
Abstract The clinical and pathological concept of
thromboangiitis obliterans (TAO, Buerger’s disease) is
still controversial. While the clinical criteria of TAO are
relatively well defined, the etiology is unknown and its
diagnosis based on pathology is confusing, since there is
no consensus on the precise pathological criteria for
TAO. To investigate the morphological features that dif-
ferentiate TAO from arteriosclerosis obliterans (ASO) or
thromboembolism, and to clarify the morphological in-
dependence of TAO, we studied 94 amputated specimens
of lower extremities, including 31 specimens from pa-
tients with a clinical diagnosis of TAO and 31 autopsy
specimens as control cases. It was revealed that most of
the classic morphological features described by Buerger
and others are not helpful when considered independent-
ly in the differential diagnosis, except for intact internal
elastic lamina. In addition, findings of intimal inflamma-
tion, intact media and absence of medial calcification
were demonstrated to be common in both TAO and
thromboembolism. Statistical analysis in the present
study, the most comprehensive thus far, showed that
novel findings of onion-like-shaped recanalizing vessels
in the occluded arteries, adventitial fibrosis without me-
dial fibrosis, swelling of the endothelium of the vasa
vasorum and edema beneath the external elastic lamina
were characteristic of TAO and would be helpful in a
differential diagnosis. When a combination of these mor-
phological features is present, diagnosis of a presumed
overlap of TAO and ASO in the same site of the vessel
concerned is possible. Furthermore, comparison of statis-

tical evaluations based on morphological features per-
formed in various diagnostic groups implies that the
clinical diagnosis of TAO is currently underestimated
because the results of the analysis of morphological fea-
tures of specimens in which TAO was suspected or spec-
imens selected on the basis of a broad and nonspecific
definition of TAO were surprisingly similar to the results
in strictly defined TAO cases. Our findings suggest that
injury and regeneration of minute vessels such as recana-
lizing vessels and vasa vasorum play a part in the patho-
genesis of TAO.
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Introduction

Thromboangiitis obliterans (TAO, Buerger’s disease) is
an uncommon, but not extremely rare, disease. It occurs
more often in Asian than in Western countries. Since the
first detailed morphological description by Buerger in
1908 [7], there have been a multitude of clinical and
pathological communications about TAO. Nevertheless,
its etiology remains obscure [9, 25, 33, 34, 40, 42]. It oc-
curs more often in young males and cigarette smokers,
and the lower extremities are the main target of this
vaso-occluding disease [9, 10, 24, 25, 30, 40, 42]. To re-
duce or diminish the ischemic effects of TAO, several
different therapeutic approaches have been undertaken
[13, 33, 40, 41].

In contrast to clinical trials, there has been little pro-
gress in defining the histological features of TAO. Re-
cently, there have been few reports presenting morpho-
logical data on TAO (Table 1). In particular, features that
would be useful in diagnosis, and especially any that
might help in differentiating arteriosclerosis obliterans
(ASO) from TAO, are lacking. Furthermore, it remains
unsettled whether TAO and thrombotic disorders, such
as systemic or peripheral thrombosis and embolism, are
separate entities [3, 15, 23, 27, 43, 44].
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Currently, TAO is most often diagnosed clinically af-
ter the exclusion of other arterial diseases and of athero-
sclerotic risk factors other than smoking, since patholog-
ical findings are regarded as imprecise [9, 40]. On the
other hand, documentation based on histological findings
of atypical TAO, e.g., that affecting women [11, 14], vis-
ceral or cerebral blood vessels [11, 16, 37], a diabetic pa-
tient [14] and nonsmokers [11, 14] has been increasing.
Therefore, there is a question of whether there is room
for over- or underdiagnosis. The long-term prognosis
and survival rate of TAO have been reported to be more
favorable than those of ASO [25, 29, 32]. Taking these
factors into consideration, there is a need for distinct his-
topathological criteria for the diagnosis of TAO.

