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Histological pattern and changes in extracellular
matrix in aortic dissections
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SUMMARY Samples from 34 patients were studied both histologically and immunocytochemically
by the indirect biotin-avidin peroxidase technique to analyse the distribution of the extracellular
matrix components (type IV collagen, fibronectin, types I and III collagens) in dissection of the
aorta. Most showed defects in type IV collagen around medial smooth muscle cells. Defects in
smooth muscle cell basement membrane were found throughout the media in cystic medial degener-
ation and in medionecrosis, whereas in atherosclerosis such unlabelled areas were found only above
advanced atherosclerotic plaques. In aortitis other defects in the smooth muscle cell basement
membrane were found in areas of inflammatory infiltrates. In all of these conditions similar defects
in fibronectin expression were also found. No defects in the expression of interstitial collagens type
I and III were seen in the dissecting aortas. Moreover, cystic medial degeneration, medionecrosis,
and atherosclerosis were characterised by intense staining of these interstitial matrix components. In
the pathogenesis of the aortic dissection local changes in the basement membranes of the medial
layer may be important.

Aortic dissection is the most common and often lethal
catastrophy that occurs in the aorta.' Controversy
surrounds its pathogenesis. 1 2 Recent studies empha-
sised the role of haemodynamic factors, especially
hypertension, in its pathogenesis.26 Some connec-
tive tissue and metabolic diseases, however, increase
the risk of aortic dissection at an early age.' 7-9

Therefore, the part played by defects in the aortic
wall itself remains unclear.

Since the original description of idiopathic cystic
medionecrosis by Erdheim7 medial changes have been
regarded as having a central role in aortic dis-
section.' 6 At present, cystic medial degeneration is
defined as the pooling of mucoid material and the
appearance of cyst like structures in the media and
medionecrosis as an apparent loss of nuclei in the
media.2 Histological studies, however, have further
indicated that none of the pathological features evi-
dent in dissecting aortas could be regarded as specific
for this condition. 1 2 6 10-13
Although cystic medial degeneration (CMD) and

medionecrosis commonly occur in dissecting aortas,
these conditions are also often found in normal aor-
tas.2 6 A feature common to most dissecting aortas is
the fragmentation of elastic fibres, ' 3 6 10 but this may
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be a rather non-specific reaction to various diseases
that cause injury and repair in the aortic wall.

In recent years several studies have described the
composition of the extracellular matrix (ECM) of the
aortic wall.14-22 So far, however, no immuno-
histochemical studies have been presented on the dis-
tribution of such components in dissecting aorta. We
therefore analysed the ECM composition of samples
from dissecting aortas and compared it with those of
the ECM found in the wall of normal aortas.

Material and methods

From 1964 to 1982 60 patients with aortic dissection
underwent surgery at the department of thoracic and
cardiovascular surgery, University Central Hospital
of Helsinki. The dissections were divided according to
DeBakey's criteria23 into three categories as follows:
type 1 (20 patients); type 11 (15); type III (25). Twenty
eight patients had hypertonia.
The files of the department of pathology, Univer-

sity of Helsinki, contained histological samples of the
dissecting area from 34 patients. Of this group, 14
patients had hypertension before the onset of aortic
dissection, while three patients presented with clinical
signs of Marfan's syndrome. The samples had been
routinely fixed in 4% buffered formalin and
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embedded in paraffin. For the histological analysis
5 pm sections were cut and stained by van Gieson;
haematoxylin and eosin; resorcin-fuchsin; alcian blue;
and periodic acid Schiff. Additional 5 gm sections
were cut for immunocytochemical staining. Biopsy
specimens of 12 ascending aortas removed during
coronary bypass operations were used as control sam-
ples. No age matching was possible between the con-
trol and dissecting aorta groups. The samples of the
control group were treated in the same way as those
from patients with dissecting aortas.

IMMUNOCYTOCHEMISTRY
Paraffin sections were deparaffinised in xylene,
brought to phosphate buffered saline through
decreasing concentrations of ethanol, then incubated
in a 0-2% pepsin solution for two hours. Recent stud-
ies have shown that ECM components can be reliably
analysed in routinely processed formalin fixed sam-
ples after treatment with pepsin.6 For immuno-
peroxidase staining the biotin-avidin peroxidase kit
(Vector Laboratories, Burlingame, California) was
used. The sections treated with pepsin were incubated
in 0-3% H202 in methanol for 30 minutes, washed in
phosphate buffered saline for 10 minutes; incubated
for 30 minutes with the primary antiserum; washed in
phosphate buffered saline for 10 minutes; incubated
for 60 minutes with biotinylated second antibodies;
washed in phosphate buffered saline for 10 minutes
and then for 60 minutes in horseradish-peroxidase-
avidin complex; washed in phosphate buffered
saline for 10 minutes; reacted with 3,3'-
diaminobenzidine-tetrahydrochloride and H202 for
five minutes; washed in tap water for five minutes,
and mounted. No staining was seen when the primary
antiserum was omitted or non-immune serum was
used instead.
The affinity purified monospecific rabbit antibodies

