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The distribution of proteoglycans in 21 temporal and two ulnar artery pseudoaneurysms was studied
immunohistochemically. A history of trauma was elicited in six cases, and 16 of the lesions were pulsatile. The
clinical diagnosis was aneurysm or cyst in 18 patients, possible arteritis in two patients, tumor in one patient,
and unknown in the remaining patient. Histologically, there was a prominent myxoid neointimal response in the
walls of each interrupted artery. The remnant arterial segment was often inconspicuous. Prominent smooth
muscle cell proliferation and granulation tissue response with inflammation led to misdiagnosis of tumor or
vasculitis, respectively, in 11 cases. Immunohistochemical staining for proteoglycans demonstrated abundant,
diffuse versican in interrupted wall segments. Biglycan was confined to collagenized and vascularized areas. In
some portions of medial disruption, in which angiogenesis was prominent, decorin was expressed within
endothelial cells of neocapillaries. These findings demonstrate that superficial pseudoaneurysms may be
mistaken clinically and pathologically for unrelated entities. The immunohistochemical studies confirm that
versican is upregulated in areas of tensile stress. In addition, the presence of endothelial expression of decorin
supports the concept of decorin’s involvement in angiogenesis.
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Pseudoaneurysms are a potential complication of
arterial injury, especially trauma. Peripheral vessels
such as the superficial temporal artery are particu-
larly vulnerable to pseudoaneurysm formation be-
cause these vessels lack protection from the
surrounding soft tissues. Vessel wall disruption
results in a hematoma that organizes, encasing the
damaged portion of the artery. With continued
organization, blood flow through the artery may
eventually return.1 Although computed tomography
(CT) and angiography can be helpful in the
diagnosis of pseudoaneurysms, superficial aneur-
ysms are typically removed by simple surgical
excision without an extensive preoperative evalua-
tion.1–11

The pulsatile characteristics pointing to the
diagnosis may be minimal or absent.12 However,

the vascular repair process in areas of increased
tensile strength gives rise to the unique histologic
features of pseudoaneurysms. Specifically, proteo-
glycans are known to accumulate in the regions of
vascular lesions that are characterized by smooth
muscle cell proliferation and migration.13–15 In
addition, proteoglycan concentration varies with
mechanical load,16 and synthesis of versican is
increased when arterial smooth muscle cells are
subjected to mechanical strain.17

The purpose of this study is two-fold. First, we are
presenting the clinicopathologic features of a series
of these lesions, because the histologic features are
not often appreciated by practicing pathologists. On
a more basic level, our other aim is to determine the
distribution of proteoglycans within pseudoaneur-
ysms in order to better understand the role of
proteoglycans in the arterial repair.

Materials and methods

In all, 21 superficial temporal artery and two ulnar
artery pseudoaneurysms were collected consecutively
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in consultation. Lesions were included if there was
a mass lesion involving a peripheral muscular artery
with discrete disruption of the media and internal
elastic lamina, and associated chronic thrombus
formation. Cases were excluded if remnant arteries
showed histopathologic changes of inflammation or
medial disease. The clinical history was reviewed
from the pathology record for each case, specifically
noting any history of associated trauma and pre-
senting symptoms.

Elastic stains (Movat pentachrome) were per-
formed at the time of initial consultation. Nine
cases were selected retrospectively for immunohis-
tochemical stains for proteoglycans (versican, bigly-
can, and decorin),18 and an additional seven for
smooth muscle actin, calponin, smoothelin, and
Ki-67. Before staining with proteoglycan antibodies,
the sections were digested with chondroitin ABC
lyase (ICN Biomedicals, Costa Mesa, CA, USA) at
250mU/ml in 0.1mol/l Tris/acetate, pH 7.3, for 1h
at 371C. Rabbit polyclonal antisera for the core
proteins (aminoterminal peptides) of human bigly-
can (LF-51) and decorin (LF-136) were generously
provided by Larry Fisher of the Craniofacial and
Skeletal Disease Branch (National Institutes of
Health, Bethesda, MD, USA). LF-51 was used at a
1:500 dilution. Rabbit antibody specific for the poly-
E region of human versican, VC-E, was kindly
provided by Richard LeBaron (University of Texas
at San Antonio, San Antonio, TX, USA) and was
used at a 1:500 dilution. Control sections were
incubated with the proper dilution of normal serum
or IgG to match the conditions or isotype of the
specific antibodies. Smooth muscle maturation

