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Abstract
We discuss the etiology of aortic dissection (AD) from various points of view. The development of AD requires two patho-
logical conditions: medial degeneration and mechanical wall stress. First, histopathological findings of medial degeneration 
are hypothesized to be due to a loss of elastic fibers and interconnecting elastic fibers. Damage to the vasa vasorum plays 
a key role in creating an entry site. The clinical causes of medial degeneration include hypertension, aortic aneurysms, 
obstructive sleep apnea, and connective tissue disorders. Second, mechanical wall stress is supposedly induced by shear 
stress caused by blood flow, together with hypertension and aortic root movement. Further investigation is necessary in the 
search for mechanisms responsible for medial degeneration prior to AD development.

Keywords  Aortic dissection · Etiology · Medial degeneration · Shear wall stress · Connective tissue disorder · Vasa 
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Introduction

Acute aortic dissection (AAD) is a potentially catastrophic 
condition for which the etiology has been described but 
remains to be fully elucidated. In addition, although hyper-
tension [1, 2] and Marfan syndrome (MFS) [3] are well-
known causes of aortic dissection (AD), their association 
with this disease are not fully understood. In this paper, we 
discuss the etiology of AD from various points of view.

AD may develop in response to specific conditions exist-
ing with the aorta. This is thought to involve “medial degen-
eration of the aortic wall”, the idea having initially been 
reported in 1958 [1]. The etiology of AD will be explained 
with respect to this process, except in response to events such 
as trauma or iatrogenic disease. In addition, the development 
of AD needs a “trigger” related to creating an entry site in 
the aortic wall. The trigger is presumed to be blood flow, 
which produces shear stress on the aortic wall. Thus, AD 
development requires two pathological conditions: medial 
degeneration and mechanical shear stress of the aortic wall. 

The etiology of AD will be explained according to these two 
pathological processes.

Medial degeneration of aortic wall

Histopathological findings

Medial degeneration of the aortic wall is considered to be 
a specific condition that favors the development of AAD. 
Cystic medial necrosis (CMN) is one of several representa-
tive medial degenerations of the aortic wall. However, the 
terminology for medial degeneration has varied over time. 
Recently, older terms such as CMN and medionecrosis have 
been replaced by terms such as mucoid extracellular matrix 
accumulation, elastic fiber fragmentation and/or loss, and 
smooth muscle cell nuclei loss [4].

Cystic medial necrosis

Classically, CMN has been regarded as the main cause of 
AD. Recently, CMN was reportedly observed in only 8–19% 
of AD patients without MFS [5–7] in whom the degree of 
CMN was mild. In contrast, it was observed in 40–82% of 
AD patients with MFS [5, 7], with the degree being severe. 
Thus, CMN is now not considered to be the main cause 
of AD without the presence of a connective tissue disorder 
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(CTD) such as MFS. CMN of a mild nature is observed with 
increasing age, and is also observed more often in patients 
with hypertension [8].

Elastic fiber loss

Elastic fiber is the most important component of connec-
tive tissue responsible for the elasticity of the aortic media. 
Several reports describe how elastic fibers were observed to 
be decreased in AD [7, 9] (Fig. 1). In contrast, others have 
reported that elastic fiber loss was not significant in this dis-
ease [10]. Additionally, the extent of elastic fiber loss may 
not be uniform in each case of AD.

Interconnecting elastic fiber loss

Interconnecting elastic fibers are components within connec-
tive tissue that bind elastic fibers together and can be seen 
only by electron microscopy. The loss of interconnecting 
elastic fibers has been reported in patients with AD [9, 11] 
and hypertension [11] (Fig. 2). This is thought to be essential 
in the etiology of the degeneration of the aortic media. The 
loss of interconnecting elastic fibers may result in difficulty 
balancing the shear stress present between the intima and 
adventitia of the aortic wall, resulting in the disruption and 
detachment of the intima, and causing the creation of an 
entry site [9].

Diseases causing medial degeneration of the aortic 
wall (Table 1)

Congenital diseases: connective tissue disorders

Elastic fibers are a component of connective tissue. CTDs 
show decreased and incomplete elastic fibers, resulting in 
fragile connective tissue such as in the aortic wall, bone, and 
lungs. The strength of the aortic media is the most important 
determinant of the fragility of the aortic wall; a CTD will 
subsequently lead to the development of AD and an aortic 
aneurysm. CTDs are also very often caused by genetic disor-
ders. This has led to the suspicion that patients who present 

with AAD and who are younger than 40 years of age may 
have a genetic disorder.

