access 
routes, endovascular treatment is also selected in consid-
eration of the risks/benefits.

Coral reef aorta is a disease that presents with highly 
severe calcification and stenosis due to calcification lesions 
that have extended to the lumen in the aorta at the level of 
the abdominal splanchnic artery branch, mainly the renal 
artery. Many of its clinical studies are case reports, and 
only one study examined over 80 cases.1689 This is a rare 
disease that presents with renovascular hypertension, 
abdominal angina, and lower-limb ischemic symptoms due 
to severe calcification of the abdominal aorta at the level 
of the abdominal splanchnic artery branch and stenosis 
with calcification of each abdominal splanchnic artery. 
This disease was reported to be more common in women 
compared with other atherosclerotic diseases, and its etiology 
and occurrence mechanism remain unknown. Previously, 
surgical treatment, mainly thromboendarterectomy, was 
performed for its patients;1689 however, the operative 
mortality rate was as high as 11. 6% due to cardiac compli-

cations and multiple organ failure.1690 In recent years, 
extra-anatomical bypass1691 and endovascular treatment 
with stent graft have been performed, especially for high-
risk cases;1692 however, no large-scale studies have been 
conducted.

 ▋3.5 Leriche Syndrome
“Leriche syndrome” is occasionally referred to a general 
term for occlusive diseases in the aortoiliac region; however, 
patients having anatomical occlusion of the aortoiliac 
region alone are not considered to have this syndrome. 
Those presenting with three symptoms of intermittent 
claudication, attenuation/disappearance of peripheral 
arterial pulsation, and sexual dysfunction are referred to 
as “Leriche syndrome” patients.

Several cases of occlusion of the aortoiliac region are 
based on atherosclerosis, and it is commonly found in 
older adults. However, Leriche syndrome patients have 
sexual dysfunction as the main sign, and they are often 
diagnosed in the 40s to 60s. Leriche syndrome is treated in 
the same manner as occlusive diseases of the aortoiliac 
region caused by normal atherosclerosis obliterans, and 
surgical revascularization (bilateral aortic iliac artery 
bypass surgery and bilateral aortic femoral artery bypass 
surgery) or endovascular treatment is performed for 
Leriche syndrome patients. The results of its endovascular 
treatment have improved in recent years, and endovascular 
treatment is often selected except for patients with high 
aortic obstruction (pararenal artery aortic obstruction).1693 
In Europe and the United States, stent-graft deployment is 
performed in addition to bare metal stent, and the primary 
patency rate was reported to be 87% after 1 year and 82% 
after 2 years.1694 Intermittent claudication is improved by 
bypass surgery and endovascular treatment described 
above. However, improvement of sexual dysfunction 
requires an improvement of blood flow in the internal iliac 
region, and reconstruction of the internal iliac artery is 
considered if it can be performed.

 ▋3.6 Shaggy Aorta (Table 53)
Shaggy aorta refers to the appearance of hemp-like fluff 
on the inner surface of the aorta due to severe diffuse 
atherosclerotic lesions in the aorta (Figure 67). Clinically, 
it is often referred to an imaging finding of contrast-
enhanced CT or echography.1695 In addition, shaggy aorta 
syndrome is a disease group exhibiting various organ 
damages in which fine cholesterin crystals derived from an 
unstable and floatable atheroma in the thoracic or 
abdominal aorta become separated as a natural course 
without a clear trigger or as a result of catheter operation 

Table 53. COR and LOE for Shaggy Aorta

COR LOE

 Evaluation of the presence or absence of 
shaggy aorta by contrast-enhanced CT prior 
to aortic aneurysm treatment intervention 
should be considered to avoid multiple 
thromboembolism during treatment

IIa C

COR, class of recommendation; CT, computed tomography; 
LOE, level of evidence.
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in the aorta and open surgical operation, which embolizes 
peripheral arteries.1696 The uniform definition of shaggy 
aorta has not been clearly established since its evaluation 
method differs depending on the modality of diagnostic 
imaging. However, it generally indicates the aorta with an 
extensive irregularly-shaped atheroma lesion that has a 
thickness of at least 4–5 mm and protrudes into the lumen 
on preoperative contrast-enhanced CT, intraoperative 
transesophageal echography, and aortic echography. In 
particular, those with a mobile atheroma are recognized as 
an aortic atherosclerotic lesion with a high clinical risk of 
developing organ embolism.1697

Its etiology and pathological condition may be regarded 
as those of vasculitis; nevertheless, many of its aspects, 
including genetic factors, remain unclear. Regarding its 
medical treatment, some reported the effect of statins on 
reducing atheroma and parietal thrombosis;1698,1699 however, 
the future progress and results of RCTs are awaited.1700

According to a report examining the effect of shaggy 
aorta on the invasive treatment of aortic aneurysm, shaggy 
aorta was found in 48 (11%) of 447 AAA patients. Also, 
the total of the incidence of major complications and 
mortality rate up to postoperative 30 days was 4.1 times 
higher in patients with shaggy aorta than in patients without 
shaggy aorta.1701 With regard to its preoperative factors, 
the number of patients with a history of cerebral infarction, 
chronic kidney injury, or arteriosclerosis obliterans was 
significantly higher in those with shaggy aorta, although 
the main cause of the major complications described 
above, and deaths was multiple thromboembolism. This 
applies to both open surgery and TEVAR, indicating that 
the risk of multiple thromboembolism cannot be avoided 
regardless of the treatment method. Furthermore, even 
when comparing long-term results up to postoperative 5 
years, the survival rate was significantly lower in the patient 
group with shaggy aorta.

In addition, according to a study that examined 251 
patients undergoing prosthetic graft replacement for TAAA, 
36 patients (14%) had shaggy aorta among all patients 
including 139 patients with dissecting aortic aneurysm.1702 
Comparing a total of 112 patients undergoing degenerative 

aortic aneurysm surgery, including 76 without shaggy 
aorta and 36 with shaggy aorta, patients with shaggy aorta 
had approximately 5 and 4 times higher operative mortality 
rate and incidence of SCI, respectively, than patients 
without shaggy aorta.1702 Similarly, in a clinical study of 
179 patients undergoing aortic arch prosthetic graft 
replacement, 34 patients (19%) were found to have shaggy 
aorta in the ascending or aortic arch.1703 Although these 
patients did not have a statistically higher operative 
mortality rate, their odds ratio for shaggy aorta as a risk 
factor involved in the development of temporary neuro-
logical deficits was 4.4. Furthermore, the long-term survival 
rate after arch replacement was significantly lower in 
patients with shaggy aorta.

Scoring of shaggy aorta has been reported in recent 
years. In this study, on the axial image of reconstructed 
CT, a shaggy score of 1 point was given to those with (1) 
ulcer-like thrombus, (2) a maximum thrombus thickness of 
at least 5 mm, and (3) thrombus occupying at least 2/3 
rounds of aortic diameter, and it is expected to be an index 
of postoperative embolism in the future.1704

The complication of multiple thromboembolism at the 
time of surgery is thought to be the main factor for the 
deterioration of treatment results of aortic aneurysm 
surgery due to having shaggy aorta. Therefore, a method 
of avoiding intraoperative thromboembolism has been 
devised to improve surgical results.1705 To avoid cerebral 
embolism during aortic arch prosthetic graft replacement 
and to avoid severe complications due to embolism to the 
intestinal tract and kidneys during TEVAR for thoracic 
descending-thoracoabdominal aortic aneurysm, it is basi-
cally considered to expose those domain blood vessels in 
advance so that they are temporarily separated from the 
circulation in the aorta, which is followed by the completion 
of the surgical operation on the aorta.1706,1707 On the other 
hand, considering that the dispersion of debris due to aortic 
cross-clamping and releasing operation of clamping is the 
main cause of thromboembolism, a method that uses deep 
hypothermic circulatory arrest without aortic cross-clamping 
may also be adopted as a measure against shaggy aorta.1708 
However, even in such cases, attention must be paid to the 
details of the extracorporeal circulation method, such as 
the cannulation site of the blood supply tube and the shape 
of the cannula, and the flow rate balance in the blood supply 
between the upper and lower body, when establishing 
extracorporeal circulation.1697

4. Aortitis

 ▋4.1 Definition and Classification
  ▋ 4.1.1 Inflammatory Aortic Diseases

The Chapel Hill Consensus Conference (CHCC, the 1994 
first edition1709 and the 2012 revised edition1710) has gained 
a worldwide consensus on the classification of vasculitis. 
Based on this, the “Clinical Practice Guidelines for Vasculitis 
Syndrome (2017 revised edition)” of the Japanese Circulation 
Society1711 classifies vasculitis into large vasculitis (aorta 
and its major branches), medium vasculitis (organ arteries), 
small vasculitis (arterioles/small arteries and capillary 
blood vessels), and other vasculitis (Table 54). In addition, 
ESC published clinical practice guidelines for aortic 
diseases in 2014,96 and a disease classification based on a 
new disease concept of histopathological diagnosis was 
subsequently shown.1712

Figure 67.  Typical shaggy aorta (contrast-enhanced CT 
findings, coronal section). An extensive, irregularly shaped, 
diffuse atherosclerotic lesion is observed in the thoracic aorta.
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  ▋ 4.1.2 Takayasu Arteritis
Takayasu arteritis was first reported by the Japanese 
ophthalmologist Mikito Takayasu as an ocular lesion in 
1908, and it is also called Takayasu arteritis in Europe and 
the United States (Figures 68 and 69). It was also called 
“pulseless disease” due to stenosis lesion of branch blood 
vessels of the aorta or “aortitis syndrome” because the 
lesion spreads throughout the aorta. It is common among 
young women in Eastern countries, mainly in Japan, and 
it is a rare disease in Europe and the United States.1710

a. Macroscopic Images
It typically begins with a stenosis lesion in the lumen of a 
blood vessel. In particular, the blood vessels of the three 
branches that ascend from the bifurcation of the aortic arch 
are easily affected, and it may cause head and upper-limb 
ischemic symptoms, such as subclavian artery steal 
syndrome, depending on the stenosis site. The lesion 
progresses to the major branch blood vessels of the arch 
and further into the descending aorta. However, it tends to 
dilate in the ascending aorta, causing ascending aortic 
aneurysm and aortic valve insufficiency. Inflammation 
spreads from the aortic valve annulus to the aortic valve in 
approximately 5% of cases.1713 Although rare, it may cause 
aortic dissection, and a lesion may extend to the pulmonary 
artery. In the scarred stage, the lumen of blood vessels 
exhibits the lead-pipe appearance due to stenosis and 
marked calcification.

b. Histological Changes
Histologically, severe infiltration of inflammatory cells from 
the adventitia to the media is found in the active stage of 
inflammation, and in particular, lesions with a moth-eaten 
appearance that disrupt and damage elastic fibers of the 
media layer are observed. Focal granulomatous lesions are 
formed mainly in the media, which may develop into small 
infarction in the media. It may not be easily distinguished 
from giant cell arteritis, which has multinucleated giant 
cells that sometimes phagocytose elastic fibers commonly 
found in patients in Europe and the United States. In the 
scarred stage, the media becomes thinner, and the adventitia 
shows fibrous thickening. Also, diffuse intimal hyperplasia 
occurs in the intima, where plate-like calcification progresses.

  ▋ 4.1.3 Giant Cell Arteritis
Giant cell arteritis is a common disease in Europe and the 
United States, while it is relatively rare in Japan (Figure 70). 
Compared with Takayasu arteritis, giant cell arteritis is 
more commonly found in older adults (60 years or older), 
and its association with polymyalgia rheumatica has been 
pointed out. Inflammation of the head arteries, such as the 
temporal artery and ophthalmic artery, is observed; 
however, approximately 10–20% of patients have aortic 
lesions. Histologically, it is often diagnosed by temporal 
artery biopsy. Infiltration of inflammatory cells, including 
giant cells, is observed mainly in the external elastic 
membrane of the media, and the lumen develops concentric 
stenosis with fibrous thickening of the intima/adventitia. 
Aortic lesions also show infiltration of inflammatory cells, 
including multinucleated giant cells, in the media, and they 
damage elastic fibers, causing fibrous thickening of the 
intima and adventitia. Its histological difference from 
Takayasu arteritis is that most patients with giant cell 
arteritis have multinucleated giant cells and that they have 
mild infiltration of inflammatory cells and fibrosis in the 

adventitia. However, it is difficult to distinguish giant cell 
arteritis from Takayasu arteritis by histological findings 
alone in some disease stages.

  ▋ 4.1.4 Isolated Aortitis
Isolated aortitis presents with vasculitis localized to the 
aorta and its branches, and it can be distinguished from 
Takayasu arteritis or temporal arteritis.1714 It is classified 
as single-organ vasculitis in Chapel Hill Consensus 
Conference.1710

  ▋ 4.1.5 Vascular Behçet’s Disease
Vascular Behçet’s disease was first reported by the Turkish 
dermatologist Behçet, and it is said to be often seen in the 
Silk Road countries (Figure 71). In Japan, it is said to be 
often seen in Tohoku/Hokkaido. Although its well-known 

Table 54. Categories and Diseases of Vasculitis

Original 2012 CHCC

Large vessel vasculitis (LVV)

  Takayasu arteritis (TAK)

  Giant cell arteritis (GCA)

Medium vessel vasculitis (MVV)

  Polyarteritis nodosa (PAN)

  Kawasaki disease (KD)

Small vessel vasculitis (SVV)

   Antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis (AAV)

    Microscopic polyangiitis (MPA)

    Granulomatosis with polyangiitis (Wegener’s) (GPA)

     Eosinophilic granulomatosis with polyangiitis (Churg-Strauss) 
(EGPA)

  Immune complex SVV

     Anti-glomerular basement membrane (anti-GBM) disease 
Cryoglobulinemic vasculitis (CV)

    IgA vasculitis (Henoch-Schonlein) (IgAV)

     Hypocomplementemic urticarial vasculitis, HUV (anti-C1q 
vasculitis)

Variable vessel vasculitis (VVV)

  Behcet’s disease (BD)

  Cogan’s syndrome (CS)

Single-organ vasculitis (SOV)

  Cutaneous leukocytoclastic angiitis

  Cutaneous arteritis

  Primary central nervous system vasculitis

  Isolated aortitis

Vasculitis associated with systemic disease

  Lupus vasculitis

  Rheumatoid vasculitis

  Sarcoid vasculitis

Vasculitis associated with probable etiology

  Hepatitis C virus-associated cryoglobulinemic vasculitis

  Hepatitis B virus-associated vasculitis

  Syphilis-associated aortitis

  Drug-associated immune complex vasculitis

  Drug-associated ANCA-associated vasculitis

  Cancer-associated vasculitis

(Adopted from the Japanese Circulation Society. 2017,1711 
Jennette JC, et al. 2013.1710) © 2013 American College of 
Rheumatology.
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symptoms include oral aphtha and genital ulcer, it is 
characterized by inflammation of various blood vessels, 
and its lesions range from occlusive phlebitis with venous 
thrombus to aortic aneurysm. Inflammation also occurs in 
the aorta, and severe infiltration of inflammatory cells 
with many neutrophils progresses disruptively in the media 
and adventitia. Granulomatous lesions, including multi-
nucleated giant cells, are often found, and cannot be easily 
distinguished from Takayasu arteritis or giant cell arteritis 
by the histological image of the aorta alone.

  ▋ 4.1.6 Syphilitic Medialitis (Syphilis-Associated Aortitis)
Until the early 20th century, syphilis was an important 
cause of aortic aneurysm; however, it is extremely rare 
today. Its macroscopic characteristic is the crepe-like 
wrinkles of the intima derived from irregular contractions 
after inflammation of the media. Severe dilation occurs, 
often leading to ascending aortic aneurysm. Histologically, 
it is a granulomatous inflammatory lesion mainly composed 
of the media, and many plasma cells are found. It may 
contain multinucleated giant cells. It shows an image of 

Figure 69.  Takayasu arteritis (active stage). The elastic fibers are severely disrupted, and the central part exhibits necrosis (Left). 
The necrotic lesion is surrounded by multinucleated giant cells and lymphocytes (Upper right/Lower right).