against types I, III, and IV collagens and fibronectin
applied for this study have been described pre-
viously.25 -28 They were kindly donated by Drs R
Timpl (Max Planck Institute, Munchen, Federal
Republic of Germany) and A Vaheri (University of
Helsinki, Finland).

Results

HISTOLOGY
The histological survey of 34 dissecting aortas dis-
closed several distinct pathological entities: cystic
medial degeneration (CMD), medionecrosis, athero-
sclerosis, and inflammation, but some aortas were
normal. Atherosclerotic plaques were often present
with medial changes. Hence classification into one
histopathological entity was not possible in all cases.
In addition, the degree of changes varied even within
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Table 1 Histopathologicalfeatures ofsamplesfrom 34
patients with dissecting aorta operated on between 1964-82
Normal 3
Atherosclerosis 1 6
Cystic medial degeneration 12
Medionecrosis 1 8
Inflammation 2
Elastic fragmentation 29
Total scarring 1

samples from a single case. Table I shows the histo-
pathological features of 34 dissecting aortas. Histo-
logically, the control specimens were normal or had
minor atherosclerotic changes. No medial changes
were present.

Elastic fragmentation and a loss of elastic fibres in
the media were seen in most patients. Only five had a
normal elastic fibre pattern. Histologically, three of
these aortas were normal and two had mild athero-
sclerosis. Fragmented elastic fibres were seen in asso-
ciation with all histopathological changes.
CMD was seen together with various degrees of

medionecrosis (fig la), but medionecrosis was also
seen without CMD above advanced atherosclerotic
plaques. The three patients with Marfan's syndrome
all showed typical CMD with increased staining of
acid mucopolysaccharidic extracellular material and
cyst like spaces in the media.

Various degrees of atherosclerosis were seen in the
aortic samples of 16 patients. In samples with fatty
streaks or fibrotic plaques the media was intact, and
only mild, or no, elastic fragmentation was seen. In
severely atherosclerotic samples (eight patients) the
demarcation between the intima and media was not
clear, and fibrosis also continued as far as the medial
layer. In these areas fragmented elastic fibres could be
seen and the number of nuclei was decreased. Some
samples, however, had medial changes that seemed to
be independent of the atherosclerosis, when CMD
was seen in association with mild atherosclerotic
changes.

Aortitis was seen in two cases. Pronounced
inflammatory infiltrates were found in both, but in
one they consisted almost exclusively of lymphocytes
with a few histiocytes, and in the second mostly
granulocytes with some eosinophilic leucocytes and
lymphocytes (fig lb). The histological picture in the
first case is characteristic of a non-specific aortitis, but
in the second case it was more acute. This patient
developed the aortic dissection soon after giving
birth.

Total scarring was found in one case: the aortic
wall had been replaced by fibrous tissue and only rem-
nants of medial cells or elastic fibres were found. In
the remaining three cases the aortic wall was histolog-
ically normal.
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Fig 1 a) Micrograph ofcharacteristic area ofaortic media showing cystic medial degeneration with acid mucopolysaccharidic
material containing cysts (asterix) and medionecrosis that can be seen as loss ofnuclei and increase in amount of extracellular
material.
b) In aortitis histological picture is characterised by infiltration ofinflammatory cells (in this case mostly lymphocytes) in
media. By using haematoxylin and eosin stain small neovascular capillaries in inflamed areas are difficult to recognise
(compare with fig 2e). (Haematoxylin and eosin.) a) x 250; b) x 150.

IMMUNOCYTOCHEMISTRY
Type IV collagen was seen in control aortic specimens
and histologically normal samples of the dissecting
aortas in the subintimal basement membrane and in
the media as longitudinal sheets between smooth
muscle cells. The basement membrane of adventitial
and vasa vasorum capillaries were brightly stained by
these antibodies (fig 2a).