Materials and methods

Patients, tissues and slide preparations

We studied 94 amputated specimens of lower extremities from 79
patients (11 women) aged 20–88 years (mean 57). Patients under-
went amputation owing to gangrene in Tokyo University Hospital
from 1970 to 1986 (59 specimens), Toranomon Hospital in Tokyo
from 1976 to 1983 (26 specimens) or Kanto Teisin Hospital in To-
kyo from 1982 to 1996 (9 specimens). Amputations were below the
thigh, knee, heel and toe in 13, 33, 26, and 22 specimens, respec-
tively. After fixation in 10% formalin, specimens were cut into
transverse segments at intervals of 2–3 cm. Representative smaller
pieces 0.5 cm thick were embedded in paraffin, and 4-µm tissue
sections of the sample were stained with hematoxylin and eosin,
elastica–van Gieson, and Masson’s trichrome. As control speci-
mens (no gangrene), 31 autopsy specimens taken at Tokyo Univer-
sity from 1996 to 1997 from subjects aged 34–86 years (mean 72)
were studied in the same way. All specimens were taken from be-
low the level of the thigh and included popliteal, anterior tibial,
posterior tibial and peroneal arteries along with the parallel veins.

Recorded clinical diagnosis

Clinical diagnoses causing gangrene in 94 specimens were: TAO
31, ASO 27, chronic arterial occlusion (CAO; no characteristic
symptoms of ASO or TAO [21]) 12, diabetes mellitus (DM) 8,
thrombus 4, progressive systemic sclerosis (PSS) 4, polyarteritis
nodosa (PN) 3, and necrosis 5. The diagnosis was chiefly based on
clinical history, signs, laboratory data, and arteriography.

Recorded pathological diagnosis

Pathological diagnoses of 94 amputated lower extremities were:
TAO 24, compatible with TAO 7, ASO 32, ASO with angiitis 1,
diabetic gangrene 1, thrombosis 4, arteritis 4, compatible with PSS
1, and necrosis 20. The diagnosis was based mainly on the pres-
ence or absence of morphological features such as recanalization
vessels (REC), alteration of internal elastic lamina (IEL) or media,
increase of vasa vasorum and calcification or cholesterol clefts.
Diagnoses varied among the 31 autopsy specimens: cancer, 15;
heart failure, 5; pneumonia, 2; aortic aneurysm, 2; leukemia, 2;
and 1 case each of liver cirrhosis, ASO, PSS, Machado-Joseph
disease and Crow-Fukase syndrome.

Re-evaluation of clinical diagnosis

In order to define the cause of gangrene by definite and indepen-
dent diseases, all available clinical data on 94 specimens were re-
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evaluated. Based on these data the specimens were assigned to
four diagnostic groups without regard for the original recorded di-
agnosis. The first group, definite TAO specimens, fulfilled all five
of the clinical criteria proposed by Shionoya [39]: (1) smoking
habit; (2) onset of symptoms before the age of 50; (3) infrapopli-
teal arterial occlusion; (4) phlebitis migrans or upper extremity in-
volvement; and (5) absence of atherosclerotic risk factors such as
hypertension, hypercholesteremia and DM. The second group,
specimens from suspected TAO cases, fulfilled 4 of the above 5
criteria. The third group, definite ASO specimens, fulfilled all of
the following three criteria: (1) onset of the symptoms after the
age of 50 [17, 40]; (2) absence of phlebitis migrans and upper ex-
tremity involvement [23, 29]; and (3) presence of hypertension or
hypercholesteremia [17, 22, 23]. The fourth group, thromboem-
bolic cases, included 4 specimens with a clinically diagnosed
thrombus and 3 specimens of pathologically confirmed digital
cholesterol emboli. All patients in this group had a sudden onset
and were confirmed to have atrial fibrillation on electrocardio-
gram. Five cases among the additional controls were incidentally
found to have occluded infrapopliteal arteries in combination with
a clinical history of chronic heart failure or systemic embolism.
These were included in the fourth group. The numbers of speci-
mens were: group 1: 12, 2: 17, 3: 22, 4: 12 (Table 2).

Re-evaluation of pathological features

One to three representative preparations for each specimen, mostly
those in which the most severely narrowed arteries were included,
were analyzed with regard to the following morphological details. If
necessary, additional sections were examined. The expression of
each morphological feature was scored from 0 to 3 (0: absent; 1:
slightly present; 2: obviously present; 3: present over a wide range).
Examples of features with score values of 2 or 3 are given in Figs. 1
and 2. In the intima, quantity of newly formed elastic lamina around
REC (NEA) (Fig. 1A, C), newly formed elastic lamina paralleling
IEL (NEP) (Figs. 1B–D), onion-like-shaped REC showing stratifi-
cation of endothelium or basement membrane (Fig. 1E), cholesterol