Figure 68.  Takayasu arteritis (chronic active stage). Fibrous thickening of the adventitia is prominent, and severe inflammation of 
the media is also observed (Left: All layers. Upper right: Enlarged image of medial disruption site caused by inflammation, HE 
staining). Rupture of the medial elastic membrane is observed around the inflammation (Lower right, EVG staining).
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rupture of medial elastic fibers exhibiting a moth-eaten 
appearance due to inflammation.

  ▋ 4.1.7  Inflammatory Abdominal Aortic Aneurysm and 
IgG4-Related Inflammatory Aortic Aneurysm

Inflammatory AAA was reported as uremia-causing AAA 
by James in 1935,1715 and its disease concept was presented 
by Walker et al. in 1972.977 In addition to the abdominal 
aortic aneurysm-like dilation, inflammatory AAA causes 
marked thickening of the wall and marked infiltration of 
inflammatory cells, mainly plasma cells, that often form 
lymphoid follicles in the adventitia, and this aortic aneurysm 
is characterized by fibrous thickening around the aortic 
aneurysm and fibrous adhesions to the surrounding tissues. 
Patients with inflammatory AAA are often complicated by 
atherosclerotic lesions, which may be a specialized cellular 

response to atheroma. Infiltration of inflammatory cells 
in the adventitia may form lymphoid follicles, mainly 
lymphocytes (Figure 72). Patients with inflammatory AAA 
show little formation of granuloma.

In the recent years, it has been found that infiltrating 
inflammatory cells contain a large number of IgG4-
producing plasma cells in some cases. Similarly, an asso-
ciation with IgG4 has been demonstrated in other organs 
through autoimmune pancreatitis, atherosclerotic cholan-
gitis, dacryoadenitis/sialadenitis, and thyroiditis, and 
inflammatory aortic aneurysm has also become recognized 
as one of the IgG4-related diseases. In a study by 
Kasashima et al., 13 (56.5%) of 23 patients with inflamma-
tory AAA were diagnosed to be associated with IgG4.87 
Several patients with IgG4-related diseases have high blood 
IgG and IgG4 levels. Histologically, severe infiltration of 

Ascending aorta

A

B

C D E

Figure 70.  Giant cell arteritis. Macroscopically, atherosclerotic lesions are mainly observed (A). Thickening of the adventitia is mild 
(B). A large number of inflammatory cells and multinucleated giant cells are observed around the area of disrupted elastic fibers 
and coagulative necrosis (C–E). (C) HE staining (lower image shows the high-power field), (D) Masson’s trichrome staining, (E) 
EVG staining.

A B C D

Figure 71.  Vascular Behçet’s disease. (A) Mesoarteritis with medial necrosis (HE staining). (B) Rupture of the medial elastic 
membrane of the aorta (EVG staining). (C) Right coronary cusp and its Valsalva sinus. (D) Disruption due to inflammation of the 
right coronary cusp.
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chronic inflammatory cells, especially plasma cells, occurs 
mainly in the adventitia (Figure 73). Also, the formation 
of lymphoid follicles is observed. In recently published 
comprehensive diagnostic criteria of IgG4-related diseases, 
“the IgG4/IgG-positive plasma cells ratio of at least 40%” 
and “at least 10 IgG4-positive plasma cells in the high-
power field” in histopathological specimens are defined as 
diagnostic criteria.1716 Although there have been few 
reports of IgG4-related aortic aneurysm, it was reported to 
account for 5% of total-resection cases.

  ▋ 4.1.8 Infected Aortic Aneurysm
In 1885, Osler first reported bacterial arterial aneurysm as 

arterial aneurysm caused by bacterial embolism from 
infectious endocarditis. Specifically, bacterial arterial 
aneurysm refers to a fragile arterial aneurysm that forms 
due to inflammation caused by an infectious embolism 
attaching to the peripheral artery from an infection focus. 
However, its concept has now been broadened, and 
“infected aortic aneurysms” include infection of existing 
aortic aneurysm and surrounding infection, such as fistula 
formation, that spread to the aorta.

 ▋4.2 Diagnostic Imaging
The diagnosis of Takayasu arteritis needs to be made 
mainly by diagnostic imaging, and the presence of multiple 
or diffuse hypertrophic lesion, stenosing lesion (including 
occlusion), or dilatating lesion (including aneurysm), 
which are detected in the aorta and/or its primary branch 
as imaging findings, constitutes one of the diagnostic 
criteria.1711 Therefore, the presence of imaging findings 
described above is essential for the definitive diagnosis of 
Takayasu arteritis. These evaluations are performed by 
chest radiography, CT/MRI examination, echography, 
angiography, or PET/CT examination. However, with the 
dissemination of CT/MRI examinations, invasive angiog-
raphy is rarely used for its initial diagnosis. In addition, 
since April 2018, F-18 FDG PET performed at some PET 
facilities for patients with large vessel vasculitis has been 
covered by insurance if the localization or activity of their 
lesion cannot be determined by other examinations.

Hypertrophic lesions are visualized by echography 
(macaroni sign of the common carotid artery),1717 contrast-
enhanced CT, contrast-enhanced MRI (contrast imaging 
effect encircling the arterial wall),1718 and PET/CT (FDG 
uptake encircling the arterial wall)1719 (Figure 74). In 
particular, a double ring-like pattern of the aortic wall 
thickened in the early stage of Takayasu arteritis is 
observed in the delayed phase of contrast-enhanced CT 
(Figure 75), which is characteristic of this disease.1720,1721 In 
addition, the degree of FDG accumulation also correlates 
with the clinical activity of Takayasu arteritis,1719 and it is 
useful for determining the treatment effect.

Stenosing and dilatating lesions are visualized by chest 
radiography (wavelike margin of the descending aorta), 
CTA, MRA, cardiac echography (aortic valve insufficiency), 
and angiography. The ascending aorta often dilates, resulting 
in aortic valve insufficiency. In the chronic stage, chest 

Figure 72.  Inflammatory aortic aneurysm. Severe fibrous 
thickening of the adventitia (Top) and infiltration of inflammatory 
cells with lymphoid follicles mainly in the adventitia (Bottom) 
are observed.

Figure 73.  Inflammatory aortic aneurysm as an IgG4-related disease. HE staining of the aortic wall shows the infiltration of several 
plasma cells (Left). Most of them produce IgG (Middle), and IgG4 is dominant (40%) (Right).
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PET PET/CT CT

Coronal image

Sagittal image
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Figure 74.  Evaluation of aortitis by PET/CT. Extensive encircling accumulation of FDG is observed on the aortic wall (↑).

A: Unenhanced CT B: Contrast-enhanced 
     CT (early-phase)

C: Contrast-enhanced 
     CT (delayed-phase)

Figure 75.  Double-ring like appearance found in the early stage of Takayasu arteritis. Encircling wall thickening is observed 
around the aorta. Contrast-enhanced CT shows a low-density area on the inside and a high-density area on the outside, showing 
a double ring-like appearance on the thickened wall (↑).
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radiography shows linear calcification of the aortic margin 
and cardiac enlargement due to aortic valve insufficiency, 
and patients with severe aortic stenosis show rib notching 
that reflects the development of collateral flow from the 
intercostal artery. In addition, CT shows encircling 
calcification of the arterial wall, and CT/MR angiography 
visualizes localized-diffuse stenosis/dilation of blood vessels 
and development of collateral flow.

 ▋4.3 Invasive Treatment
Indications of aortitis for invasive treatment are the same 
as those for non-inflammatory stenotic and aneurysmal 
lesions. However, persistent inflammation increases the 
risk of insufficient anastomosis with prosthetic graft. 
Therefore, it is desirable that inflammation is in remission 
before elective invasive treatment.

Most cases of aortitis in Japan are Takayasu arteritis. 
Also, the incidence of giant cell arteritis in Japan is consid-
erably low, and evidence for its invasive treatment has been 
scarce. Thus, this section mainly describes an invasive 
treatment for Takayasu arteritis. This section focuses on 
the thoracoabdominal obstruction type and arterial 
aneurysm type in the classification of Ueno et al.1722

  ▋ 4.3.1 Surgical Revascularization
a. Thoracoabdominal Obstructive Type Lesions
Thoracoabdominal obstructive type lesions generally present 
with atypical coarctation of the aorta and often develops a 
stenosing lesion from the distal descending aorta to the 
abdominal aorta. Also, it presents with renovascular 
hypertension in addition to ischemic symptoms of the 
major abdominal branch. Aorta-aorta bypass surgery, 
axillary artery-femoral artery bypass surgery, and aortic 
replacement are performed in consideration of long-term 
results and invasiveness. Patients presenting with a lesion 
in the major intraperitoneal branch and ischemic symptoms 
of each organ require revascularization of the artery.

b. Aneurysmal Lesion
True aneurysm accounts for the majority of expanded 
lesions, and the incidence of dissecting aneurysm is low. Its 

surgical indications are based on those of normal TAA/
TAAA, AAA, and peripheral arterial aneurysm, which 
are degenerative diseases. It often occurs with stenotic 
lesions described above, and such patients require compre-
hensive measures, including auxiliary means and surgical 
procedures.

  ▋ 4.3.2 Endovascular Treatment
Stent-graft deployment for stenotic lesions and arterial 
aneurysms has been attempted.1723 However, it is not 
considered the first treatment choice for stenotic lesions 
since all layers of the arterial wall are accompanied by scar 
fibrosis and calcification.1724 Its long-term results for arterial 
aneurysm are currently unknown.1725

 ▋4.4 Medical Treatment (Table 55)
Medical treatment of aortitis is performed with steroids that 
have an anti-inflammatory effect, immunosuppressants, 
and biochemical preparations. The medical treatments of 
Takayasu arteritis, giant cell arteritis, vascular Behçet’s 
disease, inflammatory aortic aneurysm or inflammatory 
periaortitis, aortitis as one of the IgG4-related diseases, 
and infected aortic aneurysm are outlined below.

  ▋ 4.4.1 Takayasu Arteritis
a. Steroids
The administration of steroids is a basic treatment that has 
traditionally been used for aortitis, and it is important as 
an initial treatment. However, the efficacy rate of steroids 
alone is approximately 50%.1726,1733

i. Indications
Even if Takayasu arteritis is suspected from the clinical 
course, steroid therapy may not be indicated if the inflam-
mation activity is low. If possible, F-18FDGPET or PET/
CT examination is performed to objectively evaluate 
inflammation.1719

ii. Administration Methods
For Takayasu arteritis, “Prednisolone 0.5–1 mg/kg/
day × 2–4 weeks → Dose reduction of 5 mg per week (up to 
30 mg/day) → Dose reduction of 2.5 mg per week (up to 
20 mg/day) → Dose reduction that does not exceed 1.2 mg 

Table 55. COR and LOE for the Medical Treatment of Aortitis 

COR LOE

It is recommended to administer steroids for Takayasu arteritis1726 I B

It is recommended to administer tocilizumab in addition to steroids for Takayasu arteritis1727 I B

It is recommended to administer steroids for giant cell arteritis1728 I B

It is recommended to administer tocilizumab in addition to steroids for giant cell arteritis1729 I B

It is recommended to administer steroids for aortitis as an IgG4-related disease1730 I C

 The administration of steroids should be considered for an inflammatory aortic aneurysm whose 
maximum diameter is not indicated for surgery1731 IIa C

 The administration of antimicrobial drugs with sensitivity to infected aortic aneurysms should be 
considered IIa C

 Steroid administration + immunosuppressive therapy should be considered for vascular (type) 
Behcet’s disease1732 IIa C

COR, class of recommendation; LOE, level of evidence.
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per month → Maintenance dose: 5–10 mg/day” is recom-
mended as a guide.1711 For other diseases, there is no guide 
for the starting dose, and in several cases, the dose is 
determined based on that for Takayasu arteritis.
iii. Follow-up
Exacerbation is determined by the CRP level using blood 
collected at the time of follow-up at the outpatient 
department. Additionally, erythrocyte sedimentation rate, 
pentraxin 3 (PTX3), and other inflammatory markers have 
been investigated as indices for follow-up, although none 
is considered optimal. If a patient exhibits exacerbation of 
symptoms and imaging findings in addition to CRP levels, 
treatments, including immunosuppressants and biochemical 
preparations, as well as steroids, are reexamined at 
readmission.
iv. Concomitant Drugs
Attention must be paid to hyperglycemia, susceptibility to 
infection, gastric ulcer, and osteoporosis caused by the 
administration of steroids. Blood glucose levels need to be 
strictly managed at the start of steroid administration, and 
its treatment is performed if necessary. The susceptibility 
to infection is managed under hospitalization until the 
dose of steroids is reduced to some extent, and ST-mixed 
formulations are orally administered. Oral drugs are 
administered to prevent gastric ulcer and osteoporosis.
v. Patients Complicated by Aortic Aneurysm
It has been reported that 15% of patients with Takayasu 
arteritis are complicated by aortic aneurysm.1734 The 
reoperation rate and the rate of lesions appearing at the 
surgical and other sites were reported to be significantly 
higher in patients undergoing surgery with inflammation 
than in those undergoing surgery after controlling inflam-
mation.1735 Also, surgery with inflammation leads to 
problems, such as postoperative pseudoaneurysm. Thus, 
surgery after controlling inflammation to the possible 
extent is recommended. On the other hand, it has been 
reported that the administration of steroids leads to a fragile 
aortic wall, increasing the risk of rupture.1736–1738 Thus, the 
option of performing surgery without steroid therapy must 
be carefully considered for patients with a large aneurysm 
diameter.

b. Immunosuppressants and Biological Preparations
If recurrence occurs after steroid therapy, immunosup-
pressants or biological preparations are administered in 
combination with steroids, with the expectation of their 
synergistic effects with steroids or dose reduction effects of 
steroids. Immunosuppressants include methotrexate, 
azathioprine, cyclophosphamide, mycophenolate mofetil, 
tacrolimus, and cyclosporine, while biological preparations 
include tocilizumab (anti-IL-6 receptor antibody) and 
TNF inhibitors. In particular, tocilizumab is expected to 
become a major therapeutic drug along with steroids in the 
future. However, it is currently positioned as a drug for 
recurrence cases after steroid therapy or a drug for 
recurrence prevention.1726

  ▋ 4.4.2 Giant Cell Arteritis
First, steroids are administered,1728 and if recurrence 
occurs, a treatment similar to that for Takayasu arteritis, 
such as steroids + tocilizumab,1729 is given.

  ▋ 4.4.3 Vascular (Type) Behçet’s Disease
Vascular (type) Behçet’s disease is a special type of Behçet’s 
disease, and it refers to the one that meets the criteria of 

complete or incomplete type with pathological conditions, 
such as arterial aneurysm, arterial occlusion, deep vein 
thrombosis, and pulmonary embolism. A combination of 
steroids+immunosuppressants is used;1732 however, there 
has been no solid evidence for the management of large 
artery lesions.

  ▋ 4.4.4 Inflammatory Aortic Aneurysm
Steroid therapy is often successful and is the first treatment 
choice.1731 There is no established starting dose of steroids; 
however, it is often decided based on that for Takayasu 
arteritis. For aortitis, which is an IgG4-related disease, some 
have suggested the starting dose of 0.5–0.6 mg/kg/day.1730 
Immunosuppressants may be used for patients with recur-
rence; however, they are not considered as a sufficiently 
established treatment at present. If the diameter of 
inflammatory aortic aneurysm has exceeded the surgical 
indication, invasive treatment should also be considered 
regardless of the control of inflammation with steroids.

  ▋ 4.4.5 Infected Aortic Aneurysm
Since patients have a fragile aortic wall due to some 
infection, open surgery that can remove infected wound is 
performed as radical treatment, and it should be performed 
promptly without delay. For medical treatment, antimi-
crobial drugs are administered to control preoperative 
infection and prevent recurrence after surgery. However, 
caution is needed as one may miss the timing of surgery 
with an undue focus on the control of preoperative infection, 
which leads to rupture. Steroids are rather contraindicated.