MFS (with FBN1 mutations) and vascular type 
Ehlers–Danlos syndrome (vEDS; with COL3A1 mutations) 
are well-known genetic diseases. Recently, patients with 
Loeys–Dietz syndrome (LDS) have been shown to have 
TGRBR1 or TGFBR2 mutations [12], while other CTDs 
with novel gene mutations, such as ACTA2 [13], SMAD3 
[14], and TGFBR [15], among others, are regularly being 
discovered. However, all gene mutations causing CTD have 
not been fully elucidated.

Marfan syndrome  MFS is the most common and represent-
ative CTD caused by FBN1 mutations, resulting in skeletal, 
ocular and cardiovascular problems. The most common and 
serious finding of MFS is a dilatation of the aortic root [16], 
which causes a type A AD; in such instances, surgical repair 
is aggressively performed.

Loeys–Dietz syndrome  LDS is caused by TGFBR1 or 
TGFBR2 mutations. The clinical manifestation of LDS is 
often varied: some cases have a Marfan-like appearance, 
while other patients look totally normal [17].

Bifid uvula, hypertelorism and the dilatation of branch 
vessels, such as celiac and supra-mesenteric arteries, from 
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Fig. 1   Elastic fiber loss is obvious in an aortic dissection (B) com-
pared to control (A)
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Fig. 2   The loss of interconnecting elastic fibers is more obvious in 
the external media in an aortic dissection (B) compared to control (A)

Table 1   Diseases associated with development of aortic dissection

Diseases Ratio References

Hypertension 50–86% [1, 2, 5, 27–30]
Obstructive sleep apnea 13% [34]
Aortic aneurysm 9% [36]
Bicuspid aortic valve 2% [20]
Connective tissue disorder < 10% [26]
 Marfan syndrome 5% [3]
 Others < 5% [26]
   Loeys–Dietz syndrome
   ACT2 mutations
   SMAD3 mutations
   TGFB2 mutations



273General Thoracic and Cardiovascular Surgery (2019) 67:271–276	

1 3

the aorta, are thought to be characteristics of LDS [12]; how-
ever, these are not commonly observed. Compared to MFS, 
connective tissue abnormalities are biased toward vascular 
abnormalities. If a patient has ectopia lentis, LDS is ruled 
out. Aortic root dilatation, which causes type A AD, is also 
a very important finding in LDS. Arterial dissection tends 
to occur with smaller vascular diameters compared to MFS 
[12]. For example, earlier operative intervention is recom-
mended for ascending aortic diameters of ≥ 42 mm in LDS 
compared to ≥ 45 mm in MFS [18].

Vascular type Ehlers–Danlos syndrome  vEDS is one of 
various types of EDS, and is caused by COL3A1 mutations. 
vEDS is generally characterized by the following findings: 
translucent skin, easy bruising, fragile arteries, and bowel or 
uterus perforations. In particular, easy bruising (97%) and 
translucent skin (77%) are often found in such patients [19]. 
Stretchy skin is characteristic of classical type EDS, not of 
vEDS. Disorders of the arteries in this disease do not often 
include the aorta; instead, supra-mesenteric, splenic, renal 
and common iliac arteries are more commonly involved 
[19]. Dissection and rupture of aneurysms of affected arter-
ies are the most common causes of death for patients with 
vEDS. Compared to MFS and LDS, aortic root dilatation is 
less commonly found in vEDS; however, the aorta is more 
fragile. As a result, surgery is only contemplated in poten-
tially fatal complications because of tissue weakness [18].

ACTA2 mutations  ACTA2 mutations cause abnormalities of 
the smooth muscle, resulting in CTDs [13]. Patients with 
an ACTA2 mutation lack any obvious physical abnormality 
making their diagnosis difficult from physical appearance 
alone, as for MFS.

Bicuspid aortic valve  A bicuspid aortic valve (BAV) is found 
in 9% of patients with AD who are less than 40 years of age; 
it is found in 2% of all AAD cases [20]. The etiology of 
BAV is presently under discussion and is thought to be asso-
ciated with the development of AD in two ways: First, aortic 
stenosis and regurgitation caused by a BAV may generate 
mechanical damage to the ascending aortic wall, resulting 
in aortic dilatation and AD [21]. Second, a BAV may be 
caused by a genetic disorder complicated by a CTD [22], 
resulting in aortic dilatation and AD because of a fragile 
aortic wall [23]. GATA2 [24] and NOTCH1 [25] mutations 
found in patients with a BAV have been reported; however, 
only a small proportion of patients carried these mutations. 
Thus, the major cause of a BAV, whether a hemodynamic or 
genetic disorder, remains unclear.

