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Abstract We investigated whether and how the severity of
medial degeneration lesions varies along the circumference
of the dilated intrapericardial aorta. Two groups of aortic
wall specimens, respectively harvested in the convexity and
concavity of ascending aorta in 72 patients undergoing
surgery for dilatation of the intrapericardial aorta associ-
ated with aortic valve disease, were separately sent for
pathology, morphometry, and ultrastructural examination.
Cystic medial necrosis, fibrosis, and elastic fiber fragmenta-
tion were classified into three degrees of severity; their
mean degree and morphometric findings in the convexity
and in the concavity specimens were compared by paired
t-test. Correlation between echocardiographic degree of
aortic dilatation and severity of medial degeneration was
assessed separately for each of the two groups of specimens.
Morphologically, medial degeneration was found in all
cases; a higher mean degree was found in the convexity
group (2.39 ± 0.58 vs 1.44 ± 0.65 in the concavity group;
P < 0.001). At morphometry normal smooth muscle cells in
the convexity specimens were significantly reduced (P =
0.007); the length (P = 0.012) and number (P = 0.009) of
elastic fibers reduced and increased, respectively. More-
over, in the convexity specimens a significantly smaller
amount of smooth muscle cells and an increase of immuno-
histochemical labeling of apoptosis-associated proteins in
the subintimal layer of the media was noticed. Correlation
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between aortic ratio and medial degeneration degree was
significant in the convexity group (P < 0.001), but not in the
concavity group (P = 0.249). Scanning electron microscopy
analysis confirmed morphological results and allowed us to
better distinguish the early pathological cavities from the
microvessels, which were in the outer media in normal aorta
and ubiquitous in aortitis or atherosclerosis. Electron trans-
mission microscopy analysis showed changes in the extra-
cellular matrix and smooth muscle cells, and these changes
increased from the intima to the adventitial layer of the
media. In dilated intrapericardial aorta, medial degenera-
tion changes and expression of apoptosis-associated pro-
teins are more marked in the ascending aorta convexity,
likely due to hemodynamic stress asymmetry. Ultrastruc-
tural findings allow us to distinguish the early medial
changes not yet evident on light microscopy.

Key words Aneurysm · Aortic valve · Aortic root · Medial
degeneration · Electron microscopy

Introduction

The diagnosis of ascending aorta dilatation associated with
aortic valve disease has been improved by new imaging
techniques.1,2 Recently, intrapericardial aorta dilatation has
been differentiated into “root aneurysm” when dilatation
is present proximally to the sinotubular junction and
“ascending aneurysm” when it is dominant distally from
the sinotubular junction;3 in both, the most common mor-
phological substrate is medial degeneration.

The pathogenesis of aortic wall changes underlying
aneurysmal dilatation is currently an issue of debate: in
particular, it has not yet been established whether medial
lesions are due to primary connective tissue defects or
develop secondary to hemodynamic forces, or both;1,4

certainly ascending aorta dilatation is more frequent in
congenital5,6 or acquired aortic valve malfunction,7 in aortic
bicuspid valves,8–10 and in some hereditary connective tissue
disorders such as Marfan or Ehlers–Danlos syndrome5
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where a spectrum of mutations in the fibrillin or type II
procollagen genes were demonstrated.11,12

The histological changes underlying ascending aortic
dilatation is Erdheim’s cystic medial necrosis13 or medial
degeneration, which is characterized by a triad of nonin-
flammatory smooth cell loss, fragmentation of elastic fibers,
and accumulation of basophilic ground substance within
cell-depleted areas of the medial layer of the vessel wall.
These findings could either result from damage and repair
events occurring in the normal aging aorta,3,14 or be seen
earlier in patients with abnormal postvalvular hemodynam-
ics (excessive injury)15 and in patients with connective tissue
disorders (impaired repair).5,12 Therefore, aortitis, athero-
sclerosis, and severe shear stress present the same histologi-
cal picture of medial degeneration.5

New insights in aortic root anatomy and hemodynamics
have recently shown a functional and structural asymmetry,
which has been though to be strictly related to biome-
chanics.16–18 Furthermore, aortic elastic performance plays
an important role; in fact, it deteriorated in advanced age,19

in hypertensive patients or those affected by coronary
artery disease,20 in habitual smokers,20 in 17β-estradiol
deficiency,20 and after infusion of some drugs.21

Our previous studies reported the degree of aortic dilata-
tion and the severity of histological changes in the aortic
wall,22–24 and defined the geometrical distribution of medial
degeneration within the intrapericardial aorta.25 These data
have been confirmed by Westaby et al., who suggest that
root dilatation begins in the noncoronary, then right coro-
nary sinus.26 The aim of our study was to investigate the
pattern of expression of medial degeneration in a larger
series to justify the choice of conservative surgical manage-
ment (“waistcoat aortoplasty”) of intrapericardial aortic
dilatations27 and prevent lethal complications (spontaneous
rupture and dissection), also in consequence of ultrastruc-
tural findings.

