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Although aortic dissection was previously a disease 
with an extremely poor prognosis, recent advances 

in diagnostic imaging and therapeutic modalities may 
improve its prognosis.1, 2) However, much of its etiology 
and pathogenesis remains unknown. In addition, new 
pathological variants of aortic dissection, such as intra-
mural hematoma (IMH) and penetrating atherosclerotic 
ulcer, and related diseases have been identified, raising a 
new problem. Against this background, this paper revisits 
the basic pathology of aortic dissection, and discusses the 
structural abnormalities of the aortic media and mecha-
nism of aortic dissection, as extrapolated from them.

Medial Weakness: A Pathological Prob-
lem with Aortic Dissection

Aortic dissection used to be clearly defined as a patho-
logical condition characterized by the presence of an aor-
tic intimal tear and medial dissection, that is, a condition 
in which blood flows from the entry site into the false lu-
men.3) However, advances in diagnostic imaging have re-
sulted in the identification of aortic dissection with no 
entry tear or false lumen flow, and these variants were 
included in the category of aortic dissection.4) For the dif-
ferentiation between the two types of aortic dissection, 
the former is referred to as classic or communicating 
aortic dissection, and the latter as IMH or non-communi-
cating aortic dissection. In IMH, no entry tear or false lu-

men flow is observed, strongly suggesting that no intimal 
tear exists anatomically. However, the limitations of di-
agnostic imaging make it difficult to establish its pres-
ence or absence. Therefore, it is doubtful whether IMH 
should be treated as the same entity as classic aortic dis-
section. However, in some cases, IMH has a poor progno-
sis in that it progresses to classic aortic dissection, or rup-
tures. Thus, clinically, it is believed that it is not contra-
dictory to treat IMH as a variant of aortic dissection.5, 6) 
In contrast, pathologically, since the diagnosis can be 
confirmed by autopsy, IMH is clearly defined as a dis-
section without an intimal tear.7, 8) However, at the same 
time, the important question of whether dissection with a 
tear (classic aortic dissection) and that without a tear 
(IMH) is the same disease arises. This is related to the 
long-standing debate over which occurs first, intimal tear 
or medial dissection, in the development of aortic dissec-
tion. The former is the hypothesis that a crack (intimal 
tear) first forms in the intima overlying a site of aortic 
medial weakness, followed by blood inflow from the lu-
men, resulting in medial dissection.9) This is a very natu-
ral way of thinking in terms of the direction of blood 
flow. However, from this viewpoint, it follows that no 
dissection occurs without an intimal tear, making it con-
tradictory to include IMH in the category of aortic dis-
section. On the other hand, the latter is based on the fact 
that no intimal tears were identified in about 10% of au-
topsied patients with aortic dissection, leading to a hy-
pothesis that bleeding from the medial vasa vasorum at a 
site of aortic medial weakness results in aortic dissec-
tion.7) This hypothesis suggests that medial dissection is 
sometimes followed by the development of an intimal 
tear, and sometimes not. Therefore, there is no contradic-
tion in regarding classic aortic dissection and IMH as the 
same disease. However, one may raise an objection that 
since the pressure in the aortic lumen is higher than that 
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sy cases of aortic dissection, respectively. In a histological 
study of autopsy material from 111 patients with aortic 
dissection, we observed CMN in a high percentage (82%) 
of patients with inherited connective tissue disease 
(ICTD) typified by Marfan syndrome, but in only 19% of 
non-ICTD patients, and the degree of CMN in non-ICTD 
patients was milder than that in ICTD patients.12) A recent 
study of surgical specimens has also reported a differ-
ence in the incidence of CMN between ICTD and non-
ICTD patients.13) This strongly suggests that CMN is a 
major factor involved in the development of aortic dissec-
tion in ICTD patients, and that it is difficult to fully ex-
plain the pathogenesis of aortic dissection in non-ICTD 
patients by CMN alone. Then, what changes are observed 
in the media of aortic dissection in non-ICTD patients? 
Unfortunately, histological examination is useless for this 
question, and often fails to detect significant changes. 
Close examination under a high magnification seems to 
show fewer dark brown-stained elastic fibers in the aorta 
of aortic dissection patients than in that of normal sub-
jects (Fig. 2 a & b); however, unfortunately, these figures 
give no more than an impression, indicating the limita-
tions of light microscopy. In such a case, detailed electron 
microscopic examination may provide useful informa-
tion. The following paragraphs describe the ultrastruc-
ture of the aortic media of normal subjects and aortic 
dissection patients, and discuss the difference in aortic 