Others  SMAD3 mutations cause aneurysm–osteoarthritis 
syndrome, which is characterized by arterial aneurysms, 
skeletal anomalies and osteoarthritis [14].

Aortic root dilatation causing AD is an important clini-
cal feature of SMAD3 mutations. TGFB2 mutations cause 
Marfan-like clinical features such as aortic root dilatation 
and skeletal abnormalities. However, ectopia lentis is absent, 
individuals do not meet the diagnostic criteria for MFS, and 
AD does not occur at a young age as found in MFS [15].

What is the proportion of AD cases caused by genetic disor-
ders?  Patients with MFS comprise 5% of all AD cases [3]. 
However, with regard to young patients with AD and aortic 
aneurysms, we have shown that 60% of patients had MFS, 
6% had LDS, and 5% had ACTA2 mutations, while the other 
29% of cases were of an unknown origin [26]. Therefore, 
CTD cases other than MFS may account for less than a half 
of all MFS cases with AD and aortic aneurysms. MFS and 
other CTDs may amount to about 10% or less of all AD 
cases.

Acquired diseases

Hypertension  Hypertension is found in 50–86% of patients 
with AD and is associated with the development of AD 
in two ways: [1, 2, 5, 27–30]. First, it is related to medial 
degeneration of the aortic wall. Hypertension reduces the 
blood flow of the vasa vasorum that nourishes one-third of 
the external aortic media. Therefore, hypertension causes 
ischemia and damage to the external media, resulting in 
the latter’s decreased elasticity [31]. Second, hypertension 
causes mechanical shear stress of the aortic wall [32], result-
ing in the creation of an entry site. Thus, hypertension is 
related to both a specific condition that favors the develop-
ment of AD, and to the mechanical stress that creates an 
entry site.

Obstructive sleep apnea  Recently, obstructive sleep apnea 
(OSA) has been shown to be an important cause of AD [33, 
34]. Yanagi et al. reported that OSA occurred in 13% of all 
AAD cases [34]. However, it is difficult to fully understand 
how OSA affects the development of AD. One hypothesis 
is that negative intrathoracic pressures during apnea may 
increase the transmural pressure of the aortic wall, caus-
ing damage. An increase in sympathetic activity resulting 
in high blood pressure [33] may be necessary to initiate an 
entry site. In contrast, a cohort study showed that OSA was 
not associated with an increased risk of AD [35]. We con-
clude that evidence for OSA should be aggressively searched 
for among patients with AD during hospitalization.

True aortic aneurysms  We previously found a true aneu-
rysm was a complication in 24% of all cases with AAD; 
9% of all AAD cases originated specifically from an aortic 
aneurysm [36]. We should be mindful that the final features 
of a true aneurysm include not only an aortic rupture, but 
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also the development of AD. The aortic wall dilates while 
its structure is intact (intima, media, and adventitia) during 
the first stage of an aortic aneurysm. However, in the final 
stage, the aneurysmal wall, composed of three wall struc-
tures, breaks down and becomes thinner. Thus, AD some-
times occurs after the development of such broken down 
and thin aneurysmal walls.

Inflammatory aortic diseases  Inflammatory aortic diseases, 
such as Takayasu aortitis, giant cell aortitis, and Behçet’s 
disease, have been previously described in case reports but 
are unlikely to be a cause of AD. The main inflammatory 
lesion of Takayasu aortitis is composed of aortic media and 
medial necrosis and the fragmentation of elastic fibers [37]. 
Typical inflammatory lesions of Takayasu aortitis are found 
in neck vessels and subclavian arteries. The aortic root is 
also common as a site of inflammatory lesions, and aor-
tic regurgitation with dilatation of the ascending aorta is 
related to AD.

Pregnancy and steroid use  In pregnancy, an increased cir-
culatory blood mass raises blood pressure and causes aortic 
wall stress. Pregnancy is thus thought to be a risk factor for 
AD [38]. However, many pregnant patients who develop 
AD often have CTDs such as MFS, while pregnant patients 
without MFS are unlikely to develop AD [39]. Long-time 
steroid use also disturbs the production of collagen fibers, 
resulting in a fragile aortic wall and the development of AD 
[40].

Atherosclerosis  The association of atherosclerosis with the 
development of AD has been previously discussed else-
where [41, 42]. AD can develop at the site of a penetrating 
ulcer that is caused by atherosclerosis; however, the fre-
quency of occurrence is not high. In general, atherosclerosis 
is thought not to be associated with the development of AD 
[41]. In patients with AD, the extent of atherosclerosis can 
be from mild to moderate, while the development of AD 
is sometimes observed to cease at an atherosclerotic site of 
aortic aneurysm [36].