Patients and methods

Between March 1999 and February 2005, aortic wall speci-
mens were collected from 116 consecutive patients (104
men and 12 women), with a mean of age of 54.9 ± 12.1 years
(range 42–75), undergoing surgery for ascending aortic
dilatation with associated structurally diseased aortic valve
in 70 cases (60.34%). Patients with atherosclerotic aneu-
rysm (26 cases), aortitis (16), infective endocarditis (2),
or primary connective tissue disorders (such as Marfan syn-
drome) were excluded from the study.

The series included 72 patients, 64 men and 8 women
(M:F ratio 8 :1) with a mean age of 52.1 ± 12.1 years (range:
42–75). Body surface area of patients was calculated accord-
ing to the Dubois formula.24 In 20 patients the whole as-
cending aorta was replaced, while in the other 52 ascending
aortoplasty was performed. The aortic valve was excised
and replaced with a mechanical bileaflet valve in all cases: in
34 patients it was found to be structurally diseased, while in
38 cases with no gross leaflet lesions a severe dilatation of

the aortic root with severe valve incompetence was present,
and no valve-sparing procedures were attempted.

Echocardiographic diagnosis

Echocardiographic measurements were performed using
standard views, and by only two experienced examiners.
Transvalvular flow velocities were measured using
continuous-wave Doppler. Pressure gradients were then
performed after correction for left ventricular outflow
tract velocities using the complete Bernoulli equation.
Measurements were taken under hemodynamically stable
conditions; results were averaged from three subsequent
measurements in sinus rhythm. Aortic valve incompetence
was graded as mild if the regurgitation jet did not exceed 1
× 2cm, moderate if it did not exceed the middle of the left
ventricle and/or the tips of the papillary muscles, and severe
if it exceeded the middle of the left ventricle.

Ascending aortic diameters were measured at the level
of the aortic sinuses, sinotubular junction, and ascending
aorta as its widest diameter from the parasternal window
at end-diastole. To obtain comparable echocardiographic
data, predicted aortic root dimensions were calculated by
the regression formula described by Roman et al.,28 and an
aortic ratio was computed as measured diameter (maximum
dilatation among sinusal level and sinotubular junction) di-
vided by predicted diameter. Ascending aortic surgery was
indicated in the case of aortic ratio reaching 1.5 or more.

Morphological study

At surgery, samples were harvested about 1cm distal to the
sinotubular junction level in the three areas corresponding
to the sinuses of Valsalva (right and left in the concavity of
ascending aorta and noncoronary in the convexity); speci-
mens corresponding to the noncoronary sinus were taken
from the right anterolateral wall. Also, the explanted aortic
valve leaflets were sent for histology in all cases. All aortic
wall specimens and valve cusp specimens were obtained by
surgical excision perpendicular to the annulus.

Specimens of aortic tissue were fixed in 10% neutral
buffered formalin for 24h and then embedded in paraffin.
Aortic wall specimens were oriented in cross sections, trans-
verse to the axis of blood flow in vivo. Four-micrometer
thick sections were routinely stained with hematoxylin–
eosin, Weigert for elastic fibers–Van Gieson’s stain,
hematoxylin–orcein stain, and Alcian–Weigert stain for
elastic fibers. For immunohistochemical analysis (PAP-
staining according to Sternberger), 4-µm thick sections were
deparaffinized, rehydrated, and predigested with trypsin for
8min at 37°C; endogenous peroxidase was blocked with 3%
H2O2 in a Tris-buffered saline solution for 10min, sections
were incubated for 30min in a blocking solution, then
stained with a primary monoclonal antibody against actin
smooth muscle (monoclonal mouse antihuman, clone 1A4,
DAKO, Glostrup, Denmark), CD95/Fas protein (mono-
clonal mouse antihuman, clone APO-1, DAKO), and bcl-2
protein (monoclonal mouse antihuman, clone 124, DAKO),
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and polyclonal antibodies against Bax (polyclonal rabbit
antihuman, A 3533 Ig fraction, DAKO) and caspase 3/
CPP32 (polyclonal rabbit antihuman, A 3537 Ig fraction,
DAKO), respectively. Immunohistochemistry was used to
determine the density and the apoptosis of smooth muscle
cells. Apoptotic cells and smooth muscle cell nuclei were
counted using computer-generated image analysis (VIDAS
Kontron Elektronik Zeiss, Munich, Germany).