5. Aortic Tumor

 ▋5.1 Pathology
Most common aortic tumors are intimal sarcoma that 
develops into the lumen, and primary tumors originating 
from the smooth muscle of the aortic wall are highly rare. 
Intimal sarcoma is a rare malignant soft tissue tumor that 
develops mainly in the intima of the great arteries, such as 
the aorta, pulmonary artery, and inferior vena cava, and 
grows in blood vessels. Approximately 100 cases have been 
reported to date.1739 Its prognosis in the aorta is highly 
poor; however, its detection at early onset is difficult as it 
grows relatively slowly in the lumen. On the other hand, 
some patients with intimal sarcoma of the pulmonary 
artery were reported to have a relatively long prognosis. 
Intimal sarcoma and thrombus attached to the lumen side 
of the blood vessel of the tumor may occlude the lumen at 
the vascular bifurcation, which may be considered throm-
boembolism (Figure 76). Aortic intimal sarcoma causes 
multi-organ infarction, for which thrombectomy surgery 
using a catheter is performed, and its pathology may lead 
to the diagnosis of aortic intimal sarcoma. Intimal sarcoma 
that developed from the anastomotic site of prosthetic 
graft was also reported.1740 Cases of aortic intimal sarcoma 
that developed as aortic valve stenosis have also been 
reported.1741

Histologically, aortic tumors are classified into “differen-
tiated type (DIS),” which shows tissue differentiation into 
fibroblasts and myofibroblasts, and “undifferentiated type 
(UIS),” which shows no obvious tissue differentiation.1742 
The differentiated type is the most common, and there are 
said to be many cases of epithelioid angiosarcoma that are 
positive for both endothelial markers (CD31, CD34, and 
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factor XIII) and epithelial markers, such as cytokeratin1743 
(Figure 77). The undifferentiated type often shows mitosis 
and exhibits polymorphic nature. Immunohistochemically, 
the undifferentiated type is positive for vimentin and often 
positive for α-smooth muscle actin, while it is negative for 
CD31 and cytokeratin (Figure 78). It is also characterized 
by various histological findings, such as myxomatous, 
osseous metaplasia, and cartilage matrix. However, histo-
logical classification of aortic malignant tumors is difficult, 
and a definitive diagnosis is challenging because of preceding 
symptoms caused by the site of occurrence.

Their differential diseases include aortic aneurysm, endo-
vascular thrombosis, thromboembolism, angiosarcoma 
derived from the vascular wall, and metastatic malignant 
tumor embolism.

 ▋5.2 Diagnostic Imaging
Contrast-enhanced CT examination (Figure 79) or contrast-
enhanced MRI examination is often used for diagnostic 
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Figure 76.  Aortic intimal sarcoma. Tumor invades each 
branch of the aorta.
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Figure 77.  Classification of aortic intimal sarcoma.
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imaging of primary aortic tumors. However, contrast-
enhanced MRI examination, which is superior in evaluating 
tissue properties and discriminating from thrombi, is 
considered the gold standard.1744 However, since some 
cases are often hypovascular tumors, it may be difficult to 
determine the contrast imaging effect of the tumor.1745 In 
the intimal type, which is derived from the intima, grows 
protruding toward the aortic lumen, it must be distinguished 
from atherosclerotic atheroma and parietal thrombosis. 
On the other hand, in the mural type, which is derived 
from the media/adventitia, grows outward, it must be 
distinguished from aortic aneurysm and aortic dissection 
with thrombosed false lumen. The contrast imaging effect 
of the tumor becomes clearer as the size of tumor increases. 
In addition, the tumor exhibits high accumulation in FDG-
PET examination, which is useful for discrimination.1746 
Due to the rate of prevalence of distant metastasis, including 
the bone, bone scintigraphy and PET/CT examination are 
recommended when it is suspected.1744

 ▋5.3 Invasive Treatment
Most of its previous reports are case reports of angiosar-
coma. Thus, its cases are rare, and there have been no 
reports that could be evidence. In addition, the role of 
invasive treatment is not clear. In principle, it is considered 
desirable to resect the mass together with the aorta. 
However, it is often diagnosed after metastasis has 
progressed, and the resection itself is often difficult. Stenosis 
release by endarterectomy or stent-graft deployment may 
be useful for improving life prognosis.1747

6. Traumatic Aortic Injury (Table 56)

Aortic injury due to blunt trauma is mainly caused by 
rapid deceleration (traffic accident or fall from a high 
place).1751 It is said to occur more commonly at the site 
where the aorta is fixed, such as the aortic root, the vicinity 
of ligamentum arteriosum, and diaphragm; additionally, 
90% of its cases occur in the aortic isthmus in the vicinity 
of the ligamentum arteriosum.1038,1748

 ▋6.1 Pathology
Injury due to traffic accidents is more likely to occur in the 
thoracic descending aorta, and in particular, many cases 
develop lateral rupture immediately after the bifurcation 
of the left subclavian artery. A large rupture results in 
massive hemorrhage, and it is fatal. However, if the injury 
is small, a hematoma may form under the adventitia, 
resulting in a pseudoaneurysm. It may take several months 
to a year to form an aneurysm after injury.

Aortic aneurysms in the chronic stage after an injury 
often exhibit the morphology of saccular aneurysms. 
Histopathologically, several cases exhibit a sudden disrup-
tion of the normal medial elastic membrane, resulting in a 
pseudoaneurysm (Figure 80). In patients with a pseudoan-
eurysm, it is important to understand their medical history 
of traumatic aortic injury. Although rare, the degeneration 
of the medial smooth muscle layer due to aging may cause 
dissection when inserting a blood supply tube during 
surgery.

Rabin et al. has classified these according to the degree of 
injury as follows:1751 Grade 1: intimal failure or hematoma 
in the intima, Grade 2: localized pseudoaneurysm (less 
than 50% of the entire circumference), Grade 3: extensive 
pseudoaneurysm (50% or more of entire circumference), 
and Grade 4: rupture or tear of the blood vessel.

 ▋6.2 Diagnostic Imaging
The findings on chest radiography include upper mediastinal 
dilatation, disappearance of the aortic ridge, left hemothorax, 
apical cap, 1st/2nd rib fracture, right tracheal deviation, 
downward deviation of the left main bronchus, and right 
deviation of the gastric tube; however, there are also 
false-negative cases.112

CT examination can be performed quickly with high 
reproducibility, and its sensitivity and specificity are both 
approximately 100%. Thus, it is an essential examination 
if this disease is suspected. CT findings of thoracic aortic 
injury show the formation of a thin-walled saccular aortic 

A

B

C D

Figure 79.  Aortic tumor (intimal sarcoma of the descending 
aorta). (A–C) Contrast-enhanced CT, axial images. (D) 
Contrast-enhanced CT, sagittal image.

Table 56. COR and LOE for Diagnosis and Treatment of 
Traumatic Aortic Injury

COR LOE

 It is recommended to perform CT examination 
on patients suspected of having aortic 
injury1038,1748

I C

 It is recommended to perform TEVAR on 
patients with aortic injury96,1749,1750 (See 
Tables 9 and 33)

I C

COR, class of recommendation; CT, computed tomography; LOE, 
level of evidence; TEVAR, thoracic endovascular aortic repair.
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aneurysm in the aortic isthmus, which is often accompanied 
by a surrounding hematoma (Figure 81). If it is accompa-
nied by aortic dissection or intramural hematoma, it exhibits 
findings similar to those of acute aortic dissection; however, 
their range is often localized. In addition, mediastinal 
hematoma and hemothorax may be observed. 3D CT 

imaging, such as multi-planar reconstruction (MPR), is 
useful for preoperative evaluation when performing a 
treatment with stent graft (SG).

On the other hand, bedside transesophageal echography 
is useful if CT examination is difficult due to unstable 
hemodynamics. Also, it is advantageous that it can concur-
rently evaluate not only aortic injury, but also associated 
pathological conditions, such as injury to the right ventricle, 
right atrium, and tricuspid valve, as well as thrombus in 
the inferior vena cava. However, esophageal injury has 
been caused by transesophageal echography in some cases, 
and it is a serious complication to be noted.

 ▋6.3 Invasive Treatment
With respect to traffic accident- or falling-related aortic 
injury, the mortality rate in the scene of an accident is 
reportedly ≥80%, and multiple trauma is observed in many 
cases. However, the probability of life-saving in surviving 
patients transported to a hospital has increased. Such aortic 
injury is classified into four types: type I (intimal injury), 
type II (intramural hematoma), type III (pseudoaneurysm), 
and type IV (rupture).1749 The most frequent site is the 
aortic isthmus. To treat traumatic aortic injury of the aortic 
isthmus or descending aorta, SG treatment should be 
considered.96,1750 Aortic injury is a part of multiple trauma 

Aortic arch pseudoaneurysm Pseudoaneurysm after trauma that occurred 
two years prior. Intimal hyperplasia 
developed at the site of medial loss (↑), 
resulting in a pseudoaneurysm

Site of medial loss

Aortic arch aneurysm has been recently 
pointed out, which was caused by a traffic 
accident that occurred 20 years prior. The 
right half of the medial elastic membrane 
layer has disappeared due to the trauma, 
resulting in fibrosis. The adventitia is 
severely fibrous and thickened (↔)

Iliac artery injury immediately after trauma. 
The media is completely interrupted, and 
a thrombus is attached

Figure 80.  Traumatic aortic injury.

A: Contrast-enhanced CT B: Contrast-enhanced CT, 
     MPR image

Figure 81.  Traumatic aortic aneurysm. Both (A) and (B) show 
a saccular aneurysm in the thoracic descending aorta (↑), 
suggesting a traumatic aortic aneurysm.
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in many cases, and open surgery using cardiopulmonary 
bypass is highly risky.1752–1754 On the other hand, SG 
treatment does not require cardiopulmonary bypass, 
facilitating the subsequent, prompt treatment of other 
concomitant trauma; therefore, this procedure has markedly 
improved the results of treatment.1755–1758

As fatal rupture occurs in the early phase (within 24 h), 
it has been indicated that the condition should be promptly 
treated, but a study suggested that treatment should be 
performed after the general condition becomes stable in 
type-I patients. The risk should be evaluated based on the 
degree of rupture or intimal injury, and it is also useful to 
delay the timing of SG deployment or select noninvasive 
treatment.1751,1759–1763

As the incidence of SG-associated complications is high, 
SGs have been improved.1750,1754 In Japan, one device for 
traumatic aortic injury is approved.

7. Congenital Aortic Diseases

 ▋7.1 Kommerell’s Diverticulum
  ▋ 7.1.1 Concept and Pathogenesis

In 1936, Kommerell reported a patient in whom the 
esophagus was compressed by a diverticulum located 
between the left aortic arch and descending aorta in the 
presence of aberrant right subclavian artery, leading to 
dysphagia.1764 Currently, Kommerell’s diverticulum is 
defined as a “diverticulum at the proximal descending 
aorta with aberrant subclavian artery”. In the embryonic 
phase, the left aortic arch, right aortic arch, aberrant 
subclavian artery, and Kommerell’s diverticulum related 
to developmental anomalies of aortic arch branches are 
formed.500 Of all births, the left aortic arch with aberrant 
right subclavian artery accounts for 0.7 to 2.0%, and the 
right aortic arch with aberrant left subclavian artery 
accounts for 0.04 to 0.4%.1765 Of these, Kommerell’s 
diverticulum aneurysm formation is observed in 20 to 60% 
(Figure 82A).

  ▋ 7.1.2 Symptoms
In children, diverticulum aneurysm-related direct compres-
sion or vascular rings formed by diverticulum aneurysms 
induce symptoms. A primary symptom is respiratory 

disorder related to stenosis of the airway. In most adult 
patients, this disease is asymptomatic, but dysphagia, 
thoracic pain, and laterality of the upper limb blood pres-
sure are sometimes observed. With recent advances in 
imaging procedures, symptom-free patients have been 
incidentally detected. In adulthood, aneurysmal rupture or 
aortic dissection occurs in some cases, but no study has 
reported on the natural history.

  ▋ 7.1.3 Diagnosis
CT/MRI are useful, and the relationship with adjacent 
organs or presence of a vascular ring can be evaluated. No 
definite method to measure the diverticulum aneurysm 
diameter has been established, and no aneurysm-diameter-
based criteria for the risk of rupture or dissection have 
been unified. Furthermore, it is necessary to evaluate the 
relationship with adjacent organs and presence or absence 
of compression using imaging procedures. On chest X-ray, 
a shadow of the deviated aorta is sometimes observed, and 
barium esophagography reveals its stenosis in some 
patients with dysphagia (Figure 82B).

  ▋ 7.1.4 Surgical Indications
When respiratory disorder related to dysphagia or stenosis 
of the airway associated with compression by Kommerell’s 
diverticulum aneurysms is present, surgery is indicated. 
However, the condition is asymptomatic in many patients. 
Whether or not surgery should be indicated is examined 
based on the diverticulum aneurysm diameter/morphology. 
When the aneurysmal diameter exceeds 50 mm, or when 
the orifice of the subclavian artery with an anomalous 
origin measures >30 mm in diameter, the indication of 
surgery may be appropriate.1766

  ▋ 7.1.5 Treatment Methods
a. Thoracotomy
The purpose of thoracotomy in childhood and adulthood 
is to resect Kommerell’s diverticulum aneurysms and 
reconstruct aberrant subclavian artery. In childhood, 
resection of Kommerell’s diverticulum aneurysms, dissec-
tion of the arterial ligament, and reconstruction for 
aberrant subclavian artery are performed.1767 In adulthood, 
prosthetic graft replacement is selected rather than closure 
of diverticulum aneurysms and patch plasty.

Kommerell’s 
diverticulum 
aneurysm

A B

Figure 82.  Kommerell’s diverticulum 
aneurysm (A) and esophageal stenosis 
in a patient with dysphagia (B).
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Based on the position of diverticulum aneurysms, 
descending aortic replacement by right or left lateral 
thoracotomy is performed. When aberrant subclavian 
artery is present, reconstruction is conducted. In this case, 
surgery is possible under partial cardiopulmonary bypass. 
Furthermore, total arch replacement by median sternotomy 
is selected in accordance with the type of concomitant 
diseases. Concerning reconstruction for aberrant subclavian 
artery, there are two methods: in situ reconstruction and 
extra-anatomical bypass. However, when selecting extra-
anatomical bypass for reconstruction, compression of adja-
cent organs may persist. The favorable results of approach 
and treatment methods for diverticulum aneurysms have 
been reported in both reconstructed ways.500,1768

b. Endovascular Treatment
Hybrid TEVAR is selected in some cases, but the number 
of such sessions is small, and its remote-phase results 
remain to be clarified. Complications, such as endoleak, 

AEF, and ischemia of the upper limbs, have been reported, 
and the indication must be carefully determined.

 ▋7.2 Coarctation of the Aorta
This is the most frequent congenital aortic disease that 
induces stenosis at the distal aortic arch, accounting for 
0.5% of all births (Figure 83). Based on the positional 
relationship between the site of stenosis and arterial duct 
(ligament), this disease is classified into pre-duct (infant 
type) and post-duct (adult type) types. It is often compli-
cated by patent ductus arteriosus, ventricular septal defect, 
or other congenital heart diseases. In most cases, coarctation 
of the aorta is treated prior to adulthood.