clefts (Fig. 1D) and degree of inflammation (Fig. 1E) were assigned
values. Degree of bend (intactness) of IEL (Figs. 1A, 2A and 2B)
was assigned a value. In the media, degree of calcification (Fig.
2G), fibrosis (Fig. 1B), atrophy caused by intimal thickening (Fig.
1B) and edema beneath external elastic lamina (Figs. 1G, 2A) were
assigned values, as were the quantity of vasa vasorum (Fig. 1A) and
degree of swelling of endothelial cells of vasa vasorum (Fig. 1G). In
the adventitia, values were given to the degree of inflammation
(Fig. 2A) and fibrosis (Figs. 1A, B, 2A). The degree of adventitial
fibrosis without medial fibrosis (Figs. 1A, 2A) was also valued. Fi-
nally, values were assigned to the degree of inflammation and
thrombosis of adjacent veins (Fig. 2A). [7, 10, 26, 38]. For simpli-
fied comparison of the specimen ratios shown in Table 2, data val-
ues of the initial scoring were merged as follows: scores of 0 and 1
were altered to 0 (no or slight expression of features), and scores of
2 and 3 were altered to 1 (obvious expression of features).

Statistical analysis

Statistical analysis, including Chi-square test, Spearman’s rank cor-
relation and logistic regression models, was performed with the
SPSS software program using the above scores (0–3). Initially, this
analysis was performed for the diagnostic groups established as de-
scribed above. Furthermore, a possible bias in histology that might
otherwise have been caused by an amputation below the anatomi-
cal position of the occluded artery (sample error) was avoided by
excluding such samples. For the final statistical analysis, only the
53 specimens (groups 1’–4’) that showed either complete occlusion
or at least 70% stenosis with the presence of recanalizing vessels of
arteries were included. The number of specimens in these groups
were: group 1’: 12; 2’: 9; 3’: 14; and 4’: 12 (Table 3). In addition,
the same analysis was performed for all specimens based on the
original recorded diagnosis. To investigate age-related influences,
specimens in each of these four groups were divided in half into
those from younger and from older patients, and the same analysis
was performed for the sum of specimens from younger patients
versus those from older patients in each of the four groups.
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Table 2 Morphological criteria for TAO: specificity of histologi-
cal findings compared with defined diagnostic groups [Q quantity
was valued, D degree was valued, NEA (no. 1), NEP (no. 2), REC
recanalizing vessels (no. 3), IEL (no. 6), EEL external elastic lami-

na (no. 10), ECVV endothelial cells of vasa vasorum (no. 12), AF
adventitial fibrosis, MF medial fibrosis (no. 15), ns nonspecific, ct
characteristic of TAO, ca characteristic of ASO]

Histological findingsa Diagnostic groups 1–4: Estimation of
specificity

1 2 3 4 Total
TAO Suspected TAO ASO Thromboembolism

No. 12 17 22 12 72

1 Q: NEA 6/6b 7/10 1/21 3/9 18/54 ns
2 Q: NEP 1/11 2/15 14/8 8/4 30/42 ns
3 Q: onion-like shaped REC 8/4 8/9 0/22 1/11 17/55 ct
4 Q: cholesterol clefts 0/12 0/17 8/14 4/8 15/57 ca
5 D: intimal inflammation 10/2 7/10 7/15 8/4 35/37 ns
6 D: intact IEL 5/7 2/15 1/21 1/11 9/63 ct?
7 D: medial calcification 0/12 0/17 8/14 3/9 14/58 ca
8 D: medial fibrosis 1/11 1/16 15/7 8/4 31/41 ns
9 D: medial atrophy 1/11 0/17 13/9 1/11 17/55 ca?

10 D: edema beneath EEL 10/2 7/10 3/19 0/12 20/52 ct?
11 Q: vasa vasorum 10/2 9/8 8/14 5/7 36/36 ns
12 D: swelling of ECVV 7/5 10/7 2/20 0/12 19/53 ct?
13 D: adventitial inflammation 4/8 6/11 3/19 2/10 17/55 ns
14 D: adventitial fibrosis 10/2 10/7 8/14 4/8 34/38 ns
15 D: AF without MF 6/6 4/13 0/22 0/12 10/62 ct
16 D: venous inflammation 5/7 4/13 2/20 0/12 12/60 ns
17 D: venous thrombosis 10/2 10/7 5/17 1/11 28/44 ns

a Main ananomical sites in estimating each histological finding
are: intima (no. 1–5), internal elastic lamina (no. 6), media (no.