in the vasa vasorum, bleeding from the latter cannot oc-
cur. The question of which occurs first, intimal tear or 
medial dissection, has not been fully resolved to date. 
What is pathologically important is that both events as-
sume the pre-existence of a medial weakness. In other 
words, there is a common recognition that no extensive 
aortic dissection occurs without an aortic medial weak-
ness, whether an intimal tear or bleeding from the vasa 
vasorum occurs first. Thus, various studies focusing on 
medial weakness have been conducted to date. In the fol-
lowing paragraphs, we will present the results and con-
cepts derived from these and our studies.

Cystic Medial Necrosis (Degeneration) 
and Limitations of Histological Examina-
tion

For many years, it has been reported that cystic medial 
necrosis (CMN) is observed in the aortic media of pa-
tients with aortic dissection. As shown in Fig. 1, CMN is 
a pathological condition characterized by the local disap-
pearance of elastic fibers in the arterial media, a reduc-
tion in smooth muscle cells (SMCs), and an increase in 
proteoglycans. The histological appearance suggests a 
medial weakness,9) but the incidence of CMN is not as 
high as expected. Wilson and Hutchin 10) and Larson and 
Edwards 11) identified CMN in only 10 and 18% of autop-

Fig. 1 Cystic medial necrosis observed in a patient with aortic dissection. 
There was a focal loss of elastic fibers in the aortic media, accompa-
nied by a decrease in smooth muscle cells and an increase in proteo-
glycans (Elastica van Gieson stain). Scale bar = 500 µm (Reproduced 
from Ref. 12).
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function inferred from ultrastructural observations.

Ultrastructure of the Normal Aortic 
Media

Electron microscopic studies by the research group of 
Glagov showed et al. showed that the normal aortic me-
dia consists of lamellar units comprising concentric elas-
tic laminae and intervening smooth muscle cells, elastic 
fibers, collagen fibers, and ground substance.14, 15) The la-
mellar structure apparently gives the impression of 
weakness, but, actually, the tunica media is very tough. 
For example, it has been reported that a pressure as high 
as 600 mmHg is required to tear the media, that is, to 
cause dissection by infusing physiological saline into the 
media.16) Much of the structure that confers the medial 
strength remains unknown, but it is believed to be de-
rived from the interconnection of the components of the 
lamellar units. First, let us focus on the most important 
components, elastic fibers and smooth muscle cells. 
When the human aortic media is treated with formic acid 
to remove the components other than the elastic fibers, 
and the structure of the remaining elastic fibers is exam-
ined by electron microscopy, the elastic laminae (running 
horizontally in Fig. 3a) can be seen to be mutually con-

nected by interlaminar elastic fibers (running vertically 
in the figure).17) We can clearly see that elastic fibers, 
which appear to be a mere overlapping of layers on a 
two-dimensional image as obtained by light microscopy 
microscopy, actually assume a three-dimensional frame-
work or network structure. In addition, transmission elec-
tron microscopy has shown that smooth muscle cells 
present in this framework structure are densely adherent 
and connected with elastic fibers.18, 19) The aorta receives 
blood from the heart and dilates passively during systole, 
and, conversely, contracts passively during diastole to 
smoothly pump the blood accumulated in the lumen to 
the periphery (Windkessel effect). Moreover, as described 
below, the thoracic aorta moves up and down and twists 
during systole and diastole. In other words, the aorta re-
peatedly expands and contracts passively like rubber in 
rhythm with the heart beat. It seems that the integrity of 
the media is preserved against the repeated motion of the 
aorta because elastic fibers and smooth muscle cells are 
strongly interconnected to function as a whole structure. 
Such interconnections between elastic fibers and between 
elastic fibers and smooth muscle cells (Fig. 4) are observed 
not only in humans but also in other animals; therefore, 
this structure seems to be a universal one necessary to 
maintain medial integrity against various forces.15, 20)

a bFig. 2 Histological appearance of the human aortic media. 