Physical findings include an increase in the upper limb 
blood pressure, a reduction in lower limb pulsation palpa-
bility, left scapular murmurs, and thrill palpability. 
Developmental disorder of the lower limbs, intermittent 
claudication of the lower limbs, left ventricular hypertrophy, 
heart failure, nasal bleeding, and rib notching on chest 
X-ray are sometimes observed. According to a report on 
the natural history of this disease in ≥1-year-old patients 
published by Campbell et al., the average life expectancy is 
34 years, and the causes of death include heart failure 
(25%), aortic rupture (21%), infectious endocarditis (18%), 
intracranial hemorrhage (12%), and others (24%).1769 
Enlargement of an advanced collateral pathway, Abbott’s 
artery, induces spinal cord compression-related SCI or 
rupture in some cases. Therefore, early invasive treatment 
is necessary, and in-situ/extra-anatomical bypass is indi-
cated.1770 Recently, the efficacy and safety of stent graft 
treatment were reported.1771

Pseudocoarctation of the aorta was first reported as a 
subclinical form of coarctation by Souders et al.1772 It is 
sometimes termed “kinking or buckling of the aortic arch” 
due to its morphological characteristics. This is a congenital 
anomaly that develops in the initial embryonic phase. The 
diagnostic criteria prepared by Gay et al. include an abnormal 
shadow of the left superior mediastinum, a pressure differ-
ence of <25 mmHg in the upper and lower limbs, the 
absence of a collateral pathway, and prolongation of the 
aortic arch to descending aorta origin.1773 Furthermore, the 
position of the aortic arch is high, and the aorta sometimes 

Figure 83.  Coarctation of the aorta.

Left vertebral artery

Right subclavian 
artery aneurysm

Diverticulum at the 
origin of the left 
subclavian artery

Residual arterial 
duct aneurysm

Figure 84.  Cervical aortic arch.
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kinks at the aortic isthmus. When aneurysm formation is 
observed, treatment is performed.

Stenosis related to aortitis syndrome (Takayasu arteritis/
pulseless disease) is termed “atypical coarctation of the 
aorta”, differing from congenital coarctation of the aorta.

 ▋7.3 Cervical Aortic Arch
This is a rare congenital aortic disease. It refers to a devel-
opmental anomaly on aortic-arch formation from the 
fourth branchial arch in the embryonic phase, which is 
associated with a remaining higher branchial arch. Mullins 
et al.1774 defined this disease as a condition in which the 
vertex of the aortic arch is present in the cervix, with an 
anomalous origin of an aortic arch branch and abnormality 
in the descending aorta configulation. However, other 
investigators defined it as a condition in which the vertex 
of the aortic arch reaches an area cephalic to the clavicle 
(Figure 84). In some cases, this disease is palpable as a 
pulsatile cervical mass, or compressive symptoms of the 
airway or esophagus are observed. Haughton1775 classified 
this disease into 5 types (A to E) based on the shape of the 
aortic arch and arrangement of arch branches. Several 
studies reported surgery for type D (left cervical aortic arch 
with a normal cervical branch, with a surplus aortic arch 
and hypoplastic left descending aorta in some cases).1776,1777

8. Aortic Esophageal / Bronchial Fistula  
(Table 57)

 ▋8.1 Aorto-Esophageal Fistula
  ▋ 8.1.1 Concept

Aorto-esophageal fistula (AEF) is a relatively rare disease; 
however, its prognosis is highly poor. With the increase in 
endovascular treatment, such as SG deployment, secondary 
AEF has been increasing in the recent years.967,1778

AEF was first reported by Dubrueil in 1818.1784 In 1914, 
Chiari reported three clinical signs of AEF, which are (1) 
pain in the mid-thoracic region, (2) a small amount of bright 
red hematemesis in the early stage, and (3) subsequent 
massive hematemesis,1785 calling it “aortic esophageal 
syndrome.” AEF due to foreign body aspiration, such as 
fish bone, is most consistent with these clinical findings, 
and symptoms vary depending on the cause. In 1980, 
Ctercteko and Mok reported the first successful surgical 

case of AEF caused by foreign body aspiration.1786 The first 
successful case of AEF caused by TAA is said to be the one 
reported by Snyder and Crawford in 1983.1787 However, its 
treatment results are poor even today, and there have been 
few studies with a large number of cases.

The occurrence mechanism of AEF remains unknown; 
however, it has been hypothesized that occlusion of the 
esophageal artery, inflammation of the mediastinum due 
to a hematoma, and mechanical compression by aneurysm 
or SG may lead to impaired blood flow in the esophageal 
wall, causing AEF.967,1778 On the other hand, some have 
suggested that infection of SG and prosthetic graft should 
be considered as the first factor of fistula formation.1788 
Compression necrosis of the esophagus, ischemic necrosis 
due to occlusion of esophageal feeding blood vessels by 
SG, collapsed esophageal lumen due to oversizing of SG 
and repeated TEVAR, confinement of bacteria in the 
infected aneurysm, and endoleak have been considered as 
the occurrence mechanism of secondary AEF.1778,1780,1789

  ▋ 8.1.2 Epidemiology
The factors of AEF are diverse, as shown in Table 58. 
However, the most common cause of primary AEF is TAA, 
and its incidence is said to be 0.16%.1780 The incidence of 
secondary AEF and aorto-bronchial fistula (ABF) after 
open surgery for TAA is 1.7%,641 which is comparable to 
that after TEVAR of 1.7%.967 However, TEVAR has a 
shorter time to AEF onset.1790

The most common site is the posterior to left wall of the 
esophagus (upper/middle) 20–30 cm from the incisors, and 
its location can be confirmed by esophageal endoscopy. 
However, there have been few reports accurately describing 
its location on the aortic side. Based on the studies describing 
its locations,126–129 it was found in the arch in 16%, the 
descending region in 78%, thoracoabdominal region in 6%, 
indicating that most are in the descending aorta.

Staphylococcus aureus is the most common primary 
causative organism, followed by hemolytic streptococcus. 
Others include Escherichia coli, Pseudomonas aeruginosa, 
fungus, Enterococcus, and Streptococcus pneumoniae.1790 In 
addition, patients having MRSA as the primary causative 
organism have a poor prognosis, and their 30-day mortality 
rate exceeds 70%.1790

With regard to its symptoms, the above three signs 
described by Chiari have long been known; however, the 
incidences of precursor hematemesis and chest pain are not 

Table 57. COR and LOE for the Treatment of Aorto-Esophageal Fistula and Aorto-Bronchial Fistula

COR LOE

 It is recommended to perform TEVAR as a life-saving measure for aortic rupture associated with 
aortic infiltration of esophageal or lung cancer1778 I C

 When massive hemorrhage occurs due to aorto-esophageal or aorto-bronchial fistula or when 
there is a concern about massive hemorrhage, performing TEVAR to the earliest extent possible 
should be considered to prevent massive hemorrhage1779

IIa C

The removal of infected tissue, including artifacts, should be considered126,127,1778,1780–1783 IIa C

Esophagectomy should be considered for aorto-esophageal fistula126,127,1778,1781,1782 IIa C

 When the rupture of aorto-esophageal or aorto-bronchial fistula associated with cancer radiation 
therapy or chemotherapy is concerned, treatment should be considered after preventing the 
failure with TEVAR in line with the primary aortic esophageal/bronchial fistula or cancer  
infiltration site1778

IIa C

COR, class of recommendation; LOE, level of evidence; TEVAR, thoracic endovascular aortic repair.
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considerably high at 65% and 59%, respectively.1780 Also, 
Czerny et al. reported that unidentified fever, hematemesis, 
and shock were found in 81%, 53%, and 22% of AEF 
patients after TEVAR, respectively,1778 while Chiesa et al. 
reported that hematemesis, unidentified fever, shock, and 
chest pain were found in 68%, 58%, 26%, and 5% of 
patients, respectively.967 In a comparative study of open 
surgery and TEVAR, pain (73% vs. 35%) and fever with the 
chills (84% vs. 61%) were more common in open surgery, 
while hematemesis (12% vs. 42%) was more common in 
TEVAR.1790

The view that long-term survival cannot be achieved by 
conservative therapy alone, such as the administration of 
antimicrobial drugs, remains unchanged today. Czerny et 
al. reported that no patients survived for one year without 
esophagectomy,1778 and Akashi et al. stated that 
esophagectomy, prosthetic graft replacement (including 
homograft), and omentum wrapping are necessary for 
lifesaving and that the treatment should not be limited to 
TEVAR.126 The results of radical surgeries, such as 
esophagectomy and prosthetic graft replacement, showed 
favorable in-hospital mortality rates of 14.3%,1781 22.2%,127 
and 25%,1782 while a poor rate of 64% was also reported.967 
However, all patients had poor long-term results, and even 
a report by Yamazato et al., which showed favorable 
surgical results, had a 5-year survival rate of 42.4%.127

  ▋ 8.1.3 Diagnosis
It often takes time from the stage of initial symptoms, such 
as unidentified fever, chest pain, and early small hematemesis, 
to diagnosis. The marked inflammatory findings on blood 
tests may trigger its detection. CT examination is useful for 
diagnostic imaging. Fluid accumulation with gas patterns 
around the aorta and esophagus indicates edema or 
abscess formation due to inflammation, and it is a finding 
for strongly suspecting infection. In addition, using 
esophageal endoscopy, the diagnosis of AEF can be nearly 
confirmed by a small ulcer image on the esophageal wall or 
protrusion of a foreign body;1791 however, it is not always 
necessary depending on the condition of the patient. Other 
diagnostic methods include aortography and esophageal 
barium contrast examination; however, they are not 
commonly used. In addition, when deciding on the 
treatment policy, PET/CT examination may be useful in 
determining the range of infection or inflammation.

  ▋ 8.1.4 Treatment
The patients cannot be saved by conservative therapy 
with antimicrobial drugs alone, and invasive treatment is 
required.1778,1780 Although some reports demonstrated that 
the patients were saved by TEVAR alone, SG deployment 
in infected parts poses a major problem in the long-term 
prognosis. Kan et al. reported that the 1-year survival 
rate of patients who had undergone TEVAR or EVAR 
for infected aortic aneurysm was inferior in the persistent-
infection group compared with the infection-cured 
group.1783 In general, the prognosis of patients undergoing 
TEVAR alone or esophageal stent alone is poor,126,127,1778 
and esophagectomy, cleaning and sufficient lavage of 
infected tissue, removal of infected aorta and recon-
struction of the aorta, and omentum wrapping of the 
reconstruction site are all required for long-term 
survival.126,127 These treatments may be given in one 
stage127 or in stages in consideration of the condition of the 
patient and the degree of invasiveness.128,129 Once the 
postoperative infection is controlled, esophageal recon-
struction is finally performed.

a. Antimicrobial Therapy
The administration of intensive antimicrobial drugs is 
started according to the result of the culture test. If multiple 
or no bacteria are identified, widely effective antimicrobial 
drugs are administered as the initial response. However, 
since an infection focus is present in the mediastinum, its 
goal is only to control infection until surgery.

b. TEVAR for the Control of Massive Hemorrhage
If there is a massive hemorrhage from AEF or concern 
about massive hemorrhage, it is essential to first prevent 
massive hemorrhage with urgent TEVAR (bridging 
TEVAR).1779 If the patient is in a state of shock due to 
massive hemorrhage, the use of SB (Sengstaken-
Blakenmore) tubes is useful for hemorrhagic control until 
TEVAR.1792

c. Esophagectomy
If esophagectomy and aortic reconstruction are performed 
concurrently, the esophagus can be removed after resection 
of the aorta with the left thoracotomy approach. If a 
staged approach is selected, the esophagus is resected with 
right thoracotomy or right thoracic endoscopy for sufficient 
dissection and lavage of infection focus. In any case, 
esophageal fistula is created in the cervical region, and 
gastric fistula is created in the upper abdominal region.

d. Aortic Reconstruction
In principle, a total resection of the prosthetic graft and SG 
is performed in secondary AEF. It is performed with a left 
thoracotomy; however, its approach differs depending on 
the site. If it extends to the aortic arch, a method of 
expanding the field of view with a trans-sternal incision 
from anterior lateral thoracotomy or posterior lateral 
thoracotomy is used. If it extends to the lower descending 
aorta, a Stoney incision or anterior-lateral linear incision 
based on thoracoabdominal aortic surgery is used. In any 
case, the femoral arteries and veins are exposed, and 
surgery is performed under extracorporeal circulation. If 
it extends to the aortic arch, the aorta is reconstructed 
using hypothermia (25–28°C) and anterograde selective 
cerebral perfusion in combination. If clamping of the aorta 
beyond distal aortic arch can be performed, the aorta is 

Table 58. Causes of Aorto-Esophageal Fistula

After TEVAR
Secondary

After thoracic aorta prosthetic graft replacement

Thoracic aortic aneurysm

Foreign body aspiration

Esophageal cancer

Esophageal ulcer and regurgitation

Tuberculosis

Traumatic pseudo aortic aneurysm

Accidental ingestion of alkaline solution

Tracheoesophageal aortic fistula

Atherosclerotic aortic ulcer

Congenital aortic arch abnormality

TEVAR, thoracic endovascular aortic repair. (Source: Prepared 
based on Hollander JE, et al. 1991.1780)
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reconstructed with the upper body under autologous beating-
heart and the lower body under partial extracorporeal 
circulation. The infected aorta and tissue are removed first. 
If esophagectomy is performed concurrently, the esophagus 
is removed after the removal of the aorta, and both stumps 
are temporarily closed. Subsequently, sufficient lavage is 
performed.

Previously, revascularization of the lower body was 
performed by the closure of the aortic stump and ascending 
aorta-abdominal aorta bypass (extra-anatomical bypass) 
to avoid transplanting prosthetic graft in the infection 
focus. However, in-situ prosthetic graft replacement has 
recently been used as the first choice in several cases. 
Considering the complications of pseudoaneurysm and 
hemorrhage of the aortic stump and bypass occlusion that 
may occur in the late stage of extra-anatomical bypass,1793 
in-situ prosthetic graft replacement is expected to become 
the standard procedure.

e. Selection of Graft
Vogt et al. reported that homograft (cryopreserved alloge-
neic graft) was highly effective for infection control in 
infected aortic aneurysms.1794 However, homografts cannot 
be easily obtained in Japan due to the small number of 
homografts stored in tissue banks, and the diameter of 
homografts is often small. Lesèche et al. reported that 
occlusion and aneurysm formation were observed in 17% 
of patients in an average of 3 years of follow-up after 
homograft transplantation,1008 and it still has a problem in 
its long-term results.128,1795 Therefore, in Japan, prosthetic 
graft is commonly used, and several studies have reported 
cases of using rifampicin-immersed graft prepared intraop-
eratively.1796,1797 In addition, there are ePTFE (expanded 
polytetrafluoroethylene) prosthetic graft, prosthetic graft 
made from bovine pericardium,503 and silver-coated pros-
thetic graft;1798 however, their effectiveness is unknown.

f. Omentum Wrapping
Omentum, which is a tissue rich in blood flow and lymph, 
is thought to be effective for infection control, and it is 
often used for the treatment of mediastinitis after open 
heart surgery.1012 In AEF surgery, the area around the 
prosthetic graft transplanted in situ is covered with omentum 
to prevent the spread of infection. Pedunculated omentum 
having either the right or left gastroepiploic artery as 
vascular pedicle can be used for a wide range of aorta from 
the arch to the descending region.911,1013 Akashi et al. 
reported the usefulness of pedunculated omentum for 
improving the prognosis of AEF.126

g. Postoperative Antimicrobial Drug
Postoperative intensive antimicrobial therapy is essential. 
Antimicrobial drugs suitable for the primary causative 
organism are administered intravenously for 4–8 weeks, 
aiming to achieve a negative inflammatory response. Some 
have reported that the administration of antimicrobial drugs 
can subsequently be discontinued without any issues,1001 
whereas others have reported that oral antimicrobial drugs 
should be administered for a lifetime.998,1006

h. Esophageal Reconstruction
Esophageal reconstruction is often performed several 
weeks to months after aortic revascularization to wait for 
the complete control of infection and improvement of 
systemic nutritional status. Gastric tube preparation and 

colon conduit are used as alternatives to the esophagus. 
Due to the concerns about suture failure and stenosis of 
the suture site, it is often prepared in the route before or 
after the sternum.