In aortas with CMD and medionecrosis the expres-

sion of the basement membrane collagen was often
discontinuous and large unstained areas were often
found (fig 2b and c). In these areas elastic fibres were
fragmented. A rough correlation could be seen

between the quantity of fragmented elastic fibres and
the defects of basement membrane collagen around
smooth muscle cells in the media. In addition,
unlabelled areas in the media were smaller, and the
normal continuous expression of type IV collagen
was better preserved in samples with mild and mod-

erate medionecrosis than in those in which it was

severe.
In specimens with mild or moderate atherosclerosis

type IV collagen was seen in longitudinal sheets simi-
lar to those found in control aortas. In samples with
advanced atherosclerotic lesions with medial scarring
type IV collagen was also missing above the intimal
plaque (fig 2d).

In the samples with aortitis numerous neovascular
capillaries could be stained with antibodies against
type IV collagen (fig 2e). In the areas with
inflammatory cells the expression of type IV collagen
was irregular and fragmented. In the samples with
total scarring of the aortic wall no expression of type
IV collagen was found around the medial cells but the
subendothelial basement membrane was brightly
stained (not shown).

Fibronectin was seen in the control samples
throughout the wall: in the subendothelial basement

Table 2 Expression ofextracellular matrix components in media ofdissecting aortas as analysed by indirect biotin-avidin
peroxidase technique*

Histology Type IV collagen Types I and III collagen Fibronectin

Atherosclerosis D* I D
Cystic medial degeneration D N or I D
Medionecrosis D N or I D
Inflammation Dt N D
Total scarring I D

N = normal expression; D = defects in expression;,= no expression; I = increased expression. * Above advanced atherosclerotic plaques;
t in areas of inflammation; $ staining of the vasa is excluded.
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Fig 2 Expression of type IV collagen in different histopathological patterns ofdissecting aortas.
a) In histologically normal aortas type IV collagen forms regular longitudinal sheets in media.
b) In severe cystic medial degeneration with medionecrosis only remnants ofmedial smooth muscle cells can be seen.
c) Adjacent section stainedfor type IV collagen shows large unstained areas around medial cells and labelled areas also have
rather discontinuous and irregular staining pattern. Subendothelial basement membrane of vasa vasorum (arrow) is expressed
normally.
d) Unlabelled areas in media can also befound in severe atherosclerosis but only above intimal plaque (I).
e) In aortitis numerous neovascular capillaries can be seen by the stainingfor type IV collagen (arrow).
I = intima; M = media; A = adventitia. ((a) Indirect biotin-avidin peroxidase staining with antibodies against type IV
collagen; (b) Haematoxylin and eosin.) a-c x 50, d-e x 120.
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membrane of the intima vasa vasorum and adventitia,
and in the media around smooth muscle cells and
adventitia (fig 3a). However, in CMD, medionecrosis
(fig 3b) and severe atherosclerosis (fig 3c) the expres-
sion of fibronectin in the media was distorted, and
unstained areas were seen. In addition, fibronectin
was not seen in such clear regular layers as in the
control samples. As with the antibodies against type
IV collagen antibodies against fibronectin stained
neovascular capillaries in aortitis, but outside the
inflamed areas the staining pattern was normal (fig
3d).
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Sariola, Viljanen, Luosto
The interstitial collagens types I and III were seen

in all layers of the aortic wall. In histologically normal
aortas they formed thick longitudinal sheets in the
media (fig 4a); in CMD, medionecrosis, and aortitis
no defects of these fibres could be found (fig 4b). In
atherosclerosis staining for interstitial collagens was
intense in the intimal plaque, and in severe athero-
sclerosis the medial staining was also distorted (fig
4c). In the case with total scarring of the aortic wall
the media was stained throughout by the antibodies
against types I and III collagens (not shown). Table 2
summarises the immunocytochemical findings.
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Fig 3 Expression offibronectin in aortic dissection.
a) In histologically normal aortas stainingfor fibronectin can be seen throughout media.
b) Although in CMD and medionecrosis some unstained areas arefound in media (arrow), distorted staining pattern is
characteristic offibronectin.
c) In mild atherosclerotic lesions intimal plaque (I) is intensely stainedfor fibronectin and medial (M) staining is normal.
d) As with stainingfor type IV collagen, stainingforfibronectin show numerous neovascular capillaries (arrow) and distorted
staining pattern in aortitis.
((a-d) indirect biotin-avidin peroxidase staining with antibodies against fibronectin) a-b x 50; c-d x 120.
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Fig 4 Expression ofinterstitial collagens types I and III in aortic dissection.
a) In histologically normal aortas interstitial collagensform bundles through media. Note that these layers are thicker than
thoseformed byfibronectin and type IV collagen.
b) In CMD and medionecrosis bundles are not as regular as in normal aortas, but no defects can befound. In contrast, their
expression is intense and relative proportion ofinterstitial collagens seems to be increased.
c) In atherosclerosis a similar intense staining can be seen in intimal plaque (I) and media (M).
d) In aortitis interstitial collagens are expressed normally in media.
(Indirect biotin-avidin peroxidase stainings with antibodies (a, b, d) against type III collagen; and (c) against type I
collagen.) a-d x 50.