For each specimen, histological changes of medial de-
generation were evaluated according to the criteria of de Sa
et al.10 and Schlatmann and Becker14,15: cystic medial degen-
eration, defined as pooling of mucoid material; elastic frag-
mentation characterized by destruction of elastin lamellae;
fibrosis, defined as replacement of smooth muscle cells with
collagen proliferation; medionecrosis, defined as areas with
apparent nuclei loss. The above-mentioned changes were
ranked in three different grades: grade 1 (mild), grade 2
(moderate), and grade 3 (severe).

Morphometric analysis was performed by using two pro-
grams (RM 2100 or RM 5200) of a computer-assisted image
analysis system (VIDAS Kontron Elektronik). For each
specimen, five microscopic fields (final magnification ×620)
were randomly selected from the external, central, and inter-
nal layers of the media (total of 15 reference areas for each
specimen); the number of elastic fibers, total smooth muscle
cells (normal and degenerated together), and normal
smooth muscle cells alone was counted and mean values
were computed. The length of elastic fibers, considering their
angulation and their density per field, was also measured.

The ultrastructural study was performed using small aor-
tic tissue samples (2mm thick), fixed in 4% paraformalde-
hyde in phosphate buffer, postfixed for 1h in 1% OsO4,
embedded in Epon 812 resin, cut in ultrathin sections
(600Å in thickness) that were mounted in slot grids and
double stained with lead citrate and uranyl acetate. Selec-
tion of zones for electron microscopic analysis was made on
semithin sections stained with toluidine blue. They were
then examined with a Zeiss EM 902 transmission electron
microscope at magnifications ranging from ×110 to ×20000.

In 26 patients, scanning electron microscopy analysis
was performed using 0.5-mm thick fragments, fixed in 10%
buffered formalin at pH 7.4 and osmolarity 0.1, alcohol
dehydrated, and put in Critical Point chambers in order to
change the solvent with liquid CO2 at 38°C temperature and
85 bar pressure. Following this procedure, the fragments
were put in a Sputtering Device Emitech (Kent, UK) K550
chamber, emptying at 0.05mbar pressure. A 30mÅ thin
gold coating was used in a DSM 940 Zeiss scanning electron
microscope following Argon ion acceleration. Scanning
electron microscope morphometric analysis was performed
using the same programs and image analysis system as
described above.

Statistical analysis

To evaluate differences in medial degeneration severity
between the two aortic sites, degrees of medial degenera-
tion were coded as discrete variables assigned to each speci-

men (two groups of values composed by the same patients),
and comparisons between convexity and concavity speci-
mens were made using the paired t-test. Paired t-test was
also employed to compare morphometric findings between
the two groups of specimens.

Moreover, patients were divided into three groups
according to the aortic ratio (>1.7, 1.6–1.7, or <1.6). For
each of the two groups of specimens the correlation
between class of aortic ratio and degree of medial degenera-
tion was assessed using the chi-square test with Yates’ con-
tinuity correction.

Results

Echocardiographic and macroscopic findings

At echocardiography severe aortic valve incompetence was
found in 38, stenosis in 26 (moderate in 8 and severe in 18),
and mixed valve malfunction in 8 patients.

Morphologically, the ascending aorta convexity distal to
the noncoronary sinus was enlarged and thinned in all cases;
at transillumination, the wall was transparent in all cases.
On the other hand, the ascending aorta concavity distal to
the coronary sinus showed normal thickness in 62 patients,
while it was slightly thinned in the other 10.

Morphological, morphometric,
and immunohistochemical findings

On histologic investigation, medial degeneration was found
in all cases. A more severe involvement of the convexity
wall was observed in 52 patients (Fig. 1) (grade 3 vs grade 1
or 2 in 28, grade 2 vs 1 in 24) and a similar degree of
involvement of both sites in 20. The mean degree of medial
degeneration in convexity specimens was 2.39 ± 0.58 vs 1.44
± 0.65 in the concavity specimens (P < 0.001). There was
only a slight significance (P = 0.034) as far as the degree of
concavity medial degeneration among the patients with and
without structural changes was concerned.