 a: Normal subject. b: Aortic dissection patient. Elastic fibers 

appear dark brown (Elastica van Gieson stain). Upper, intimal 
side. Lower, adventitial side. Scale bar = 50 µm.

 Elastic fibers appear dark brown (Elastica van Gieson stain).
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Fig. 3 Three-dimensional architecture of elastic fibers in the human aortic media. 

a: Normal subject. b: Aortic dissection patient. The aorta was treated with 

formic acid to remove the components other than the elastic fibers, and 
then examined by scanning electron microscopy. Upper, intimal side. 
Lower, adventitial side. Scale bar = 20 µm (Reproduced from Ref. 12).

a b

Fig. 4 Interconnections between elastic fibers and smooth muscle cells. Black-
appearing elastic fibers (E) and the processes of smooth muscle cells are 
connected with one another at many sites. The rat aortic media was exam-
ined by transmission electron microscopy after tannic acid staining. Scale 
bar = 1 µm  (Reproduced from Ref. 17).
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Changes in the Architecture of Medial 
Elastic Fibers in Aortic Dissection: Im-
plications for the Mechanism of Aortic 
Dissection

As shown in Fig. 3b, a three-dimensional scanning 
electron microscopic study of the structure of medial 
elastic fibers in aortic dissection patients using the same 
method as that for the normal aortic media revealed no 
significant changes in concentric elastic laminae (running 
horizontally in the figure) compared with those in nor-
mal subjects (Fig. 3a), but a marked reduction in inter-
laminar elastic fibers (running vertically in the figure) .17) 
Identical findings were observed in rats with aortic dis-
section induced experimentally by β-aminopropionitrile 
(BAPN).20) Fig. 5a shows the structure of elastic fibers in 
the normal rat aortic media, composed basically of con-
centric elastic laminae with connecting interlaminar elas-
tic fibers, as in the normal human aortic media. Trans-
mission electron microscopy confirmed this structure, 

showing the presence of many black interlaminar elastic 
fibers between horizontally running black elastic lami-
nae, as shown in Fig. 5b. On the other hand, in the aortic 
media of BAPN-treated rats, scanning (Fig. 5c) and 
transmission (Fig. 5d) electron microscopy showed that 
the structure of concentric elastic laminae was almost 
normal, but interlaminar elastic fibers were markedly re-
duced. Thus, the observation of similar, species-indepen-
dent changes strongly suggests that changes in the archi-
tecture of elastic fibers play a very important role in the 
development of aortic dissection.

We can extrapolate interesting mechanical changes 
from the structural changes of elastic fibers. That is, a re-
duction in interlaminar elastic fibers may result in the 
weakening of the connection between elastic laminae and 
that between elastic fibers and smooth muscle cells, thereby 
reducing the integrity of the tunica media. In extreme 
terms, this architecture can be likened to a deck of cards, 
that is, a structure with no vertical interconnection. Such 
a structure has little resistance to a tearing (Fig. 6a) or 

a

c

b

d

Fig. 5 The architecture of elastic fibers in experimental aortic dissection. a & b: Normal rat.  