7–10), vasa vasorum (no. 11, 12), adventitia (13–15) and adjacent
veins (16, 17)
b Case ratio: obviously present / absent or slightly present
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Results

TAO patients in this retrospective study were mainly
those at the secondary (intermediate) and tertiary (chron-
ic) stages [7]. Multinucleated giant cells within the oc-
cluded vascular lumen, which Buerger regarded as char-
acteristic of the first (acute) stage of TAO [7, 8], were
found in only one specimen within conspicuous micro-
abscesses of the vascular intima (Fig. 2E). More fre-
quently found observations were giant cells or giant cell-
like phenomena clearly not associated with TAO, which
indicated degeneration of endothelial cells or other
pathological alterations of the vascular wall (Fig. 2F).
Also in ASO, an osteoclastic giant cell was found adja-
cent to ossification of the media (Fig. 2G).

Table 2 provides a survey of various dichotomized
histological features and their relation to certain diagnos-
tic groups. Such features as the presence of onion-like-
shaped REC and adventitial fibrosis without medial fi-
brosis appear to be typical findings exclusively in TAO
or suspected TAO specimens compared with those of
ASO and thromboembolism. Intact IEL, edema beneath
external elastic lamina and swelling of endothelial cells
of the vasa vasorum were rarely present in specimens af-
fected by ASO and thromboembolism. Intact IEL is
known to be characteristic of TAO, but the latter two
features are novel findings in this disorder. In contrast,
cholesterol clefts and medial calcification were not
found in TAO or suspected TAO specimens. They were
regarded as characteristic of ASO, although some speci-
mens of thromboembolism had findings in common with
ASO. Medial atrophy was a typical finding in ASO, but
absence of this feature was common in TAO and throm-
boembolism. Other features were estimated as nonspe-
cific, because they were common in all diagnostic
groups.

Statistical analysis using Spearman’s rank correlation
verified these findings even for the more strictly defined
groups 1’–4’ and the more broadly defined specimens
based on clinical diagnosis (Table 3). Comparison of the
analysis of definite TAO versus ASO with that of defi-
nite TAO versus thromboembolism showed that the de-
grees of intimal inflammation, medial calcification and
medial atrophy have less importance for differentiating
TAO from thrombosis than from ASO, which indicates
that both presence and absence of these features are
common in both TAO and thromboembolism. Results of
analysis of specimens from patients suspected of having
TAO paralleled those of analysis of definite TAO speci-
mens when they were differentiated from specimens of
ASO or thromboembolism. Differentiation of the more
broadly defined clinically diagnosed TAO versus ASO
and clinically diagnosed TAO+CAO versus all others,
including autopsy controls, showed almost the same re-
sults as with the more strictly defined groups. Age-relat-
ed influences on the vascular morphology had no rele-
vance, as there were no significant differences between
specimens from younger and older patients in groups
1’–4’ (n=26, mean age 55.1 years vs n=27, mean age
65.9 years).

Logistic regression analysis regarding group 1’ versus
groups 3’+4’ indicated that edema beneath the external
elastic lamina and swelling of endothelial cells of the
vasa vasorum were most important as the basis for a di-
agnosis of TAO. Depending on only these two factors,
discrimination of group 1’ specimens from those in
groups 3’+4’ was possible with 97% accuracy.

When the above criteria were applied to all speci-
mens, a peculiar finding was noted in the bifurcation of
the infrapopliteal artery in an autopsy control obtained
from a 70-year-old man who had died of hepatocellular
carcinoma. In this patient heavy smoking was recorded,
but no gangrene and no history of thromboembolism. In
fact, morphology within the same site of the vessel (Fig.
2H) suggests that both latency of TAO and complica-
tions of progressive atherosclerosis may occur concomi-
tantly.