Discussion The results presented here suggest that CMD ai

medionecrosis lead not only to a fragmentation
Our histological and immunohistochemical survey of elastic fibres but also to a loss of basement membra
dissecting aortas shows that, in association with vari- components around medial smooth muscle cells. TI
ous histopathologic changes in the media, defects can may not, however, represent a systemic incompeten
be found in the expression of fibronectin and the base- of cells to produce basement membrane matrix,
ment membrane specific type IV collagen around me- defects were local in the aortic media, and the su

dial smooth muscle cells. For the interstitial ECM endothelial basement membrane of the intima a]

components types I and III collagens the expression vasa vasorum were expressed normally. Nonethele
was normal or even pronounced compared with that because some connective tissue diseases increase t
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matrix assembly could predispose the aortic wall to
the influence of haemodynamic stress and degener-
ative changes in the media, although these cases ac-
count for only a minority of all dissections. A local
absence or fragmentation of basement membranes
and elastic fibres elsewhere in the aorta could explain
the dissection of histologically and immuno-
histochemically "normal" aortas. Small local defects
of type IV collagen were especially characteristic in
aortitis and atherosclerosis.

Increased levels of elastases have been shown in dis-
secting aortas.7 A recent study proposed that elas-
tases can also remove basement membrane
collagen.32 Our results suggest that the elastic fibres
and the medial smooth muscle cell basement mem-
brane collagen may be the main targets for these en-
zymes in the aortic wall. Further in vitro studies with
aortic smooth muscle cells are required to show how
hypertension is reflected in the synthesis of elastases,
collagenases, and the ECM.
The immunohistochemical findings in this study

clearly correlated with histological changes, and, to
some extent, with the degree of fragmentation of elas-
tic fibres. Thus we propose that the staining patterns
of type IV collagen and fibronectin correspond to an
absence of these components in the damaged areas of
the media. An immunohistochemical study cannot,
however, exclude the possibility of antigenetic mask-
ing. Recent observations show that an enzymatic pre-
treatment of paraffin embedded samples with pepsin
has, in other instances, turned out to be a reliable tool
in the immunohistochemical analyses of ECM com-
ponents.24 33

Interstitial collagens types I and III did not show
defects similar to those of basement membrane col-
lagen and fibronectin. Indeed, they were found in
abundancy, although sometimes in a distorted pat-
tern. Their relative proportion in the aortic media
seemed to be increased. This phenomenon could
reflect a slow reparative process, compensating for
degenerative events in the media. Hence in connective
tissue disorders and metabolic diseases an abnormal
ECM may lead to an increased compliance of the aor-
tic wall.3 29I31 The high compliance could lead to
the degeneration of medial smooth muscle cells, and,
finally, to the degradation of their basement mem-
brane, as well as to a loss of elastic fibres. Cells par-
ticipating in the regeneration may slowly replace the
smooth muscle cells so that the ECM becomes the
interstitial type. The same sequence may occur in pa-
tients with no metabolic disorders, when the sequence
leading to the change in the ECM is initiated by
haemodynamic conditions, such as hypertonia or
abnormal blood flow, as in aortic valve diseases.

In conclusion, using a sensitive immuno-
cytochemical method, we showed that defects can be
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found in the basement membranes of the media in
dissecting aortas. The underlying mechanisms are un-
clear. Based on the observations described in this and
other recent papers, however,' 6 20 the following
scheme can be presented for the pathogenesis of the
aortic dissection: various different diseases may lead
to degeneration and necrosis of smooth muscle cells, a
loss of their basement membrane, and an increased
production of interstitial type matrix, most probably,
by cells participating in the regeneration-namely,
the fibroblasts. This sequence may be initiated either
by hypertonia, abnormal blood flow, or connective
tissue diseases that increase the aortic compliance or
haemodynamic stress against the wall. Very local de-
fects can be seen in aortitis and atherosclerosis. These
"weak"' loci, however, could be enough to initiate the
dissection.

This study was supported by a grant from the Ida
Montin Foundation.
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