Pathological examination of valve leaflets showed struc-
tural aortic valve disease in 34 cases: chronic rheumatic
valve disease in 28 patients (6 on bicuspid valve), dystrophic
calcific valve disease in 4 (2 on bicuspid valve), bicuspid
aortic valve in 4, and floppy aortic valve in 2. The aortic
valve was congenitally bicuspid in 14 patients of our series:
6 with chronic rheumatic valve disease, 2 with dystrophic
calcific disease, 2 with floppy aortic valve, and 4 with normal
valve. Eight patients with congenitally aortic bicuspid valve
were allocated to a subgroup characterized by the higher
degree of global medial degeneration expression. In 38 pa-
tients the valve showed no changes at morphologic exami-
nation, but it was removed because of incompetence from
severe aortic root and annulus dilatation.

Morphometric analysis results are summarized in Table
1. Smooth muscle cell loss was found in 40 out of 72 patients
(Fig. 2); normal smooth muscle cell density was significantly
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smaller in the convexity group if it increased from the in-
tima to the adventitial layer of the media, as also confirmed
by immunohistochemical stain (P = 0.009). Elastic fiber
length was reduced in 50 out of 72 patients, while their

number/field was increased in these same cases. This was
due to elastic fiber fragmentation. Differences between con-
vexity and concavity specimens as to the length (P = 0.012)
and number (P = 0.009) of elastic fibers were found to
be statistically significant. Disruption and fragmentation
were more severe, and the elastic fibers were shorter and
more numerous in convexity than in concavity, in 52 pa-
tients. Morphological findings were consistent with mor-
phometric data in 30 patients. The elastic lamellae in the
aortic media of patients with bicuspid valve were severely
shortened both in the concavity (3.98 ± 1.78) and convexity
(2.01 ± 0.98) specimens, with increased distance among the
lamellae.

On immunohistochemical analysis, smooth muscle cells
showed a significant expression (P < 0.05) of bcl-2 (12.1 ± 2.7
cells/high-power field [HPF]), bax (14.8 ± 2.7 cells/HPF)
(Fig. 3), caspase (15.3 ± 3.1 cells/HPF), and CD 95 (13.4 ±
1.7 cells/HPF) in the convexity of 21 of 45 patients exam-
ined when compared with that of the concavity; 16 patients
had a medial degeneration of grade 3. In 17 patients
(80.9%) it was more marked in convexity fragments, while
in 4 it was the same in both convexity and concavity. More-
over, smooth muscle cells showed variable labeling, being
marked in the subintimal layer and absent in the external
layer of the media.

Table 1. Morphometric analysis of aortic wall

MD changes Mean concavity Mean convexity P

No. of smooth muscle cells 528.1 ± 183.9 433.2 ± 195.5 0.258
No. of normal smooth muscle cells 475.1 ± 182.7 272.9 ± 160.8 0.009
No. of elastic fibers 201.8 ± 92.4 369.3 ± 208.9 0.012
Minimum length of elastic fibers 0.94 ± 0.39 0.37 ± 0.21 0.001
Greatest length of elastic fibers 13.24 ± 3.1 11.22 ± 3.35 0.175
Mean length of elastic fibers 4.55 ± 2.17 2.58 ± 1.07 0.007

MD, medial degeneration

Fig. 2. Low positivity of smooth muscle cells to α-actin smooth muscle
(arrowheads) (PAP-staining according to Sternberger, ×20)

Fig. 3. Bax expression of smooth muscle cells (arrowheads) in a patient
with severe-degree medial degeneration (PAP-staining according to
Sternberger, ×20)

Fig. 1. Aortic wall media in a patient with severe degree medial degen-
eration (grade 3): widespread loss of elastic fibers with areas of total
necrosis affecting more 50% of media thickness (Alcian-orceina, ×10)
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Ultrastructural findings

All investigated specimens at transmission electron micros-
copy, performed on 27 cases, showed changes in the extra-
cellular matrix and smooth muscle cells. In fact smooth
muscle cells were irregular in shape, with distorted intra-
cellular organelles. The ones near to the pseudocysts
showed degenerative changes such as hydropic change
(vacuolated cytoplasm, enlarged endoplasmic reticulum,
mitochondrial swelling, and cristolysis) (Fig. 4), and a de-
creased amount of myofilaments, sometimes with myelin
figures or none at all. Nuclei of smooth muscle cells
were irregular in shape. Some nuclei showed chromatin
margination into sharply delineated huge masses, budding,
blebbing, or apoptotic bodies.