AEF has a high mortality rate; however, a prompt 
preoperative diagnosis and early invasive treatment are 
thought to lead to an improved lifesaving rate.

 ▋8.2 Aorto-Bronchial Fistula
  ▋ 8.2.1 Concept

ABF was first reported by Girardet in 1914.1799 Although 
several case reports have been published since then, ABF 
is reported more often with AEF than by itself, and their 
complication is relatively common clinically. It is often 
divided into primary and secondary ABF depending on the 
cause of occurrence;1781 additionally, fistulas may be 
divided into central and peripheral types depending on 
their location in the airway.1778

  ▋ 8.2.2 Epidemiology
The incidence of ABF varies in the range of 0.3–5%; addi-
tionally, it is not considerably different from that of AEF. 
von Segesser et al. reported that ABF occurred in 8 (5.6%) 
of 145 patients who had undergone surgery for a thoracic 
descending aortic/thoracoabdominal aortic aneurysm.1800 
The occurrence of ABF is also increasing in parallel with 
the dissemination of TEVAR. Luehr,1782 Chiesa,967 and 
Czerny1778 reported that the incidence of ABF after 
TEVAR was 0.5%, 0.4%, and 0.6%, respectively. The 
occurrence mechanism of ABF is different from that of 
AEF; additionally, it is caused by perforation due to the 
compression of SG and aneurysm rupture in several cases.

  ▋ 8.2.3 Diagnosis
Common initial symptoms of ABF are fever and hemoptysis 
or hematemesis of swallowed hemoptysis, and CT exami-
nation often shows pulmonary infiltrative shadow. It is 
easily diagnosed if a large hematoma is present in the 
lungs, however, its differentiation of airway hemorrhage 
from atelectasis due to compression of an aneurysm is often 
difficult with diagnostic imaging. In such cases, bronchos-
copy is recommended; however, its invasiveness is not low. 
In addition, its definitive diagnosis can be made if a fistula 
can be observed directly. However, because the diagnosis 
of the peripheral type is difficult, endoscopic examination 
of ABF is not as useful as that of AEF. If there is an 
airway hemorrhage that deteriorates respiratory condition, 
aneurysm resection and bronchial fistula closure should be 
performed at an early stage, rather than spending time on 
a definitive diagnosis.

  ▋ 8.2.4 Treatment
As with AEF, the results of conservative treatment for 
ABF are poor, and aortic aneurysm resection, SG removal, 
bronchial fistula closure, and pulmonary resection are the 
standard treatments. The treatment results of ABF are 
more favorable than those of AEF. It is because the airway 
has less resident flora than the inside of the esophagus; 
additionally, the airway does not require reconstruction 
like the esophagus. In addition, some cases can be treated 
with TEVAR alone. Canaud conducted a meta-analysis of 
134 patients treated with TEVAR and showed a 30-day 
mortality rate of 5.9%, an aorta-related mortality rate 
after 18 months of 14.3%, and an ABF recurrence rate of 
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11.1%, reporting favorable results.1781 Czerny examined 26 
cases of ABF after TEVAR in the European Registry of 
Endovascular Aortic Repair Complications (EuREC), 
which showed 5 cases undergoing follow-up, 2 cases 
undergoing pulmonary bronchial surgery alone, 9 cases 
undergoing TEVAR alone, and 8 cases undergoing SG 
removal, pulmonary bronchial surgery, and in-situ aortic 
reconstruction.1778 The survival rate after 2 years was 
reported to be 63% in the active treatment group, which 
was more favorable than in those undergoing palliative 
surgery at 21%. As described above, early radical surgery 
is, in principle, performed for ABF, as with AEF; however, 
TEVAR is also an option in some cases.

 ▋8.3  Aortic Fistula Associated With Aortic Infiltration 
of Esophageal/Lung Cancer

Primary aortic esophageal/bronchial fistula associated 
with aortic infiltration of esophageal or lung cancer is 
outside the indication for TEVAR, although TEVAR as a 
life-support (lifesaving) measure through the prevention of 
rupture has been attracting attention as a new approach.1801 
If the rupture of aortic esophageal/bronchial fistula associ-
ated with radiation therapy or chemotherapy is concerned, 
patients may be treated with radiation therapy or chemo-
therapy after undergoing TEVAR as a preventive measure 
for fistula rupture in accordance with the primary aortic 
esophageal/bronchial fistula or the infiltration site of cancer. 
However, such treatment, including the use of TEVAR 
outside the indication, is given at the discretion of each 
facility. Thus, its treatment results are unclear due to the 
limited number of cases and the lack of research at the 
national level.

PQ 12.
Is TEVAR Effective for Aortic Infiltration of Esophageal 
Cancer?

Recommendation
Emergency TEVAR should be performed to treat symp-
tomatic AEF with hemorrhage. Furthermore, preventive 
TEVAR for avoiding hemorrhage or aortic rupture before 
esophagectomy or radio-/chemotherapy is effective.

Anatomically, the esophagus is adjacent to the thoracic 
descending aorta. In approximately 17% of patients with 
advanced esophageal cancer, aortic infiltration is observed.1780 
Advanced esophageal cancer with aortic infiltration may 
progress to an AEF, causing serious hemorrhage.1779,1802 
TEVAR for AEF was first reported in 1994.1803 Subse-
quently, many studies reported that TEVAR prevented 
serious hemorrhage in advanced esophageal cancer patients 
with aortic infiltration, suggesting the usefulness of TEVAR 
for the treatment of advanced esophageal cancer with the 

risk of hemorrhage.732,1801,1804,1805

The timing of TEVAR for advanced esophageal cancer 
with aortic infiltration is classified into two based on its 
purpose. One is emergency TEVAR for achieving hemo-
stasis for symptomatic conditions. In symptomatic advanced 
esophageal cancer patients with hematemesis, aortic 
replacement and esophagectomy are necessary. When such 
esophageal cancer progresses to AEF, a series of open 
surgery, consisting of aortic replacement with a rifampicin-
immersed synthetic graft, omentum wrapping, and 
esophagectomy, is an option, but is extremely invasive. 
The perioperative mortality rate is 45.4–55%.406,1806 On the 
other hand, TEVAR facilitates hemorrhage control through 
stent-graft deployment into the thoracic aorta with tumor 
infiltration alone. This is a minimally invasive, effective 
method that can be conducted in a short time.1807 In the 
case of progression to AEF, the above open surgery may 
be required, but TEVAR is also effective as bridge surgery. 
The mortality rates within 30 days after TEVAR or open 
surgery are reportedly 9.4 and 27.5%, respectively; the 
results of TEVAR are favorable.1806

The other is preventive TEVAR before esophagectomy 
or radiochemotherapy. In advanced esophageal cancer 
patients with aortic infiltration, the aortic wall that tumor 
cells infiltrate may be damaged during open surgery. 
Furthermore, necrosis of infiltrating tumor cells on radio-
chemotherapy may induce aortic-wall rupture.732 If 
pretreatment CT suggests the aortic infiltration of a tumorous 
thoracic lesion, the risk of hemorrhage or rupture may be 
reduced by conducting preventive TEVAR, facilitating safe 
surgery or radiochemotherapy for esophageal cancer.732,1808

Similarly, ABF are observed in some patients with 
pulmonary diseases, including lung cancer.1809–1812 In this 
case, serious hemorrhage may also occur. A primary 
symptom is hemoptysis, but the perioperative mortality 
rate is reportedly 15–24%.1813,1814 Several studies indicated 
that TEVAR for ABF also facilitated minimally invasive, 
effective closure of the fistula site and hemorrhage control, 
suggesting its efficacy on emergencies.1815–1817

After TEVAR for AEF or ABF, remote-phase stent 
graft infection may occur. Broad-spectrum antimicrobial 
drugs should be administered for 6–8 weeks after insertion, 
followed by the oral administration of antimicrobial drugs 
over the lifetime.406 A study reported that the results of 
adequate antimicrobial drug administration were relatively 
favorable: the incidence of postoperative stent-graft 
infection was 2.9%.732

Both emergency TEVAR for hemorrhage in AEF 
patients and preventive TEVAR before surgery/radioche-
motherapy in patients in whom aortic infiltration is 
suspected are useful. However, these types of TEVAR are 
not covered by health insurance, and instructions for use 
(IFU) is not applicable. Currently, the expenditure is borne 
by hospitals. In the future, these should become covered by 
health insurance earlier.
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IX. Rehabilitation

1. Rehabilitation for Aortic Dissection  
(Table 59)

The evidence for rehabilitation for aortic dissection has 
been scarce compared to that for the cardiac region; addi-
tionally, there has been no fixed method/effect (evaluation) 
for rehabilitation. This section describes aortic dissection 
indicated for conservative treatment, that is, uncomplicated 
Type B dissection. Cases in which invasive treatment 
(TEVAR or prosthetic graft replacement) has been 
performed in the acute phase are discussed in the section 
on perioperative rehabilitation.

There have been few reports of standardized rehabilita-
tion for acute dissection. However, as part of a multicenter 
study on the specific medical procedures for acute aortic 
dissection, a rehabilitation program has been created for 
the standardization of diagnostic treatment after hospital-
ization and early bed-leaving, leading to the introduction 
of clinical pathways in clinical settings, with the support of 
the Projects for Establishing and Promoting Effective 
Medical Technology in Clinical Research under the 2002 
Ministry of Health, Labour and Welfare Scientific Research 
Fund.1818 Since acute/subacute complications in acute 
dissection (rupture/impending rupture, organ ischemia, 

uncontrollable hypertension, and enlarged state or rapid 
enlargement) have different prognoses depending on the 
disease type and pathological condition, they cannot be 
easily managed with one rehabilitation program. Shorter 
rehabilitation courses are recommended for pathological 
conditions that are less likely to cause aortic dissection 
complications. Early bed-leaving reduces pneumonia and 
restlessness requiring the use of drugs. Thus, the active 
promotion of rehabilitation in low-risk patients is expected 
to shorten the lengths of their ICU stay and hospitaliza-
tion,1397,1819 which also allows for the safe implementation 
of a short-term rehabilitation program.1395 The condition 
may worsen during rehabilitation, and complications may 
occur. Thus, if a patient has developed complications, 
rehabilitation is discontinued, and invasive treatment is 
reconsidered. Short-term rehabilitation programs are not 
appropriate for patients with complications from the time 
of onset and patients complicated by DIC, and they require 
individual responses. The indication criteria for short-term 
rehabilitation programs are shown in Table 60.

 ▋1.1 From the Acute Phase to the Recovery Stage
Previously, patients who had not undergone invasive 
treatment during the acute phase were required to rest in 
bed for 7 days to prevent acute aortic dissection-related 

Table 59. COR and LOE for Rehabilitation in the Acute 
Phase of Aortic Dissection

COR LOE

 In patients with acute aortic dissection subject 
to medical treatment (mainly uncomplicated 
Type B), promotion of leaving the bed and 
return to daily living according to a 
rehabilitation program under heart  
rate/blood pressure management  
should be considered1395,1397

IIa C

COR, class of recommendation; LOE, level of evidence.

Table 60. Indication Criteria for Short-Term Rehabilitation 
Programs for Aortic Dissection

Patients with acute Type B dissection who:

  • do not have rupture or impending rupture

  • do not have malperfusion

  • have been able to achieve pain control 

  • have achieved the control of blood pressure and heart rate

  •  do not have enlargement of aortic diameter (complicated by 
thoracic aortic aneurysm)

  •  are not complicated by DIC

DIC, disseminated intravascular coagulation syndrome.

Table 61. Example of a Short-Term Rehabilitation Program for Aortic Dissection

Day of disease Level of rest Excretion Cleanliness Meal

Day of onset Bed rest On bed Bed bath (with assistance),  
face washing (with assistance) None

Day 2 Sitting on bed On bed Bed bath (with assistance),  
face washing (without assistance)

With 
assistance

Day 3 Walking around 
the bed Indoor bathroom Bed bath (with assistance),  

face washing in the room ↓

Day 4 ↓ ↓ Bed bath (without assistance),  
face washing in the room

Without  
assistance

Day 5 Walking in the 
hospital ward

Bathroom in the 
hospital ward

Bed bath (without assistance),  
face washing in the hospital ward ↓

Day 6 ↓ ↓ ↓ ↓

Day 7 No restriction in 
the hospital ↓ ↓ ↓

Day 8 ↓ ↓ Shower is allowed ↓

(Source: Prepared based on Niino T, et al. 2009.1395)
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complications. Today, however, they undergo a program 
of early rehabilitation as soon as their circulation condition 
is settled.1395,1397,1819 Table 61 shows an example of a short-
term rehabilitation program.1395

Patients must have stable hemodynamics, respiratory 
condition, and state of consciousness at the start of reha-
bilitation. In the acute phase, it is recommended to control 
the systolic blood pressure to 100–120 mmHg and adjust 
the heart rate to below 60 beats/min by the administration 
of various antihypertensive drugs.1270 The blood pressure 
should be sufficiently controlled, actively focusing on the 
level of rest. The criteria for starting rehabilitation are 
shown in Table 62.1820

If the condition worsens while rehabilitation is in 
progress, rehabilitation must be discontinued. The discon-
tinuation criteria are shown in Table 63.1821 We set the load 
pass criterion to a systolic blood pressure of 140 mmHg 
or lower after loading. If the patient does not pass the 
criterion, the dose of antihypertensive drugs is increased, 

and the procedure is repeated the subsequent day. If the 
patient cannot take the prescribed rest due to delirium, the 
rehabilitation load is limited to the stage at which the 
prescribed rest can be taken. Also, if the patient has 
decreased activities of daily life (ADL) due to cerebrovas-
cular disease or locomotive disorder before the onset of 
aortic dissection, it is desirable to avoid a load higher than 
the ADL before the onset of dissection.

  ▋ 1.1.1 Initial Resting Time
Basically, early rehabilitation is crucial, and it aims for the 
prevention of atelectasis due to inflammatory pleural 
effusion, the prevention of lower-limb venous thrombosis 
due to long-term bed rest, and the prevention of restlessness 
and dementia exacerbation in older adults due to obligatory 
rest.1819 The patients are required to rest in bed for the first 
24 h to prevent acute aorta-related complications; however, 
to facilitate drinking and oral drug administration by 
widening the field of view of the patient, passive postural 
change is allowed from the first day.

  ▋ 1.1.2 Excretion
The patients with aortic dissection may develop paralytic 
ileus due to decreased intestinal tract blood flow. Further-
more, excretion on the bed is difficult, and they are likely 
to develop constipation due to the difficulty in defecation 
control, which is also a factor for ileus.1389,1822 In a reha-
bilitation program, since the bedside toilet (indoor toilet) 
can be used after the bedside standing training, early 
standing is desired in patients with a stable condition.

  ▋ 1.1.3 Cleanliness
Bed bath with assistance is started from the time of hospi-
talization; additionally, rehabilitation is sequentially 
advanced to hair washing and then to shower bath. The 
maintenance of physical cleanliness is important not only 
for the prevention of infections, but also for mental stability 
and QOL during hospitalization.

 ▋1.2  From the Recovery Stage to the Return to Daily 
Living

Rehabilitation in the recovery stage is performed mainly 
for the purpose of improving decreased physical function 
associated with rest during hospitalization. It is considered 
to correspond to one month after discharge; however, the 
healing process of acute dissection during this period is not 
fully understood. Thus, rehabilitation should be limited to 
light walking of shorter than 500 m.