Discussion

This study shows that the clinical syndrome of TAO is as-
sociated with specific morphological changes of the affect-
ed vessels. Indeed, since the first description by Buerger it
has been questioned whether or not TAO exists. However,
no significant progress has been made in establishing the
specific morphology for this condition. Although the clini-
cal features of the syndrome have been established [9, 24,
25, 39, 40], pathological findings are generally believed
not to be very helpful for a differential diagnosis, at least in
the secondary and tertiary stages of TAO [1, 15, 23–25, 39,
40]. Even in its first stage, TAO has been reported to be
morphologically indistinguishable from ASO or thrombot-
ic disorders [15, 23, 30, 43, 44]. However, this opinion
contrasts with the lack of systematic clinical and histopath-
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Fig. 1A–H Photomicrographs of thromboangiitis obliterans (TAO:
A, C, E, G) and arteriosclerosis obliterans (ASO: B, D, F, H). A
Prominent adventitial fibrosis without medial fibrosis, abundant
vasa vasorum in the media and numerous recanalizing vessels
(REC) in the intima are visualized. Internal elastic lamina (IEL) is
preserved. No medial atrophy is seen (arrow). Elastica–van Gie-
son, ×40 B Obvious adventitial fibrosis with medial fibrosis (ar-
row) and a moderate quantity of vasa vasorum and REC are visu-
alized. Newly formed elastic lamina paralleling IEL (NEP) is
widely present on the lower side. Bend of IEL is not preserved.
Media is compressed and atrophic (arrow). Elastica–van Gieson,
×20 C Conspicuous newly formed elastic lamina around recanaliz-
ing vessels (NEA) (arrow) and obvious NEP are shown. Elasti-
ca–van Gieson, ×200 D Obvious NEP and abundant cholesterol
clefts (arrow) are shown. Elastica–van Gieson, ×200 E Numerous
onion-shaped REC with marked inflammation are widely notice-
able in the intima. Masson’s trichrome, ×200 F Single thin layer of
endothelium of REC with slight inflammation is present in the in-
tima. Masson’s trichrome, ×200 G Marked edema beneath the ex-
ternal elastic lamina (thin arrows) and swelling of endothelial
cells of vasa vasorum (thick arrow) in the media are observed. He-
matoxylin and eosin, ×200 H No edema beneath the external elas-
tic lamina (thin arrows) and no swelling of endothelial cells of
vasa vasorum (thick arrow) in the media are shown. Hematoxylin
and eosin, ×200

▲
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ological studies with the use of defined tissue samples and
analytical methods. As the recorded pathological diagnosis
has almost always paralleled the clinical diagnosis in rou-
tine work, pathologists seem to be influenced by the clini-
cal diagnosis [3]. This reflects the paucity of precise mor-
phological definition of what is called TAO [1, 15].

The most important differential diagnoses of TAO are
ASO and thromboembolism. This would exclude certain
other vascular diseases with possible arterial occlusion,
such as Takayasu’s arteritis, which affects the more prox-
imal elastic arteries with destruction of medial elastic fi-
bers; polyarteritis nodosa, generally manifested by fi-
brinoid necrosis in the vessel walls [27]; popliteal artery
entrapment syndrome, in which arteriography shows me-
dial deviation of popliteal arteries [19, 20], and PSS, Be-
çet’s disease and inflammatory vascular diseases accom-
panied by immunological abnormalities. Although there
may be some specimens with association of ASO with
thromboembolism in the thromboembolic group in our
data, it is difficult to draw a clear separation between
these two diseases, because generally thrombosis tends
to be superimposed on atherosclerosis [23].

Which features are reliably characteristic of TAO, and
which can be considered newly described by this review?
Here, we have confirmed that most of the classic morpho-
logical features described by Buerger and others tend to
be observed more in TAO than in the other diseases.
However, their obvious expression was often observed in
ASO and thromboembolism, except for the presence of
intact IEL. Thus, the presence of NEA, intimal inflamma-
tion, abundant vasa vasorum, adventitial inflammation
and fibrosis, and venous inflammation and thrombosis are
not always useful individually in the differential diagno-

sis. In addition, statistical evaluation demonstrated that
the presence of intimal inflammation, medial calcification
and medial atrophy were not significant in the differentia-
tion of TAO from thrombosis, although they were signifi-
cant in TAO versus ASO. This suggests that TAO and
thromboembolism are common insofar as thrombus and
inflammation occur in the inner circle of the lumen and
simultaneously without strongly oppressing the media, as
noted by McKusick et al. [27], while atherosclerosis oc-
curs and usually progresses asymmetrically from one side
of the lumen as influenced by blood flow [17]. Our most
striking finding was that the occurrence of onion-like-
shaped recanalizing vessels and of adventitial fibrosis
without medial fibrosis are virtually specific morphologi-
cal findings of TAO, although these features may be ob-
served in other diseases only to a slight degree. Because
of these findings, along with other features, especially the
presence of swelling of endothelial cells of the vasa vaso-
rum and prominent edema beneath the external elastic
lamina, pathologists can rely on the quite unique histo-
logical appearance of vessels affected by TAO [26].