markers included calponin (Dako, Carpinteria, CA,
USA, 1:200 dilution), actin (muscle-a-actin 1A4,
Sigma, St Louis, MO, USA, dilution 1:4000), and
smoothelin (Monosan, Uden, The Netherlands, 1:10
dilution). To identify proliferating cells, tissue
sections were stained with the monoclonal MIB-1
antibody (Ki-67, ImmunoTech, Westbrook, ME,
USA, 1:500 dilution). Positive control tissue con-
sisted of normal human tonsil for Ki-67 and pig
coronary arteries for smooth muscle markers; nega-
tive controls consisted of omission of the primary
antibody. Immunostaining against Ki-67 nuclear
antigen in paraffin sections was optimized by
antigen retrieval. All reactions were visualized after
incubating the sections with 1:500 dilution of
streptavidin conjugated to horseradish peroxidase
for 10min after incubation in a matched secondary
antibody. The color was developed with diamino-
benzidine and contrast enhanced with NiCl2 (black
reaction product); the sections were counterstained
with methylgreen. Percent Ki-67 positivity was
determined by histomorphometry.

Results

Patient Characteristics

The patient information is given in Table 1. There
were 18 male and five female patients. The mean age
was 35 years, 719 years s.d. There was a history of
prior trauma in six cases (three within 1 week, one
after 1 day, one 2 years prior, and one had a history
of frequent fistfights). In a seventh patient, there was
a scar in the region of the aneurysm, but the patient

Table 1

Case no. Side Age (years) Sex Pulsatile Clinical diagnosis Initial pathologic diagnosis

1 Righta 15 M Pulsatile Aneurysm Other/unknown
2 Righta 38 M Pulsatile Aneurysm Benign tumor
3 Left 6 M Nonpulsatile Tumor Sarcoma
4 Right 15 M Pulsatile Aneurysm Arteritis
5 Bilateralb 16 M Pulsatile Aneurysm Other/unknown
6 Not stated 18 M Nonpulsatile Cyst Benign tumor
7 Left 19 M Pulsatile Cyst Organized thrombus
8 Left 20 M Nonpulsatile Cyst Organized thrombus
9 Right 21 M Pulsatile Pseudoaneurysm Arteriovenous hemangioma

10 Left 22 M Nonpulsatile Cyst Pseudoaneurysm
11 Right 29 M Pulsatile Aneurysm Benign tumor
12 Left 29 M Pulsatile Aneurysm Inflammatory aneurysm
13 Bilateral 33 M Pulsatile Aneurysm Pseudoaneurysm
14 Left 36 M Nonpulsatile Cyst Benign tumor
15 Bilateral 37 M Pulsatile Aneurysm Organized thrombus
16 Left 40 M Pulsatile Aneurysm Arteritis
17 Left 46 F Pulsatile Aneurysm Other/unknown
18 Left 47 F Nonpulsatile R/o arteritis Pseudoaneurysm
19 Left 56 M Pulsatile Unknown Arteritis
20 Right 61 F Pulsatile Aneurysm Arteritis
21 Right 62 M Pulsatile Cyst Arteritis
22 Left 65 F Nonpulsatile R/o arteritis Other/unknown
23 Left 76 F Pulsatile Aneurysm Benign tumor

a
Ulnar artery; the remainder are temporal.

b
Contralateral aneurysm excised 3 years prior.
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denied knowledge of its cause. The duration of the
lesion was, per patient history, o1 week in six
cases, 1 week to 2 months in four cases, more than 2
months in eight cases, and unknown in five cases. In
16 cases, the mass was pulsatile; a clinical diagnosis
of aneurysm was suspected in the majority of these
patients. Three patients had bilateral lesions, two at
the time of presentation, and one excised 3 years
prior. Imaging studies including CTwere performed
in three patients, and demonstrated localized vas-
cular lesions with normal brain and skull. In one,
the CT scan showed a bony ‘divot’ underlying the
lesion. There was no history of connective tissue
disease in any patient, although one was described
as ‘marfanoid,’ and in one the clinical diagnosis of
Ehlers–Danlos syndrome was considered, but ex-
cluded by biochemical testing. In all patients, the
simple excision was curative.

Pathologic Findings

The initial histopathologic impression was arteritis
in six cases, pseudoaneurysm in three cases,
organized hematoma or thrombus in three, benign
neoplasm or arteriovenous hemangioma in six,
sarcoma in one, and not stated in the remaining
four. Histologically, the lesion was composed of
organizing thrombus at the center of the lesion
(Figure 1a), a remnant portion of media with abrupt
borders (Figure 1b), and granulation tissue with
abundant capillaries near the defect (Figure 1c),
which was rich in proteoglycans (Figure 1d).
Papillary endothelial hyperplasia was present in
four, and prominent in the one case with a history of
trauma the day before excision. Mitotic figures were
present in the neovascular areas in 12 cases. In 16
cases, the remnant vessel with the interrupted
media was identified initially; in seven, the remnant
artery was seen only with recuts of the block. There
were ‘skip areas’ separating breaks in the internal
elastic lamina in seven cases; in 16, only one
discrete interruption was identified. Two of the
cases with skip areas had a history of trauma. The
media remnant was unremarkable in every case
except for the interrupted edge or edges. ‘Epithe-
lioid’ or ‘histiocytoid’ change in the endothelial
cells was present to some degree in all cases, but
marked in four (Figure 2a and b). Eosinophils were
present in five cases, including the four with marked
epithelioid change (Figure 2a). There was no
difference in the histologic findings (remnant artery,
degree of epithelioid change, presence of eosino-
phils, degree of myxoid change) between cases with
known history of trauma and those without.