Social (workplace) return and daily living are focused 
after 2–3 months from the onset, and the period has a great 
impact on the QOL, requiring detailed guidance. As blood 
pressure control is of the most importance, it is necessary 
to evaluate the blood pressure and activity range by exercise 
stress testing, such as the treadmill, using the blood 
pressure value as the endpoint. Blood pressure control is 
performed with a target resting blood pressure of below 
130/80 mmHg.1263

In the chronic stage, it is recommended to perform 
aerobic exercise of 3–5 METs, which is effective in lowering 
the systolic blood pressure, regularly exercising for at least 
30 min per day and at least 150 min per week as a 
guide.1416,1823,1824 It is desirable to avoid physical load 
involving effort (exercise with force close to 100% of the 
person: bench press and intense isometric load).1416,1823 It 

Table 62. Criteria for Starting Rehabilitation for Aortic 
Dissection

• Conscious state −2≤RASS≤1

There is no restlessness requiring sedation 
within 30 min

• Breathing Breathing frequency of <35 times/min lasts 
for a certain period of time

SaO2 of 90% or higher lasts for a certain 
period of time

FiO2 of <0.6

• Circulation Control of blood pressure and heart rate has 
been achieved

There is no appearance of new severe 
arrhythmia

There are no electrocardiogram changes 
suggestive of new myocardial ischemia

• Fever There is no fever above 38.5°C

FiO2, fraction of inspiratory oxygen; RASS, Richmond Agitation 
Sedation Scale; SaO2, oxygen saturation. (Source: Prepared 
based on the Japanese Society of Intensive Care Medicine. 
2017.1820)

Table 63. Criteria for Discontinuing the Rehabilitation of 
Aortic Dissection

•  Consciousness 
disturbance

Consciousness/sedation level is RASS≤−3

RASS>2 requiring an increased dose or 
new administration of sedative

Dyspnea during exertion, rejection by 
patients

•  Respiratory 
condition

Respiratory Rate <5 times/min or  
≥40 times/min

SpO2 is 88–90% or >4% decrease

•  Circulatory 
dynamics

Heart rate of ≥100/min and systolic blood 
pressure of >140 mmHg under exercise 
therapy

Appearance of new severe arrhythmia

Electrocardiogram changes suggestive of 
new myocardial ischemia

RASS, Richmond Agitation Sedation Scale; SpO2, saturation of 
percutaneous oxygen. (Source: Prepared based on Adler J, et al. 
2012.1821)
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has been reported that supervised exercise therapy improves 
exercise tolerance even in patients after surgery of Type A 
dissection.1824,1825

2. Perioperative Rehabilitation of  
the Aorta (Table 64)

There has been fewer evidence for rehabilitation in the 
aortic region than that in the cardiac region. However, 
patients receiving aortic treatment are older and have 
higher frailty than those receiving treatment for the cardiac 
region, and they develop complications and comorbidities 
associated with treatment more commonly. Thus, early 
rehabilitation is expected to prevent postoperative compli-
cations, shorten the length of hospitalization, and improve 
the life prognosis.

 ▋2.1 Preoperative Rehabilitation
The main objectives of rehabilitation before elective surgery 
are to avoid postoperative acute phase complications and 
to achieve early social rehabilitation. Patients with aortic 
diseases are generally older than those undergoing cardiac 
surgery; additionally, several patients are complicated by 
occlusive pulmonary disease associated with a smoking 
history.1831,1832 It was reported that patients who had had 
exercise habits before surgery achieved earlier rehabilita-
tion,1833 and preoperative smoking cessation, physical 
therapy, and exercise programs improved the respiratory 
function,1834 contributing to a decrease in postoperative 
complications. There has been evidence from multiple 
RCTs that respiratory rehabilitation before open surgery 
improves the respiratory function and reduces postoperative 
respiratory complications, and it is recommended.1835–1842 
In particular, it is recommended for patients complicated 
by COPD and those exhibiting abnormalities on preop-
erative respiratory function tests.

Multiple RCTs, systematic reviews, and meta-analyses 
of preoperative exercise therapy for AAA patients have 
been reported. Cardiopulmonary exercise stress tests can 
be safely carried out by AAA patients;1843 additionally, it 
has been reported that exercise therapy in AAA patients 
scheduled for surgery improves exercise tolerance, such as 
oxygen uptake and anaerobic threshold,1826–1828,1844 and 
reduces the perioperative complications and the length of 
hospital stay.1829 In addition, exercise therapy does not 
enlarge the aneurysm diameter, and conversely, it has been 
shown that rehabilitation in AAA patients before surgical 
indication may suppress aneurysm enlargement.1845 Several 
results support preoperative exercise therapy, and super-
vised exercise therapy before elective surgery (especially for 
AAA patients) is recommended.

In addition, preoperative mild cognitive impairment 
(MCI) and dementia, which are observed at a certain rate 
with the aging of surgical patients, are associated with 
postoperative cognitive dysfunction (POCD), postoperative 
delirium, respiratory complications, and advisability of 
postoperative return to home.1830,1846–1848 In such cases, 
rehabilitation is often delayed, and it is advisable to carry 
out an objective cognitive function assessment, such as the 
Mini Mental State Examination (MMSE). If a decrease in 
the motor function or cognitive function is observed, it 
may be difficult for the patient to return home after surgery. 
Thus, a multi-disciplinary survey, understanding, and 

sharing of information on their social environments, such 
as the usage status of long-term care insurance, residence 
status of the family, and employment situation, should be 
started before surgery.

 ▋2.2 Postoperative Rehabilitation
The objectives of postoperative rehabilitation are the 
prevention of and recovery from disuse syndrome. In 
addition, it has been reported that the period until ADL 
elevation and ADL-inhibiting factors differ depending on 
the site of aortic aneurysm;1849,1850 additionally, periopera-
tive rehabilitation according to the surgical site is required.

As a result of postoperative rehabilitation, the improve-
ment of physical function shortens the length of hospital 
stay and enables early rehabilitation; additionally, it also 
reduces the incidence of postoperative complications, 
such as infection, pneumonia, pleural effusion retention, 
and delirium.1851–1854 Moreover, it results in early social 
rehabilitation and an improvement of social rehabilitation 
rate, leading to the improvement of life prognosis and 
QOL, as well as the improvement of the early recovery rate 
of older adults.

Older adults and patients with high frailty are more likely 
to be complicated by postoperative dysphagia;1416,1823,1825,1855 
additionally, dysphagia rehabilitation may contribute to 
the reduction of postoperative respiratory complications 
and improvement of QOL and life prognosis in the chronic 
stage.

 ▋2.3  Responses According to the Pathological 
Condition/Treatment Method

  ▋ 2.3.1 Post-Aortic Dissection Surgery
Most open surgeries for Type A dissection are urgent 
surgeries, and patients with extensive dissection develop 
organ damage associated with impaired blood flow. Thus, 
the general condition after surgery and risk at the time of 
rehabilitation vary significantly among patients. Therefore, 
it is desirable to judge the start time of rehabilitation 
individually according to the course of treatment and 
general condition. In addition, lesions often remain after 
the surgery of Type A dissection (residual dissection), and 
it is common to set certain restrictions on their daily living 
and physical activity. In the postoperative chronic stage, it 
is recommended to perform an aerobic exercise of 3–5 
METs for approximately 30 min/day (150 min/week) as a 

Table 64. COR and LOE for Perioperative Rehabilitation of a 
Large Artery

COR LOE

 It is recommended to perform exercise 
therapy to strengthen the cardiopulmonary 
function prior to surgery for abdominal aortic 
aneurysm while the circulatory dynamics is 
monitored1826–1829

I A

 Exercise therapy and respiratory rehabilitation 
according to the site/treatment (open surgery 
or TEVAR/EVAR) of the arterial aneurysm 
should be considered from an early stage 
after invasive treatment of the aorta1830

IIa C

COR, class of recommendation; EVAR, endovascular aortic 
repair; LOE, level of evidence; TEVAR, thoracic endovascular 
aortic repair.
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guide;1416,1823 additionally, a high-intensity physical load 
involving effort, aerobic exercise to the extent of breath-
lessness (6 METs or higher), and defecation with straining 
should be avoided. An improvement in exercise tolerance 
by supervised exercise therapy was reported in patients 
who had undergone surgery for Type A dissection.1825,1855

Several patients with acute aortic dissection caused by 
Marfan syndrome are younger adults; additionally, the 
complication rate of atherosclerotic diseases of other organs 
is low. However, due to the fragility of tissues, high-intensity 
exercise, isometric exercise, and contact sports with heart 
rates above 100 beats/min are not recommended.1823

  ▋ 2.3.2 Abdominal Aortic Aneurysm
a. After Open Surgery
Open surgery of AAA has a large impact on the intestinal 
tract, and gastrointestinal symptoms become ADL-
inhibiting factors.1849 Patients who have developed ileus 
due to the exacerbation of abdominal pain or distension 
may need to discontinue rehabilitation and require rest. It 
has been reported that rehabilitation that is started early 
after prosthetic graft replacement for AAA reduces the risk 
of intestinal obstruction and promotes dietary intake, affects 
wound healing, shortens the hospital stay, aids in early 
rehabilitation, and reduces the occurrence of respiratory 
complications.1850–1853

b. After EVAR
The surgical wound after EVAR is usually found only in 
the inguinal region; additionally, active rehabilitation 
begins the day after surgery to maintain ADL. In patients 
undergoing internal iliac arterial embolization, attention 
must be paid to buttock claudication symptoms during 
rehabilitation. In addition, in patients with a narrowed 
aortic terminal or iliac artery with severe calcification, 
attention needs to be paid to limb occlusion and stenosis. 
Also, it is necessary to compare the preoperative/
postoperative ankle-brachial blood pressure ratio and pay 
attention to the appearance of intermittent claudication.

  ▋ 2.3.3 Thoracic Aortic Aneurysm
a. After Open Surgery
Attention must be paid to cerebral infarction and dysphagia 
in ascending/aortic arch replacement, while paraplegia 
and respiration disorder require caution in descending/
thoracoabdominal aortic replacement. According to a 
report in Japan, the proportions of cases leading to early 
postoperative independence after arch and descending/
thoracoabdominal replacement are low at 39% and 30%, 
respectively, while that after ascending replacement is 
75%.1850 As a cause of delay in independence, cerebrovas-
cular diseases are common in arch replacement, while 
postoperative pleural effusion retention and SCI are common 
in thoracic descending/thoracoabdominal replacement. 
After descending replacement, attention must be paid to 
oxygenation and carbon dioxide retention, focusing on the 
presence or absence of pleural effusion management and 
atelectasis. The swallowing function often declines after arch 
replacement or in older adults after surgery.1856–1859 Thus, 
the evaluation of the swallowing function and swallowing 
training should be considered even before surgery, and the 
swallowing/ingesting therapy, such as the introduction of 
thickened food, should be actively introduced after surgery.

ADL in patients undergoing coronary artery revascular-
ization in arch replacement or ascending replacement 

should be expanded by carrying out a staged walking load 
and shower load occasionally, while paying attention to 
the changes in the electrocardiograms before and after 
rehabilitation.

b. After TEVAR
The surgical wound after TEVAR is localized in the 
inguinal region, and its effect is not considerably different 
from that after EVAR. However, more strict blood pressure 
management and diagnostic imaging are recommended. In 
patients with a high risk of being complicated by SCI or 
patients transiently presenting with symptoms of paraplegia, 
there is concern that symptoms may be induced/exacerbated 
by lowering the blood pressure, and they require a relatively 
high blood pressure target.

Since the rest level cannot be increased during the 
insertion of the spinal cord drainage, rehabilitation is 
started from the standing position after drainage removal. 
In rehabilitation, attention should be paid to the decrease 
in blood pressure, the appearance of paraplegia, and the 
onset of intracranial hypotension syndrome.

  ▋ 2.3.4  Paraplegia After Treatment for Thoracic Aortic 
Aneurysm

Patients developing SCI, such as paraplegia, after open 
surgery or TEVAR for TAA require a specialized reha-
bilitation program according to the degree of the injury.1860 
Patients with complete paraplegia are confined to the bed 
as they have difficulty in maintaining a sitting position. It 
is necessary to regularly change the position of the patient 
to prevent the development of decubitus and to promptly 
manage urination/defecation due to bladder and rectal 
disorders. Patients with paraparesis undergo physical therapy 
from the early stage of onset to maintain/improve residual 
function.

  ▋ 2.3.5  Non-Ruptured Cases (Elective Surgery Cases) and 
Ruptured Cases (Urgent Surgery Cases)

The risk management differs between non-ruptured and 
ruptured cases as they have different pathological condi-
tions. In ruptured cases, the general condition is poor, and 
postoperative complications often occur. In addition, since 
their preoperative evaluation is insufficient, rehabilitation 
is started without fully understanding comorbidities, such 
as coronary artery disease, cerebrovascular disease, and 
pulmonary disease.

 ▋2.4 Implementation of Perioperative Rehabilitation
Early walking exercise is useful. ADL is expanded in 
stages, proceeding to low-intensity exercise therapy, such 
as a bicycle ergometer.

Patients undergoing open surgery can carry out position 
change, half-sitting, and pulmonary physiotherapy under 
analgesia while they are in the intensive care unit, if they 
meet the criteria for starting rehabilitation (Table 65). 
Inhalation therapy and respiratory drainage therapy in a 
sitting position are recommended for patients producing a 
lot of sputum. Various complications appear when bed rest 
is prolonged. Thus, continuous infusion is discontinued for 
early bed-leaving, and the number of inserted/attached 
lines, such as balloon catheters, is minimized. After 
working on analgesia, walking exercise is started using a 
walking aid.
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  ▋ 2.4.1 Blood Pressure Control
Consideration should be given to the maintenance of urine 
volume and cerebral blood flow immediately after surgery; 
however, it should be aimed at hypotension to the most 
possible extent. With the expansion of postoperative ADL, 
the target blood pressure needs to be adjusted for each 
case; however, the resting systolic blood pressure should be 
maintained below 130 mmHg.

  ▋ 2.4.2 Exercise Stress
ADL is sequentially expanded from sitting, standing, 
walking in the hospital ward, showering, and bathing. 
Also, exercise with a treadmill or bicycle ergometer is 
performed in addition to normal walking.

  ▋ 2.4.3 Criteria for Discontinuation
Attention must be paid to items in Table 66 when performing 
postoperative rehabilitation. If the discontinuation criteria 
are met, the rehabilitation is discontinued or not 
performed.

  ▋ 2.4.4 Guidance for Discharge
Guidance for discharge is given not only to patients, but 
also to their family members, which includes symptoms 
and their management at recurrence, precautions for daily 
living after discharge (management of blood pressure and 
defecation, salt restriction, need for fluid intake, and sternum 
protection), postoperative complications (prosthetic graft 
infection/wound infection and adverse reaction of blood 
transfusion), and emergency consultation methods.

A management index for outpatient systolic blood 
pressure is set, and guidance on the method for measuring 
blood pressure, time zones, and recording methods is 
provided. Even if the patient is transferred to another 
hospital due to prolonged postoperative management for 
various reasons, social rehabilitation is pursued by requesting 
the hospital for the patient to perform appropriate 
rehabilitation.1861

X. Various Issues of Medical Treatment for Aortic Diseases

1. Disease Prevention

 ▋1.1  Current Status of Treatment Results and 
Survival Rate

The treatment results of acute aortic dissection and aortic 
aneurysm rupture have improved with operative deaths of 

9.6% and 17.6%, respectively.42 However, it has also been 
reported that approximately half of the patients die before 
arriving at a hospital,1862 and in reality, the true survival 
rate is significantly low. The methods for resolving this 
situation differ for the two diseases. Since the enlargement/
rupture of aortic aneurysms takes time, their detection and 
treatment before rupture are important, which require 
screening by radiography or echography.