Most of the elastin fibers were damaged, thereby com-
posing irregular fragments. In some regions between them
and the collagen fibers, numerous vesicle and pseudocyst
pooling of mucoid material and thin fibrils and clusters
of fibrillin (Fig. 5) were observed. These ultrastructural
changes increased from the adventitial layer to the intima of
the media; moreover, they were strongly marked in convex-

ity in all cases and were consistent with morphological ones
in 18 patients.

Scanning electron microscopy showed a cribrose appear-
ance at low magnification (×50–100); at high magnifica-
tion (×500–2000), many cavities lacking endothelium,
anfractuous and lined by elastic fibers and smooth muscle
cells, were observed (Fig. 6). Such cavities had a maximum
diameter of 200µm in fragments from aortic convexity and
of 100µm in those from concavity. In the convexity an elas-
tic fibers tridimensional disarray and diastases with devel-
opment of small cavities (<2µm) similar to the big ones
were found. To evaluate the above findings, they were com-
pared with controls taken from normal aortae.

The correlation between aortic ratio range and medial
degeneration degree was found to be statistically significant
only in the group of specimens corresponding to the con-
vexity (P < 0.001), while the degree of aortic enlargement
did not significantly correlate with the degree of involve-
ment of the concavity (P = 0.249) (Table 2). The degree of
medial degeneration in patients with congenitally bicuspid
aortic valve was 3 vs 1 (convexity vs concavity) in two
patients, 3 vs 2 in two patients, 2 vs 1 in four patients, and
similar in six patients.

Discussion

A definite pattern of distribution of medial degeneration
severity within the aortic wall has already been described.25

This pattern was consistent both with the recent finding of
asymmetry in the functional anatomy of the aortic root16–18,29

and with the proposed stress origin of medial degeneration
lesions.4,14,15

Fig. 4. Transmission electron microscopy: vacuolated cytoplasm and
mitochondrial swelling in one smooth muscle cell (×4400)

Fig. 5. Transmission electron microscopy: elastic fiber fragmentation
with clusters of fibrillin (arrowheads) (×3000)

Fig. 6. Scanning electron microscopy: cavities lacking endothelium,
anfractuous and lined by disorganized elastic fibers (arrowheads)
(×1000)
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Our results confirmed the correlation between the
degree of aortic dilatation and the aortic wall changes
previously observed by us22–25 and others,30 but also added
interesting information: such a correlation was found to be
more significant for the aortic convexity than for the aortic
concavity wall. Likely, a more severe medial degeneration
could increase the risk of aortic wall dissection or rupture.
Further investigations are needed to prove correlations be-
tween the extent of medial degeneration and the severity
and/or the type of valve malfunction.27

Scanning and transmission electron microsopy analysis
confirmed that the convexity changes were more marked
when compared with the concavity ones. Transmission elec-
tron microscopy showed the early changes of elastic lamel-
lae and smooth muscle cells such as dilated endoplasmic
reticulum, mitochondrial swelling and cristolysis, and focal
dissolution of actin and myosin, not evident on light micros-
copy. Some smooth muscle cells showed apoptotic changes
such as chromatin margination into sharply delineated huge
masses, budding, blebbing, or apoptotic bodies. Moreover,
the amount of these changes increased from the adventitial
layer to the intima layer of the media. Scanning electron
microscopy images allowed to better distinguish the patho-
logical cavities from the microvessels, which were in the
outer media in normal aorta and ubiquitous in aortitis or
atherosclerosis. The small cavities lined by fragmented elas-
tic fibers and smooth muscle cells represent the first lesion
that successively evolves in the large cavities and the
pseudocysts, evident also under light microscopy. These
cavities, seen only by scanning electron microscopy, are due
to elastic fiber fragmentation and also exhibit a concomitant
increase in mucopolysaccharides and reparative changes,
such as the formation of connective tissue fibers.14,15 Also,
these cavities are bigger in the intima layer than in the
adventitial one. Scanning and transmission electron micros-
copy are useful to identify the early changes of medial
degeneration.