Currently, owing to improvements in clinical treat-
ment, amputation of the affected limb may result almost
exclusively in the secondary and tertiary stages of TAO
[39]. This differs from the era of Buerger, when patients
sometimes chose amputation on account of pain, and not
of gangrene [7, 8]. We did not conclude whether multi-
nucleated giant cells within the occluded vascular lumen
are characteristic of TAO, but pathologists should take
care to differentiate these from other ambiguous giant
cells, for example in the degeneration of endothelial cells
or osteoclastic giant cells. However, although the patho-
logical presentation of TAO changes in its secondary and
tertiary stages, the difference between TAO and ASO or
thromboembolism is definable through the use of the
combination of some of the morphological features pre-
sented in this study. Depending on our morphological
criteria, both latency of TAO and the complication of
progressive atherosclerosis in the same site of the artery
can be diagnosed. Moreover, our statistical data on true
TAO cases were surprisingly similar to those that include
the broader clinical diagnosis of CAO (Table 3), suggest-
ing that TAO may be clinically underdiagnosed.

Concerning the etiology and pathogenesis of TAO, it
has been disputed whether the primary lesion is inflamma-
tion [8, 19, 35] or thrombosis [15, 23, 27, 45]. More re-
cent findings of an increased cellular immune response to
collagen types I and III, increased incidence of the HLA-
A9 and HLA-B5 antigens, and elevated anti-elastin titers
in TAO patients, however, point to an inflammatory and
immunological genesis of this smoking-related vascular
disorder [2, 5, 18, 28]. This concept of a primary inflam-
matory lesion is supported by our study. The findings of
onion-like-shaped recanalizing vessels caused by the ex-
cessive formation of vascular smooth muscle cells [A.
Kurata, unpublished data], swelling of endothelial cells
and chronic inflammation with marked edema beneath the
external elastic lamina indicate that minute vessels such as
recanalizing vessels and vasa vasorum are involved in the
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Fig. 2A–H Photomicrographs of TAO (A, E, F), old thrombosis
(B), cholesterol emboli (C), acute thrombosis (D), ASO (G) and
presumably overlapping between TAO and ASO in an autopsy
specimen (H). A Obvious adventitial fibrosis without medial fi-
brosis, marked edema beneath the external elastic lamina (thick
arrows) and venous thrombosis with inflammation (thin arrow)
are shown. Adventitial inflammation is obvious in the upper side.
IEL and media are preserved. Masson’s trichrome, ×40 B No ad-
ventitial fibrosis with slight medial fibrosis (thick arrow), no ede-
ma beneath the external elastic lamina and no venous thrombosis
or inflammation (thin arrow) are shown. IEL and media are pre-
served. Masson’s trichrome, ×200 C Vasa vasorum and REC are
scanty. Slight quantity of NEP is observed. IEL is slightly com-
pressed circularly. Media is preserved. Elastica–van Gieson, ×100
D Marked intimal inflammation with a single thin layer of endo-
thelium of REC is observed. Hematoxylin and eosin, ×200 E
Multinucleated giant cell (arrow) within micro-abscess of stenotic
vascular lumen is present. Hematoxylin and eosin, ×100 F Degen-
erated endothelial cells in vascular lumen resemble multinucleated
giant cells. Hematoxylin and eosin, ×400 G Calcification (thin ar-
rows) and ossification with formation of bone marrow (BM) of
media are found. Osteoclastic giant cell is present (thick arrow).
Hematoxylin and eosin, ×200 H In the right side of the artery,
NEA is prominent, IEL and media are preserved, and edema and
swelling of endothelial cells of vasa vasorum are observed (thin
arrow), suggesting TAO. In the left side of the artery NEP is
prominent, IEL is compressed and fragmented (thick arrow), me-
dia is partially thinned, and neither edema nor swelling of endo-
thelial cells of vasa vasorum is observed, suggesting atherosclero-
sis. Elastica–van Gieson, ×100

▲
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development of TAO. Thus, we support Majewski et al. in
their assertion that injury of the microcirculation may be
involved in the pathogenesis of TAO [26]. In addition,
Eichhorn et al. have recently reported that anti-endothelial
cell antibodies are related to TAO activity [12]. Arterial
thrombosis seems to be secondary, caused by ischemic
changes progressing from the vascular adventitia towards
the intima [35]. In our specimens, the finding of adventi-
tial fibrosis without medial fibrosis was noted exclusively
in TAO. Interestingly, it has been demonstrated that the
obstruction or elimination of adventitial vasa vasorum
brings about arterial luminal occlusion in experimental an-
imal models [4, 6, 31]. As the occlusion of vasa vasorum
is not believed to be relevant to atherogenesis [36], this
may rather have an important role in TAO. Whether oc-
clusion or vaso-spasm of vasa vasorum may actually oc-
cur or may be an initial event at the onset of TAO, howev-
er, is unclear and remains to be elucidated.
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