Table 65. Criteria for Starting Postoperative Rehabilitation 
for Aortic Disease

Rehabilitation can be started if the following are absent:

1. Due to low (cardiac) output syndrome (LOS):

  (1)  Life supporting devices, such as ventilator, IABP, and 
PCPS, are installed

  (2)  Large doses of inotropic drugs, such as noradrenaline and 
catecholamine preparations, have been administered

  (3)  Systolic blood pressure is 80–90 mmHg or lower (even with 
the administration of inotropic drugs)

  (4) Cold sensation of limbs and cyanosis are observed

  (5) Metabolic acidosis

  (6)  Urinary volume: Hourly urine remains 0.5–1.0 mL/kg/h or 
lower for at least 2 h

2. The Swan–Ganz catheter has been inserted

3. The resting heart rate is 120/min or higher

4.  Blood pressure is unstable (hypotension symptoms appear 
simply by changing positions)

5.  Arrhythmia with unstable hemodynamics (newly developed 
atrial fibrillation or premature ventricle contraction of Lown IVb 
or higher)

6.  Dyspnea or tachypnea at rest (breathing frequency of  
<30 times/min)

7. Postoperative hemorrhagic tendency remains

IABP, intra-aortic balloon pumping; PCPS, percutaneous 
cardiopulmonary support.

Table 66. Criteria for Discontinuing Postoperative 
Rehabilitation for Aortic Disease

1. Inflammation

  • Fever above 37.5°C

  • Inflammatory findings (acute exacerbation period of CRP)

2. Circulatory dynamics

  • Appearance of new severe arrhythmia

  •  A doctor is consulted if the patient has tachycardiac atrial 
fibrillation

  • Resting systolic blood pressure of 130 mmHg or higher

  •  Decrease in systolic blood pressure by 30 mmHg or more 
upon rehabilitation

  •  New ischemic electrocardiogram changes: heart rate of  
120/min or higher

3. Anemia

  • Acute exacerbation to a Hb level of 8.0 g/dL or lower

  •  A doctor is consulted if the Hb level of the patient undergoing 
surgery without blood transfusion is in the 7.0 g/dL range

4. Respiratory condition

  •  Decrease in SpO2 (92% or lower during oxygen inhalation or 
exercise-induced decrease in SpO2 by 4% or more)

  • Respiratory Rate of 40 times or more

5. State of consciousness

  • Consciousness/sedation level is RASS ≤−3

  •  RASS >2 requiring increased dose or new administration of 
sedative

  • Rejection by patients 

CRP, C-reactive protein; RASS, Richmond Agitation Sedation 
Scale; SpO2, saturation of percutaneous oxygen.
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On the other hand, since aortic dissection itself does not 
exist until its onset, it is necessary to avoid its onset and 
treat it to the earliest extent possible after the onset. While 
the latter is discussed in Chapter VI of the present guideline, 
it is important to avoid the factors that trigger the onset 
of the former because of the lack of reliable preventive 
measures. If it is difficult, we should prepare for its onset 
by understanding the situation in which the onset is likely 
to occur.

 ▋1.2 Risk Factors of Aortic Dissection
  ▋ 1.2.1 Aortic Diameter

Both dissection and rupture are likely to occur when the 
thoracic aortic diameter exceeds 60 mm.535,635,1863 Therefore, 
it is effective to detect aortic enlargement and treat it in a 
preventive manner. However, dissection may develop with 
a diameter of 40 mm or smaller even in non-Marfan 
syndrome patients,1864–1866 suggesting the involvement of 
other factors.

  ▋ 1.2.2 Physical/Psychological Stress
Weightlifting and strenuous exercise may be involved in 
the development of dissection.1867,1868 Lifting a barbell leads 
to blood pressure of over 300 mmHg, and its repetition 
causes cystic medial degeneration in the aortic wall.1869 
Dissection may occur with strenuous exercise even if the 
size is below 50 mm and has not reached the surgical indi-
cation.1870 The International Olympic Committee proposed 
screening for Olympic athletes exposed to such physical 
stress. However, due to the social circumstances, examina-
tions, such as echocardiography, were performed only on 
approximately 30% of athletes in the 2016 Rio de Janeiro 
Olympics.1871 In addition, not only physical stress but also 
emotional stress, such as exasperation, is said to be 
involved in the onset of dissection.1872

  ▋ 1.2.3 Hypertension
While 80% of patients with aortic dissection are complicated 
by hypertension,68,1873 those with hypertension have a high 
incidence of dissection.1873 The incidence of dissection per 
100,000 population was 21 in those with hypertension and 
5 in those without hypertension. A blood pressure of at 
least 180 mmHg was recorded several times before the 
onset in approximately half of the patients with dissection, 
and blood pressure before the onset was significantly high 
in patients who died before arriving at the hospital.1862 
Thus, hypertension is considered as a treatable risk factor. 
In addition, several dissection patients exhibit large fluctua-
tions in blood pressure, and it has been reported that an 
increase or no decrease in blood pressure at night is 
associated with the onset of Type B dissection at night.1874

  ▋ 1.2.4 Seasons, Time Zones, and Day of the Week
The onset of dissection is said to be more common in 
winter;1875–1883 however, some reports have denied this 
statement.1884,1885 Its onset is thought to be affected by a 
decrease in temperature, and some reported that its onset 
was more common when the temperature remained low for 
3 days,1877 while others reported that there was no such 
association.1884,1885 With regard to the atmospheric pressure, 
some have reported that there was an association,1880 
while others reported that there was no association.1886 
Some have reported that its onset is more common on 
Mondays of the week and that its mortality rate is higher 

on weekends,45,1882,1887–1889 while it was also reported that 
no such difference was observed.46 A higher mortality rate 
on weekends may be affected by the shortage of the emer-
gency medical care system on weekends. Its onset is more 
common in the morning during the day.46,47,1875,1882,1890–1892 
A similar tendency has been observed in acute myocardial 
infarction1893–1895 and stroke.1896,1897 Additionally, it may be 
affected by increased blood pressure, increased heart rate, 
sympathetic nerve tension, the hormones involved in 
vasoconstriction, and circadian variation that elevates 
platelet aggregation in the morning.1898

  ▋ 1.2.5 Sleep Disorder
Approximately half of the patients with Type A dissection 
suffer from sleep disorder.1899 Sleep disorder increases the 
incidence of hypertension,1900 and it is a risk factor for 
coronary artery lesion.1901 Also, several patients with sleep 
disorder die from cardiovascular diseases.1902 Sleep disorder 
includes insomnia, lack of sleep, and obstructive sleep 
apnea syndrome (OSAS), and OSAS may be affected by a 
decrease in intrathoracic pressure to approximately 
–50 mmHg that occurs during inspiration. According to 
the apnea hypopnea index (AHI), approximately half of 
the dissection patients have severe OSAS.1903 In addition, 
there is a strong association between enlargement of the 
false lumen in the descending aorta and the severity of 
OSAS, and the aorta enlargement rate, which is normally 
1–3 mm/year, increased to 7.5 mm/year in the group with 
AHI of >30 events/h.

 ▋1.3 Prevention of Aortic Dissection
Family doctors and general practitioners play an important 
role in reducing the risk of developing aortic dissection 
described above. First, the screening for aortic diseases in 
patients with background factors, such as hypertension 
and family history, should cover the entire aorta if there is 
an opportunity to perform CT examination. More than 90% 
of aortic aneurysms are detected incidentally, and it is also 
useful for detecting lung cancer as the majority of its cases 
are detected incidentally. Although it has a problem of 
radiation exposure, it is advantageous that CT examination 
is widely used in Japan, which should be fully utilized. If 
there is an opportunity to perform echocardiography, it 
should not only cover the aortic root, but also the abdom-
inal aorta (See “Chapter III. Symptoms, Examinations, and 
Diagnoses”).

Subsequently, it is necessary to accurately grasp the 
elevation and fluctuation in blood pressure. Fluctuation in 
the blood pressure is a treatable risk factor, and the 
prevention of the onset of dissection by blood pressure 
management is important. In particular, circadian variation 
should be observed by the self-measurement of blood 
pressure. In addition, public awareness needs to be raised 
regarding sports, emotional stress, and seasons/circadian 
variation, which may affect the fluctuation of blood 
pressure, along with smoking cessation; moreover, a 
multifaceted approach that includes the government and 
the news media is desired.

Finally, the management of sleep disorders is important; 
additionally, the active diagnosis/treatment of OSAS and 
its public awareness are needed. Since insomnia and lack of 
sleep are greatly affected by work stress, it is necessary to 
take wide measures, including those by an improved work 
environment, family doctors, and government. Work-style 
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reform is thought to be important from the viewpoint of 
not only labor but also by the avoidance of the onset of 
dissection.

2. Surveillance (Tables 67 and 68)

Patients with aortic diseases require lifelong surveillance, 
regardless of whether they are treated with medical treat-
ment or invasive treatment (prosthetic graft replacement or 
TEVAR/EVAR). The surveillance includes the evaluation 
of clinical symptoms, evaluation of oral drugs, evaluation 

of disease transition by imaging examinations, identification 
of treatment goals at each disease condition/stage, and 
active diagnosis and intervention for comorbidities.96

 ▋2.1  Classification of Disease Stages and 
Pathological Conditions

The disease stages of aortic dissection are clinically classified 
into the acute phase, which is 2 weeks from onset, the 
subacute phase, which is from 2 weeks to 3 months after 
onset, and the chronic stage, which is after 3 months of 
onset. In contrast, the pathological conditions of aortic 

Table 67. COR and LOE for the Risk Management of Chronic Aortic Diseases

COR LOE

 It is recommended to administer effective antihypertensive drugs to patients with aortic dissection 
to reduce the risk of aortic disease-related deaths276,1364 I C

 It is recommended to give antihypertensive therapy, lipid management with statins, administration 
of antiplatelet agents, and guidance for smoking cessation to patients with chronic aortic 
dissection to reduce the risk of cardiovascular death in the late stage1330,1904

I C

 It is recommended to administer β-blockers for uncomplicated chronic Type B dissection for a 
long period of time276 I C

 It is recommended to perform strict blood pressure management (below 130/80 mmHg) for 
chronic aortic diseases96 I C

 It is recommended to manage cardiovascular risk after open surgery for abdominal aortic 
aneurysm with antiplatelet agents, in addition to the management of blood pressure and lipid 
levels929,1905–1911

I B

 Antihypertensive therapy, lipid management with statins, and cardiovascular risk management 
with antiplatelet agents should be considered for abdominal aortic aneurysm1905,1912–1915 IIa B

COR, class of recommendation; LOE, level of evidence.

Table 68. COR and LOE for the Surveillance of Aortic Diseases

COR LOE

It is recommended to perform surveillance of thoracic aortic diseases by CT examination69,143 I C

 It is recommended to perform echography as the first choice for the diagnosis and surveillance of 
small-diameter abdominal aortic aneurysms1916–1919 (See Table 22) I B

 It is recommended to perform surveillance of abdominal aortic aneurysm by echography or CT 
every 1–2 years if the aneurysm diameter is 30–40 mm, every 6 months-1 year if the aneurysm 
diameter is 40–50 mm, or every 3–6 months if the aneurysm diameter is 50–55 mm795 (See 
Table 22)

I B

 It is recommended to use CT for diagnosing and deciding on the treatment methods for the 
rupture of abdominal aortic aneurysm1701,1918,1920 I C

 Regarding surveillance at an early stage after TEVAR/EVAR (within 30 days), it is recommended 
to use diagnostic imaging to evaluate endoleaks and confirm stent deployment sites and 
joints889,1921–1923

I B

 If the patient presents with abdominal pain or recurrence after the onset of acute Type B 
dissection and is suspected of having malperfusion of the abdominal branch, it is recommended 
to perform another CT examination1363

I C

 During the medical treatment of uncomplicated chronic Type B dissection, it is recommended to 
perform continuous evaluation by regular diagnostic imaging1050,1924 I C

 The evaluation of descending aortic diseases by MDCT from the thoracic aorta to the common 
femoral artery should be considered1925,1926 IIa C

 CT examination should be considered as diagnostic imaging for the surveillance of acute thoracic 
aortic diseases1925 IIa C

Prompt invasive treatment should be considered for type I/III endoleaks after TEVAR658,1927 IIa C

Continuous surveillance by CT or MRI should be considered after TEVAR/EVAR658 IIa C

COR, class of recommendation; CT, computed tomography; EVAR, endovascular aortic repair; LOE, level of 
evidence; MDCT, multidetector row CT; TEVAR, thoracic endovascular aortic repair.
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diseases are classified into three types: (1) stable disease 
condition without complications, (2) unstable disease 
condition (progressive increase in aneurysm diameter, 
chronic malperfusion of the pelvis/lower limb, or compli-
cations with persistent/recurrent symptoms), and (3) 
disease condition with residual dissection after invasive 
treatment for ascending aortic dissection.96

 ▋2.2 Clinical Phase
The clinical phase can be divided into two types: those in 
which acute aortic disease has transitioned to chronic 
disease and those found to be chronic at the time of the 
initial diagnosis (asymptomatic in most cases). In the latter, 
mediastinal/aortic arch enlargement is often detected 
incidentally by chest radiography, or it is detected by 
echography or CT examination for the evaluation of other 
diseases. It is difficult to identify a definite time of onset in 
these cases; however, the confirmation and evaluation of 
symptoms that appear in the acute/subacute phase and 
physical/laboratory findings after diagnosis are important. 
In rare cases, the progression of TAA or dissecting TAA 
causes symptoms, such as hoarseness/chest pain associated 
with enlargement and intermittent claudication/abdominal 
pain/deterioration of renal function due to malperfusion.

 ▋2.3 Diagnosis
Aortic diseases are diagnosed by sectional imaging of 
contrast-enhanced/non-contrast-enhanced CT examination, 
MRI examination, or transesophageal echography. Chronic 
aortic diseases are diagnosed based on the images of wall 
thickening, non-mobile dissected intima, the formation of 
false lumen thrombosis, and aneurysm formation in chronic 
dissection (mainly distal arch). In symptomatic patients, 
multimodal therapy is immediately considered if mediastinal 
hematoma, pericardial effusion/pleural effusion, and retro-
peritoneal hematoma due to rupture are found by various 
imaging examinations.

 ▋2.4 Preoperative Surveillance
Preoperative surveillance for aortic diseases is planned by 
considering the disease to be targeted and the modality to 
be used, as well as its intervals and purposes. Aortic diseases 
include TAA, AAA, acute/subacute aortic dissection, and 
dissecting aortic aneurysms. However, in AAA and TAA 
(arch/descending aorta), which have a stronger athero-
sclerotic predisposition, management against other athero-
sclerotic diseases and risk factors is essential, rather than 
focusing only on aortic diseases.

Evaluation by CT is recommended for the preoperative 
surveillance for TAA; additionally, CT examination is 
required annually for patients with an aneurysm diameter 
of below 45 mm or every 3–6 months for patients with an 
aneurysm diameter of 45–55 mm. Invasive treatment is 
considered if imaging examinations for TAA show an 
increase in enlargement rate of aneurysm diameter by at 
least 5 mm in half a year or an aneurysm diameter of 
55 mm. On the other hand, it is recommended to use 
echography for the preoperative surveillance of AAA and 
to use CT examination for deciding a treatment policy. 
Surveillance using echography or CT is recommended 
every 1–2 years for patients with an aneurysm diameter 
of 30–40 mm, every 6–12 months for patients with an 

aneurysm diameter of 40–50 mm, or every 3–6 months for 
patients with an aneurysm diameter of 50–55 mm.321 
Invasive treatment is considered if imaging examinations 
for AAA show an increase in the enlargement rate of 
aneurysm diameter by at least 5 mm in half a year or an 
aneurysm diameter of >55 mm (men) or >50 mm (women). 
In addition, the definition of small-diameter aortic aneu-
rysms and accurate surveillance intervals in Japan are 
discussed in PQ 13.

Acute aortic dissection is clinically classified into the 
acute phase, which is 2 weeks from onset, subacute phase, 
which is from 2 weeks to 3 months after onset, and chronic 
stage, which is after 3 months of onset. Type A/B dissection 
patients having complications in the acute phase are subject 
to urgent/semi-urgent invasive treatment (prosthetic graft 
replacement/TEVAR). On the other hand, invasive treat-
ment may be performed on patients with Type A dissection 
(dissection with thrombosed false lumen) or uncomplicated 
Type B dissection several weeks after onset, if the diameter 
is 40 mm or smaller. In such cases, it is important to accu-
rately evaluate the disease condition based on detailed 
surveillance in the course of the acute to subacute/chronic 
stage, making efforts not to miss the timing of surgery. The 
surveillance for aneurysmal chronic aortic dissection is 
performed based on that for aortic aneurysms (TAA or 
AAA). However, dissecting TAA is indicated for invasive 
treatment if it is 60 mm or larger, and invasive treatment 
for dissecting TAA at 55–60 mm is discussed by a 
specialized team based on the general condition of the 
patient, anatomical requirements, and expected surgical 
invasiveness.