Immunohistochemical Findings

Smooth muscle actin was present in all cases in the
spindle cell area, and factor VIII-related antigen-
decorated endothelial cells surrounding the orga-

nized thrombus and in areas of epithelioid change.
Decorin immunostaining was confined to microvas-
cular CD31-positive endothelial cells frequently
found in abundance at the base of the pseudoaneur-
ysm and in areas of epithelioid endothelial cells
(Figure 2c). Decorin was expressed in small neo-
vessels in clusters of granulation tissue (Figure 3a),
at the luminal surface (Figure 3b) and colocalized
with factor VIII-related antigen expression (Figure
3c). Decorin occasionally was found in neovessels
near the interrupted area of the internal elastic
lamina (Figure 4a–d). Versican was found in all
areas of the pseudoaneurysm wall, in a diffuse
staining pattern (Figure 5). Biglycan staining was
localized preferentially to outer areas of the orga-
nized pseudoaneurysm wall, in the areas of collagen
deposition (Figure 6). Spindle cells in the proteo-
glycan matrix underlying the thrombus were
strongly positive for smooth muscle actin in all
cases. A subset of these cells expressed calponin
(Figure 7a). Ki-67 staining demonstrated numerous
positive cells in the smooth muscle cell prolifera-
tion, most numerous in the cases with a recent
history of trauma. The mean% proliferative index by
Ki-67 staining was 1774% in the most acute cases
(o1 week duration), 1471.3% in the subacute cases
(1 week–2 months), and 473% in the chronic cases
(42 months). The difference between o2 and 42
months was significant (P¼ 0.02). These proliferat-
ing cells, which were smooth muscle actin positive
as determined by examining serial cuts, were most
numerous in the center of the proteoglycan-rich

Figure 1 Arterial pseudoaneurysm (Case 6). (a) On low magnifi-
cation stained by hematoxylin–eosin, there is a circumscribed
mass with central organizing thrombus. (b) A higher magnifica-
tion of the edge of the lesion at a different level stained for elastic
(Movat pentachrome) demonstrates the remnant media. In this
case, the remnant was difficult to identify, and multiple levels
through the block were needed. (c) At the edge of the lesion there
is marked neovascularity. (d) ‘Epithelioid’ endothelial cells are
often present (Movat pentachrome). The patient was an 18-year-
old man with a ‘sebaceous cyst’ on his temple for 1–2 months.
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region towards the lumen, where the cells were
relatively rounded (Figure 7b). Calponin-positive
smooth muscle cells were present in every case, but
in areas surrounding the proliferating zone, where
the smooth muscle cells acquired a more spindled
configuration (Figure 7a).

Discussion

Superficial arterial pseudoaneurysms are most fre-
quent in the face, in the temporal artery or its
branches. The anatomic basis for this predilection is

related to underlying bony structures and relative
lack of soft-tissue support.1 It is unknown whether
there is an underlying predilection for vascular
weakness in patients with pseudoaneurysms. The
current study did not support an inherent vasculo-
pathy, as patients with pseudoaneurysms did not
have other vascular diseases, and the morphologic
appearance of the uninvolved medial remnant was
normal. The curious finding of bilaterality in three
of 20 temporal aneurysms (15% of cases) may be
secondary to a predisposition to facial trauma,

Figure 2 Epithelioid areas, arterial pseudoaneurysms. (a) A
sprinkling of eosinophils was not uncommon in epithelioid areas
(Case 5). (b) Epithelioid endothelial cells with a rounded to
spindled shape (Case 4). (c) Epithelioid cells focally express
decorin (Case 18).

Figure 3 Decorin staining (Case 3). There was a predilection for
decorin in areas of neovascularity. (a) Low magnification of
granulation tissue area. (b) Near the surface, decorin decorated
surface endothelial cells. (c) Endothelial cells express factor VIII-
related antigen.
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rather than a congenital or acquired weakness of the
temporal arteries.