Aortic wall stress

Disruption of aortic intima caused by medial 
ischemia with shear stress

The aortic wall is composed of three layers: the intima, 
media, and adventitia. The media is the thickest layer and 
is responsible for the elastic property of the aorta. Nutrients 
and oxygen for two-thirds of the internal media are sup-
plied by perfusion from the lumen of the aorta, while nutri-
ents for one-third of the external media is supplied by the 

vasa vasorum [43]. As described above, hypertension dam-
ages the vasa vasorum, which is rich in the external media, 
resulting in external medial ischemia and a decrease in its 
elasticity [31]. In contrast, two-thirds of the internal media 
is unlikely to be ischemic, and its elasticity is unlikely to 
be reduced. Thus, differences in elastic properties between 
the inner and outer media plus the shear stress of the aortic 
wall, which is caused by blood flow proportional to hyper-
tension [32], may eventually lead to detachment of the lay-
ers to cause AD [31]. Most AD develops in one-third of the 
external media [44].

Vertical swinging motion at the aortic root

The aortic root moves vertically according to the beating 
of the heart. The aorta is anchored by three branch vessels 
from the aortic arch. Therefore, the aorta at the origin of 
these three vessels, where an entry site is often created, is 
exposed to strong mechanical stresses [45]. In fact, a finite 
element model shows that two centimeters distal from the 
aortic root, the origin of the brachiocephalic artery and the 
aortic isthmus are exposed to strong stresses [46].

Progression of AD in the media

During the development of AD, blood flows into the aor-
tic wall through an entry site and runs in the direction of 
the adventitia. In an experimental model, blood flow that 
reaches the first one-third of the external media turns in a 
cranio-caudal direction, resulting in the extension of a dis-
section [47]. Thus, AD often progresses in this first one-
third of the media [45, 47], which is the border for nutrition 
that is supplied by the vasa vasorum or perfusion from the 
aortic lumen. Any impairment of the vasa vasorum would 
mean a reduced blood supply and an increased fragility of 
the media, which may be associated with the development 
of AD.

AD without entry site

The term “intramural hematoma (IMH)” is defined as AD 
without an entry site and is a histopathological term. In 
Japan, we use the term “non-communicating false lumen” 
instead of IMH according to the “Guidelines for Diagnosis 
and Treatment of Aortic Aneurysm and Aortic Dissection 
(JCS 2011)” [48]. This is because the existence of an entry 
site is very difficult to determine in a clinical setting. Small 
intimal tears are not all detected by a computed tomography 
scan, even with a direct view. However, whether AD without 
an intimal tear can actually exist for a long period of time 
is controversial. Hirst et al. reported a lack of intimal tears 
in 4% of 505 autopsy cases of AD [1]. The International 
Registry of Acute Aortic Dissections reported that IMH 
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comprised 6% of 2830 AD cases [49]. About 5% of AD 
cases may lack an entry site.

If AD cases without an intimal tear actually exist, this 
may support the idea that medial degeneration is the first 
step in the development of AD. In ordinary cases, medial 
degeneration would cause disruption and detachment of the 
intima, which may then create an entry site resulting in a 
communicating false lumen. In contrast, a non-communi-
cating false lumen can develop in two ways: one is by blood 
flow in the media without re-entry that becomes stagnant, 
and coagulates wholly within the false lumen, including the 
entry site. The other is supposedly by rupture of the vasa 
vasorum causing hematoma in the media. In some limited 
cases of AD with a non-communicating false lumen, medial 
degeneration may cause a rupture of the vasa vasorum prior 
to an emerging entry site. These ideas are only hypotheses 
and have not, to date, been supported by sufficient evidence. 
Whether AD cases without intimal tears exist or not is one 
of the keys to resolving the mechanisms involved in their 
development.

Conclusions

AD may develop on the basis of medial degeneration, and 
mechanical aortic wall stress. Histopathological findings of 
medial degeneration are hypothesized to be a loss of elastic 
fibers and interconnecting elastic fibers. The clinical causes 
of medial degeneration include hypertension, aortic aneu-
rysms, OSA, and CTDs. In addition, mechanical wall stress 
is supposedly induced by shear stress caused by blood flow, 
together with hypertension and aortic root movement. Dam-
age to the vasa vasorum plays a key role in creating an entry 
site.

Thus, although the etiology of AD has been extensively 
discussed; it however, has not been fully elucidated. Fur-
ther investigation is necessary in the search for mecha-
nisms responsible for medial degeneration prior to AD 
development.
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