Congenitally bicuspid aortic valves are known to be
associated with aortic cystic medial necrosis, coarctation,
and congenital aortic arch abnormality.8–10,31 A common
pathogenesis of ascending aorta and aortic valve disease
is postulated by Schievink and Mokri,32 likely due to the
common embryonic origin of aortic valve and ascending
intrapericardial aorta. In addition, echocardiographic ob-
servations demonstrated an association of aortic dilatation
with congenital aortic bicuspid valve in the absence of

hemodynamic valvular abnormality.33 Parai et al.34 mea-
sured, by computer-aided morphometry, the severity of
aortic medial degeneration associated with stenotic con-
genitally bicuspid and tricuspid aortic valve in patients who
died shortly after aortic valve replacement, and demon-
strated that aortae of congenitally bicuspid aortic valve pa-
tients had less elastic tissue than those with tricuspid valves.
The aortic valve was congenitally bicuspid in 14 patients of
the series; 8 patients could be allocated to a subgroup char-
acterized by the higher degree of global medial degenera-
tion expression. Therefore, although the numbers are too
small to draw any conclusion, according to the investiga-
tions of Bechtel et al.9 and Parai et al.,34 it is possible to
assert that patients with aortic bicuspid valve have a high
degree of medial degeneration. As far as the association
with congenital valvular diseases is concerned, a reduction
in neuroectodermic smooth muscle cells has been shown
(positive to glial fibrillar acid protein), which is likely to be
involved in an abnormal development of both the aortic
valve and root.35

Recent research has indicated that apoptosis of medial
smooth muscle cells is a widespread phenomenon, respon-
sible for mediating profound changes in arterial architec-
ture.36–38 The regulation of apoptosis in the aortic wall
is complex, and likely to consist of multiple interacting
nuclear (p53), cytoplasmic/mitochondrial (bcl-2 family), or
membrane receptors (CD95/Fas, TNF) pathways, which
finally activate a cascade of cysteine proteases (caspases).39

In fact, a powerful caspase-activating system is mediated
by cytokine receptors of the tumor necrosis factor family,
notably fas/apo-1/CD95.39 Our preliminary data showed a
significant expression (P < 0.05) of bcl-2, bax, caspase, and
CD95 in the smooth muscle cells of the convexity in 21 of 45
patients (46.7%) examined when compared with those of
the concavity. Apoptosis was present in 76.2% of patients
with grade 3 and was more marked in the internal layer of
the media in the convexity (80.9%).

Degeneration and depletion of smooth muscle cells
and the role of apoptosis in the disappearance of medial
smooth muscle cells in the aortic wall play a key role in the
development of aortic aneurysm, because smooth muscle
cells participate in the matrix repair process by syn-
thesizing extracellular protein such as collagen, elastin,
and proteoglycans, and in the matrix degradation process
through the release of proteinases, degrading extracellular
matrix proteins when these cells change phenotype.40 A p-

Table 2. Histological findings grouped according to the aortic ratio (column percentages and P values are reported)

Aortic ratioa n Convexity Concavity

Degree 1 Degree 2 Degree 3 Degree 1 Degree 2 Degree 3

<1.6 30 8 (100%) 22 (73.3%) 0 22 (45.8%) 4 (22.2%) 0
1.6–1.7 20 0 8 (26.7%) 12 (35.3%) 18 (37.5%) 6 (33.3%) 0
>1.7 22 0 0 22 (64.7%) 8 (16.7%) 8 (44.5%) 6 (100%)

Total 72 8 30 34 48 18 6
P <0.001 NS

NS, not significant
a Measured diameter (maximum dilatation among sinusal level and sinotubular junction) divided by predicted diameter23
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53 and bax increase in areas lacking smooth muscle cells in
Marfan syndrome patients was shown; therefore apoptosis
induced by wall stress could also play an important role in
the pathogenesis of medial degeneration.36,37 In our series,
smooth muscle cells displayed moderate intrinsic expres-
sion of the apoptosis–promoting factor Bax, apoptosis in-
hibitor bcl-2, the CD-95 receptor, and the activated form of
caspase-3/CPP32 in the subintimal layer, while it was rare or
absent in the external layer of the media. These data sup-
port the hypothesis that wall stress also plays an important
role in the induction of apoptosis and in the formation of
aneurysms, chiefly in the subintimal layer.36,37,41 However,
the absence of immunohistochemical labeling of apoptosis-
associated proteins or unspecific staining, in some cases,
may also be due likely to fixation, so it needs to be con-
firmed by further procedures such as TUNEL assay and
DNA electrophoresis.42

Our morphological results are consistent with previous
anatomofunctional observations, showing an asymmetrical
involvement of the proximal aorta in medial degeneration
lesions, a marked induction of apoptosis in the aorta con-
vexity, and a decrease in smooth muscle cell density. Iden-
tifying the structures of the involved proteins could be an
enlightening advance in the debate on the pathogenesis of
the dilatation of the intrapericardial aorta, and could also
relate asymmetry in biomechanics to asymmetry in histo-
logical changes.
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