The unique histologic feature of arterial pseudo-
aneurysms is the intense deposition of proteogly-

cans in the pseudoaneurysm wall, with marked
accumulation of endothelial and smooth muscle
cells. This reaction is likely related to the tissue
forces caused by the arterial pressures adjacent to
the pseudoaneurysm wall. It is interesting that in
the single case of known trauma within 2 days, a
pseudoaneurysm wall had formed completely

Figure 4 Decorin staining (Case 3). (a) A Movat pentachrome
stain shows an interruption of the internal elastic lamina with
angiogenesis. ((b)–(d)) There is variable expression of decorin in
the endothelial cells of the neovessels.

Figure 5 Arterial pseudoaneurysm (Case 5). (a) In this example,
the remnant artery with the rupture site was easily identified by
elastic stain (Movat pentachrome). (b) Versican demonstrated
diffuse staining throughout the myxoid area. The patient was a
16-year-old boy with a protruding temporal mass; he had a history
of a similar contralateral lesion.

Figure 6 Arterial pseudoaneurysm (Case 23). (a) The lesion at low
magnification demonstrates, in this case, a preserved lumen (L)
with proteoglycan-rich intimal area. (b) Biglycan shows diffuse
peripheral staining. (c) Movat pentachrome shows central area of
fibrosis (yellow stain). (d) Similar area of (c) shows biglycan
staining in the area of collagen.

Figure 7 Smooth muscle cell phenotypes. The calponin-positive
cells (a) showed elongated cell borders (cytoplasmic stain) and
nuclei. The nuclear staining of the proliferating cells with Ki-67
(b) showed more rounded nuclei.
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around the arterial tear, had the highest Ki-67 count,
and was composed primarily of endothelial cells,
indicating the rapidity of the granulation tissue
response. The degree of proteoglycan deposition is
far greater than seen in soft-tissue hematomas that
form outside the vessel wall. For this reason, the
pseudoaneurysm wall is often misinterpreted as a
soft-tissue tumor. Alternatively, the inflammation
present with the granulation tissue response, to-
gether with the exuberant Ki-67-positive smooth
muscle cells, may be interpreted as an inflammatory
process. In either case, the patient may be unneces-
sarily evaluated for a neoplasm or vasculitic syn-
drome. It is imperative that the medial remnant be
carefully sought and identified, in order that the
appropriate diagnosis is rendered. There is no
evidence in patients with excised pseudoaneurysms
that anything beyond simple excision is needed.

In the majority of cases examined in the current
study, only one rupture site was identified. How-
ever, in seven of 23 cases, there were multiple areas
of rupture, indicating that the mechanism of medial
tear may have been due to compression of the vessel
with radial forces causing disruption at multiple
sites, instead of penetrating injury caused by a sharp
object. This type of injury may explain the lack of a
history of trauma in many cases, as blunt trauma
may not have resulted in skin lacerations remem-
bered by the patient.

The current study demonstrates a characteristic
distribution of proteoglycans within arterial pseu-
doaneurysms. The large amount of proteoglycans in
the granulation tissue response of pseudoaneurysms
is likely related to the arterial pressures. Versican is
the predominant aggregating proteoglycan (eg, hya-
luronan-binding) found in the vasculature.19 In the
pseudoaneurysms, versican was found in all areas of
the granulation tissue response, especially in areas
of apparent smooth muscle cell proliferation and
migration. In vitro studies show that the pericellular
accumulation of versican is required for smooth
muscle cell proliferation and migration.20,21 Changes
in proteoglycan synthesis in response to mechanical
strain suggest a structural function in matrix hydra-
tion in response to arterial pressures. The nonag-
gregating proteoglycans, biglycan and decorin, were
more selectively found in areas of collagen and
endothelial cell proliferation, respectively. In gen-
eral, the smaller nonaggregating proteoglycans play
a limited role in withstanding compression, and
interact with other matrix components and contri-
bute to mechanical stability through interaction with
collagen. The specific role of nonaggregating proteo-
glycans in the formation of the pseudoaneurysm
wall is unclear, but appears related to collagen
deposition and neovascular response.

The presence of decorin-positive microvessels in
the areas of the pseudoaneurysms agrees with earlier
studies and raises the possibility that decorin is
involved in new vessel formation.22 Recent studies
show that decorin is required for angiogenesis

in vitro.23 Furthermore, decorin synthesis is upre-
gulated when endothelial cells sprout and form
tubes in vitro.24 Such studies indicate that specific
proteoglycans may regulate specific events that
contribute to pseudoaneurysmal disease.

In conclusion, arterial pseudoaneurysms are re-
active lesions involving smooth muscle cell prolif-
eration, neovascularity, and marked accumulation of
proteoglycans, features that are helpful diagnosti-
cally. The distribution of proteoglycans reflected
different responses to the vessel injury: versican
expression is likely related to tensile stress in the
weakened artery, decorin expression is related to
neovascularity, and biglycan is expressed in areas of
collagen deposition.
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