c & d: β-aminopropionitrile-treated rat. a & c, The aorta was treated with formic acid 

to remove the components other than the elastic fibers, and then examined by scanning 
electron microscopy. Scale bar = 20 µm. b & d, The aorta was examined by transmis-
sion electron microscopy after tannic acid staining. Scale bar = 5 µm. Upper, intimal 
side. Lower, adventitial side (Reproduced from Ref. 20).
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shear force (Fig. 6b). Little resistance to a tearing force 
means little resistance to a dissection-promoting force in-
volved in aortic dissection. Blanton et al. developed a dog 
model of aortic dissection by creating an artificial inti-
mal tear in the normal dog aorta to cause medial dissec-
tion.21) This model shows that medial dissection can occur 
even when the architecture of the aorta is normal, that is, 
the components of the lamellar units are normally inter-
connected. However, a review of the literature shows that 
the dissection is narrow and localized. On the other hand, 
in humans, aortic dissection is often extensive, probably 
as a result of the weakened connection between the elas-
tic laminae in the tunica media, as described above. At 
autopsy on patients with aortic dissection, we often acci-
dentally increase the extent of medial dissection by 
touching the aorta, which also suggests that the tunica 
media has little resistance to tearing forces.

On the other hand, what we should think of the de-
creased resistance to a shear force is a difficult question. 
First, let us consider the force sustained by the aorta. The 
thoracic aorta is known to move in the long axis direc-
tion on every heart beat, and it has been noted that this 
force may play an important role in the development of 
dissection.9, 22) In a recent analysis using a finite element 
model, the largest stress increase due to aortic root dis-
placement was identified approximately 2 cm above the 
sinotubular junction,22) which, interestingly, is the most 
common site for the development of an intimal tear.12) On 
the other hand, Anagnostopoulos noted the possibility 
that the medial strain produced by stress from blood flow 
in the aortic lumen strongly influences the development 
of an intimal tear.23) These points of view are very attrac-
tive in suggesting that the stress on the aortic wall is suf-

ficiently great to cause aortic dissection. In other words, 
it is possible to extrapolate that, in the presence of archi-
tectural changes in elastic fibers, as shown in Figs. 3b 
and 5c, a force associated with the motion of the aorta or 
that of blood flow in the aortic lumen produces a strain 
(Fig. 6b), which causes medial dissection. What is im-
portant is that this extrapolation applies to both classic 
aortic dissection and IMH. So, we consider that if medial 
strain affects the intima, dissection with intimal tear occurs, 
resulting in classic aortic dissection. On the other hand, 
when medial strain tends to extend in the lateral direc-
tion, medial dissection alone may occur, leading to IMH.

Elastic Fiber and Elastin Abnormalities 
in Aortic Dissection: Literature Review

Studies using other animal models have also reported 
that abnormalities in elastin, the main component of elas-
tic fibers, have an important significance in the develop-
ment of aortic dissection. The research group of Daugh-
erty et al. reported that the administration of angiotensin 
II to apolipoprotein E-deficient mice resulted in the de-
velopment of localized aortic dissection, followed by the 
dilation of the lumen and subsequent development of an 
aneurysm.24) The importance of this report is that medial 
elastic fiber degeneration and macrophage accumulation 
were observed before the development of aortic dissec-
tion, suggesting that the structural abnormalities of elas-
tic fibers induced aortic dissection. Also, it has been re-
ported that, in fibrillin-1-deficient mice, elastic fiber 
fragmentation occurs, and aortic clamping results in the 
development of dissection.25) Since fibrillin-1 is required 
for the assembly of microfibrils around elastin, their 

Fig. 6 The weakness of lamellar structures is simulated by a stack of playing cards.

 a: A tearing force is applied. b: A shear force is applied. 
a b
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findings suggest that microfibril abnormalities are in-
volved in elastic fiber fragmentation. In addition, aortic 
dissection was also reported to occur in biglycan-defi-
cient mice26); however, unlike human aortic dissection, 
the aortic dissection in this model occurred between the 
media and adventitia, and no histological changes were 
observed in elastic fibers. However, since biglycan is be-
lieved to be involved in elastogenesis and elastic fiber 
stabilization, the possibility cannot be excluded that ul-
trastructural abnormalities of elastic fibers were pro-
duced, leading to the development of aortic dissection.