PQ 13.
How Often Should CT Examinations Be Performed After 
Abdominal Aortic Aneurysm or Chronic Aortic Dissection?

Recommendation
In AAA patients, the aneurysm diameter is evaluated by 
CT examination every 1–2 years if it is 30–39 mm, every 6 
months–1 year if it is 40–49 mm, or every 3–6 months if it 
is 50–55 mm. Chronic dissection is evaluated every 1 year 
if it is below 45 mm or every 3–6 months if it is 45–55 mm.

A meta-analysis showed that the risk of AAA rupture 
increased 1.91 times for every 5 mm of aneurysm diameter 
enlargement. On the other hand, AAAs with a small 
aneurysm diameter were shown to pose no issue even when 
they were followed up every few years.795 The SVS and 
ESVS guidelines recommend the evaluation of aneurysm 
diameter every 3 years if it is 30–39 mm, every year if it is 
40–49 mm, or every 3–6 months if it is 50 mm or larger. CT 
examination is more easily performed in Japan than in 
Europe and the United States, and due to social circum-
stances, the evaluation of the aneurysm diameter has been 
frequently performed. In several cases, the aneurysm 
diameter is evaluated every 1–2 years if it is 30–39 mm, 
every 6 months–1 year if it is 40–49 mm, or every 3–6 months 
if it is 50–55 mm.

On the other hand, the evidence of follow-up intervals 
for aneurysm formation after chronic aortic dissection is 
scarce. Although studies on aneurysm diameter and rupture 
risk are also scarce, rupture at an aneurysm diameter of 
<45 mm is rare, for which annual CT examination is 
sufficient. However, continuous CT examinations are 
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performed every 3–6 months for aneurysms with a diameter 
of 45–55 mm. Patients with risk factors for aneurysm 
formation, such as heritable connective tissue disorder, 
require a more careful follow-up.

 ▋2.5 Follow-up After Invasive Treatment
  ▋ 2.5.1 Thoracic Aortic Diseases

In principle, follow-up by imaging examinations is 
performed 1, 6, and 12 months after invasive treatment 
and annually thereafter. In addition, the regular observation 
of clinical symptoms is concurrently needed. In particular, 
the strict management of blood pressure is required as the 
past literature showed that approximately 50% of patients 
had treatment-resistant hypertension.1928 The symptoms 
rarely appear in the chronic stage after treatment, and the 
disease specificity is low. However, attention must be paid 
to the appearance of hoarseness/dysphagia associated 
with aneurysm enlargement, exacerbation of symptoms 
associated with chronic hypoperfusion, such as intermittent 
claudication/abdominal pain, and the appearance of chest 
and back pain associated with rupture.

a. After TEVAR
A lifelong follow-up by CT examination is required. MRI 
examination may be alternatively used to prevent radiation 
exposure; however, currently, it poses a problem of exten-
sive artifact caused by stainless steel.1929 On the other hand, 
MRI examination can be performed if it is nitinol-based;1930 
however, because it cannot visualize stent struts, the 
structural failure of the stent graft skeleton is evaluated 
using chest radiography. In Japan, medical devices, including 
implantable devices and metals, are classified into different 
types, such as “MRI contraindicated,” “MRI compatible,” 
and “those that can be imaged depending on the condi-
tion”.146,147 An examination is performed after confirming 
a compatibility online with the “MR compatibility search 
system for medical devices” (MEDIE Co. Ltd.), in addition 
to the confirmation by the package insert. Patients with 
severe renal dysfunction who cannot undergo CT/MRI 
examination are evaluated by using non-contrast-enhanced 
CT, transesophageal echography, and chest radiography 
in combination.

CT examination is recommended 1, 6, and 12 months 
after TEVAR and annually thereafter. Electrocardiogram 
gated imaging has superior image quality. In patients 
showing no endoleaks after TEVAR for TAA and 
continuing to have stable condition beyond 24 months, 
imaging follow-up interval may be extended to 2 years; 
however, the symptoms of the patients and oral medical 
treatment are followed up annually. On the other hand, 
several patients who have undergone TEVAR for aortic 
dissection exhibit patent false lumen at the level of the 
abdominal aorta. Additionally, they may show exacerbation 
of the disease due to temporal changes in hemodynamics. 
Thus, patients who have undergone TEVAR for TAA 
require surveillance at the same interval as a follow-up or 
more strict surveillance.

b. After Open Surgery
It is necessary to evaluate the complications specific to 
open surgery (prosthetic graft replacement), such as 
anastomotic aneurysm and prosthetic graft infection, and 

exacerbation/new onset of aortic diseases at a distance 
from the site of prosthetic graft replacement. Several 
patients who have undergone open surgery for Type A 
dissection have residual dissection in the thoracic descending/
abdominal aortic region, and they require follow-up on 
re-dissection/dissection-cavity enlargement. Imaging exami-
nations are performed 1, 3, 6, 12, 18, and 24 months after 
surgery and at least annually thereafter.

  ▋ 2.5.2 Abdominal Aortic Aneurysm
The follow-up interval after EVAR is different from that 
after prosthetic graft replacement. Since AAA is strongly 
associated with atherosclerotic factors, lifelong drug 
therapy, including smoking cessation, is needed to suppress 
cardiovascular events.

a. After EVAR
In principle, CT examination is recommended after 1, 6, 
and 12 months, and annually thereafter. On the other hand, 
a recent meta-analysis reported that contrast echography 
is useful in diagnosing type II endoleaks.1931 Type I/III 
endoleaks requiring retreatment can be well identified by 
ordinary echography. Retreatment for a type II endoleak 
is considered if the aneurysm diameter enlarges 10 mm or 
more after EVAR. MRI examination for patients who 
have undergone EVAR is performed in the same manner 
as that for patients who have undergone TEVAR.

b. After Open Surgery
CT examination and echography are performed at least 
every 5 years to evaluate anastomotic aneurysms. In addi-
tion, attention must be paid to abdominal wall incisional 
hernia after open surgery. An observational study with 
Medicare in the United States showed that 5.8% of patients 
required treatment of hernia within 4 years. A study on the 
5-year and 15-year follow-up found anastomotic aneurysms 
in 1% and 12% of patients, respectively, and limb occlusion 
in 1% and 5% of patients, respectively. In addition, at the 
5-year follow-up, graft infection was found in 0.5–5% of 
patients, and a secondary aortic gastrointestinal fistula was 
found in less than 1% of patients.321

PQ 14.
Should Exercise Restriction Be Performed for Patients With 
Chronic Aortic Dissection?

Recommendation
In daily life, regular mild/moderate aerobic exercise without 
excessive restrictions is desirable for patients with chronic 
aortic dissection.

There has been little evidence of exercise in patients with 
chronic aortic dissection. However, they are recommended 
to perform mild/moderate aerobic exercise (equivalent to 
3–5 METs), such as walking, light running, and biking, 
which are highly effective in lowering systolic blood pres-
sure, at least 30 min per day and 150 min per week.1416,1823 
Excessive weight lifting that increases intrathoracic pressure 
should be avoided as it significantly elevates the blood 
pressure.1416,1823 Supervised exercise therapy was reported 
to improve the exercise tolerability of patients after surgery 
of Type A dissection.1825,1855 The exercise intensity of the 
therapy was mild rehabilitation with approximately Borg 
Scale 11, and the maximum blood pressure during exercise 
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was maintained at approximately 150 mmHg.1855 Patients 
who had received appropriate exercise therapy were able 
to resume carrying heavy objects of approximately 20 kg, 
as well as outdoor activities, such as mountain climbing 
and diving.1932 There are no restrictions on daily living and 
sexual life in patients who have undergone appropriate 
rehabilitation, and stepping the stairs, biking, gardening, 
shopping, and carrying heavy objects up to approximately 
50% of the body weight are allowed.1824

3. Notes on Diagnostic Imaging

Diagnostic imaging plays a major role in the follow-up of 
aortic aneurysm/dissection. However, it is necessary to 
fully understand the characteristics of examination methods 
to properly perform diagnostic imaging. This section mainly 
describes the considerations for frequently performed CT/
MRI examinations.

 ▋3.1 Radiation Exposure by CT Examination
With the advancement in CT devices, radiation exposure 
associated with examination has been reduced. However, 
when performing CT examination repeatedly as follow-up 
diagnostic imaging for young individuals, especially women 
capable of pregnancy and children, it is necessary to fully 
consider the accompanying medical X-ray exposure and to 
judge its indications carefully. If possible, alternative 
methods, such as echography and MRA examination, are 
also considered. The risk of developing cancer associated 
with radiation exposure is said to be higher in women than 
in men. However, its risk decreases after the age of 50.1933

Regarding CT radiation exposure, it is important to 
know whether the exposure dose of one’s own facility is 
higher than that of others, for which the diagnostic reference 
level (DRL) is used as a judgment criterion. The DRLs of 
CT examination set for adults with a standard physical 
constitution (50–60 kg) in 2015 are 15 mGy for 1 phase of 
thoracic region, 20 mGy for 1 phase of thoracic region-
pelvis, and 20 mGy for 1 phase of upper abdominal 
region-pelvis.1934 If the dose at one’s facility exceeds this 
level, it needs to be reduced within the range that does not 
affect medical treatment.

 ▋3.2  Contrast Medium-Induced Nephropathy by 
Iodine Contrast-Enhanced CT Examination 
(Table 69)

Patients with mild-moderate renal dysfunction (eGFR 

≥30 mL/min/1.73 m2) are not likely to develop contrast 
medium-induced nephropathy (CIN) after the adminis-
tration of contrast medium. On the other hand, when 
performing a contrast-enhanced CT examination for a 
patient with severe renal dysfunction (eGFR <30 mL/min/ 
1.73 m2), the risk of developing CIN should be explained to 
the patient, and appropriate preventive measures must be 
taken as needed.494,1935,1936 The reduction of the amount of 
contrast medium in contrast-enhanced CT may decrease 
the risk of developing CIN. Thus, it is recommended to use 
the minimum amount of contrast medium within the range 
that can maintain the diagnostic ability, especially for 
patients at high risk of CIN.

When reducing the amount of contrast medium, the 
combined use of low tube voltage CT imaging and succes-
sive approximation image reconstruction is desirable. In 
addition, repeated contrast-enhanced CT examinations 
within a short period of time (24–48 h) require caution as 
they may increase the risk of CIN.

PQ 15.
Can Contrast-Enhanced CT Examination Be Performed on 
Patients With Impaired Renal Function/Renal Failure?

Recommendation
In patients with severe renal dysfunction (eGFR <30 mL/
min/1.73 m2), attention must be paid to the development of 
contrast medium-induced nephropathy after contrast-
enhanced CT examination, and preventive measures need 
to be taken with the administration of isotonic transfusion. 
Alternatively, a reduction in the number of examinations 
or the amount of contrast medium may be considered.

Contrast-enhanced CT examination may be performed in 
patients with mild-moderate renal dysfunction (eGFR 
≥30 mL/min/1.73 m2) as they are not likely to develop 
contrast medium-induced nephropathy (CIN) after the 
administration of contrast medium. On the other hand, the 
risk of CIN is thought to be low even in patients with 
severe renal dysfunction (eGFR <30 mL/min/1.73 m2). 
However, due to its insufficient evidence, appropriate 
preventive measures need to be taken while explaining the 
risk of developing CIN to the patient.494 In addition, patients 
requiring critical care and severe emergency outpatients 
have a high risk of developing acute kidney injury, 
regardless of the administration of a contrast medium. 
Thus, even in patients with moderate renal dysfunction 
(eGFR <45 mL/min/1.73 m2), appropriate preventive 
measures need to be taken while providing sufficient 
explanation to the patient. On the other hand, contrast-
enhanced CT examination may be considered for patients 
with life-threatening unstable circulatory dynamics who 
are strongly suspected of having aortic aneurysm rupture 
or acute aortic dissection, regardless of the presence or 
absence of renal dysfunction.

With regard to the transfusion method for the prevention 
of CIN, 0.9% saline solution (physiological saline solution), 
which is an isotonic transfusion, is transfused at 1 mL/kg/h 
from 6 h before the start of contrast imaging, and it is 
transfused at 1 mL/kg/h for 6–12 h after the completion of 
contrast imaging. In urgent cases with limited transfusion 
time, sodium bicarbonate solution (1.26%, 152 mEq/L) is 
transfused at 3 mL/kg/h from 1 h before the start of contrast 
imaging, and it is transfused at 1 mL/kg/h for 6 h after the 
completion of contrast imaging.494 However, the volume of 

Table 69. COR and LOE for Contrast-Enhanced CT in 
Patients With Aortic Diseases

COR LOE

 Contrast-enhanced CT may be considered for 
patients with severe renal dysfunction (eGFR 
<30 mL/min/1.73 m2) after taking preventive 
measures against contrast medium-induced 
nephropathy494,1935,1936

IIb C

COR, class of recommendation; CT, computed tomography; 
eGFR, estimated glemerular filtration rate; LOE, level of evidence.
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transfusion may be reduced if there is a possibility of 
heart failure due to transfusion. In addition, the effec-
tiveness of any drug therapy in preventing CIN has not 
been established, and blood purification therapy is not 
recommended.

 ▋3.3 Gadolinium Contrast MRA Examination
Contrast-enhanced MRA examination using gadolinium 
contrast medium is contraindicated for patients with severe 
renal dysfunction (eGFR <30 mL/min/1.73 m2), dialysis, or 
acute renal failure due to the risk of developing nephrogenic 
systemic fibrosis.1937 The preventive effect of transfusion 
and dialysis has not been demonstrated, and their alterna-
tives need to be considered.

 ▋3.4  Compatibility of Medical Devices With MRI 
Examination

Medical devices, including implantable devices and metals, 
are classified into different types, such as “MRI contrain-
dicated,” “MRI compatible,” and “those that can be 
imaged depending on the condition”.147 It is important to 
perform examinations after confirming compatibility 
online with the “MR compatibility search system for 
medical devices” (MEDIE Co. Ltd.), in addition to the 
confirmation by the package insert.
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Boston Scientific 

Corporation
Kowa 

Pharmaceutical 
Co., Ltd.

Daiichi Sankyo 
Company, Limited

Nippon Boehringer 
Ingelheim Co., 
Ltd.

Nipro Corporation 
EP-CRSU Co., Ltd.
Edwards Lifesciences 

Corporation
Daiichi Sankyo 

Company, Limited
Pfizer Japan Inc.

Astellas Pharma Inc.
Otsuka 

Pharmaceutical Co., 
Ltd.

Daiichi Sankyo 
Company, Limited

Mitsubishi Tanabe 
Pharma Corporation

Nippon Boehringer 
Ingelheim Co., Ltd.

Takeda 
Pharmaceutical 
Company Limited

Independent 
Assessment 
Committee:  
Tetsuro Miyata

Daiichi Sankyo 
Company, Limited

Bayer Yakuhin, Ltd.
AnGes, Inc.

Bayer Yakuhin, Ltd. Daiichi Sankyo 
Company, Limited

Independent 
Assessment 
Committee:  
Yutaka Okita

Medtronic plc
Edwards Lifesciences 

Corporation
Japan Lifeline Co.,Ltd.
TERUMO 

CORPORATION
Abbott Japan LLC
SENKO MEDICAL 

INSTRUMENT 
Mfg. Co., Ltd.

JMS Co., Ltd.

Independent 
Assessment 
Committee:  
Yuichi Ueda

Edwards Lifesciences 
Corporation
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