On the other hand, it has been suggested that, in hu-
mans, some molecules induce abnormalities of elastic fi-
bers and elastin, thereby being involved in the develop-
ment of aortic dissection. It is well-known that aortic dis-
section occurs in Marfan syndrome, in which microfibril 
abnormalities due to fibrin-1 gene mutations are believed 
to cause abnormalities in elastic fibers.27) The research 
group of Wang et al. reported that fibulin-5 expression in 
the aortic wall was down-regulated in patients with aortic 
dissection.28) Fibulin-5 is known to have an important 
function in elastin polymerization, and the possibility has 
been suggested that decreased fibulin-5 expression is as-
sociated with abnormalities in elastin assembly. Peng et 
al. reported that the amount of medin-derived amyloid 
deposited in the aortic media was lower, and that of non-
amyloid medin was higher, in aortic dissection patients 
than in a control group.29) Medin amyloid is commonly 
found in the aortic media of individuals older than 50 
years of age, and is a molecule in close contact with elas-
tic fibers. Medin, an immature amyloid, has been sug-
gested to be cytotoxic, and the possibility has been noted 
that medin may act on smooth muscle cells to increase 
the expression of matrix metalloproteinase (MMP)-2 in 
aortic dissection patients, thereby promoting the degrada-
tion of elastin and collagen. Koullias et al. investigated 
MMP expression in thoracic aortic aneurysm and aortic 
dissection patients, and reported that MMP-2 and -9 ex-
pression levels in the aortic media were higher in the aor-
tic dissection than in the thoracic aortic aneurysm pa-
tients.30) Since MMP-2 and -9 are involved in the degra-
dation of both collagen and elastin, these results suggest 
that elastin degradation is increased in aortic dissection. 
In addition, aortic dissection patients are often compli-
cated by hypertension,7, 10, 11, 12) suggesting that hyperten-
sion is closely involved in the development of aortic dis-
section by causing abnormalities in the architecture of 
elastic fibers in the aortic media.17) These abnormalities 
may have resulted from some changes in the metabolism 

of elastin and myofibrils, but much of their cellular and 
molecular biological mechanisms is unknown.

In addition to elastic fibers, other extracellular matrix 
components such as collagen fibers and glycosaminogly-
cans are present in the aortic media, and are involved in 
maintenance of the aortic wall integrity. Abnormalities 
in these components have also been noted in aortic dis-
section patients. For example, the composition of colla-
gen fibers has been reported to vary with the location of 
the aorta.31) Among glycosaminoglycans, the content of 
dermatan sulfate and hyaluronate has been reported to 
be increased in the areas of aortic dissection, suggesting 
that these localized increases are related to the develop-
ment of aortic dissection.32) In electron microscopic and 
immunohistochemical studies of cases of aortic dissec-
tion, Ishii et al. observed the presence of spirally thick-
ened collagen fibers, thinning and loss of the basement 
membrane of smooth muscle cells, and marked expression 
of MMP-1, -2, and -9 and tissue inhibitors of metallopro-
teinase (TIMP)-1 and -2, suggesting that overall changes 
in extracellular matrix components have an important 
significance in the development of aortic dissection.33)

Conclusion

Despite marked advances in the diagnostic imaging 
and treatment of aortic dissection, pathological research 
is lagging behind. This seems to be mainly due to the 
fact that pathological knowledge is not necessarily re-
quired for the diagnosis and treatment of acute aortic dis-
section. However, basic pathological, biochemical, and 
physiological knowledge lay the foundations for better 
diagnosis and treatment. Needless to say, when consider-
ing disease prevention, it is necessary to recognize abnor-
malities in the aortic wall before the occurrence of the 
catastrophic event of aortic dissection, and address them. 
Undoubtedly, medial weakness forms a basis for aortic 
dissection, and the weakness is most likely to be due to 
the structural abnormalities of elastic fibers, the main 
component of the media. In the future, it will be impor-
tant to conduct a detailed study of the pathogenesis of 
their structural abnormalities. For example, considering 
the close association between aortic dissection and hy-
pertension, it is an important problem to elucidate the ef-
fects of hypertension on elastin and microfibrils and their 
mechanism employing pathological methods. In addition, 
the pathophysiological study of the force generated by 
blood flow, blood pressure, or the motion of the aorta is 
also necessary.
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