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Summary

A secondary dissecting aneurysm after arterial injury has been
reported as a complication of surgery. We encountered this phe-
nomenon in a patient with a meningioma of the sphenoid ridge.
Despite successful clipping of a small rupture in the anterior wall of
the proximal portion of the internal carotid artery, the patient
became drowsy 30 days after surgery and developed right hemipar-
esis followed by fatal bleeding from the internal carotid artery. His-
tological examination revealed a traumatic dissecting aneurysm
which had developed from the tear in the intima and extended into
the dural ring and the bifurcation of the carotid artery. The charac-
teristic clinical and histopathologic findings are shown. Methods
for early recognition and the possibility of immediate treatment are
briefly discussed.
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Introduction

Most fraumatic intracranial aneurysms occurring
after a head injury and surgical trauma to a cerebral
artery have been commonly reported to be saccular
aneurysms {3, 10, 21]. Nontraumatic dissecting aneu-
rysms of a cerebral artery rarely occur in young
patients with no previous significant clinical history
[6, 71, as they result from a number of aetiologic fac-
tors and pathological mechanism [8, 14, 15, 17, 19,
20]. Traumatic dissecting aneurysms of an intracrani-
al artery are unusual [1, 8, 13, 20]. Most reported cas-
es have been fatal, and almost all patients died within
1 week of the onset of symptoms. This statistic most
likely results from the difficulty of diagnosing dis-
secting aneurysms or cerebral dissection based on
angiographic findings alone. We discuss the case of a
patient with a massive intracerebral haemorrhage pre-
sumably induced by iatrogenic injury to emphasize
the rapid course of this phenomenon and the necessi-
ty of early recognition.

Case Material

A 56-year-old man was hospitalized in our institution with a 2-
month history of progressively deteriorating of visual acuity in his
left eye.

Examination

No abnormality was found during the physical examination. A
neurologic examination disclosed hemianopsia of the lower tempo-
ral quadrant without loss of central vision in the left eye. Examina-
tion of the optic fundi revealed neither papilloedema nor optic atro-_
phy. The oculomotor, abducens and trochlear nerves were intact.
Magnetic resonance imaging (MRI) revealed a large enhancing
tumour arising from the sphenoid ridge with attachment to the left
internal carotid artery, the optic nerve and the lateral wall of the
cavernous sinus (Fig. 1). Left internal carotid angiograms showed
superior displacement of the supraclinoid portion of the internal
carotid artery, with superior displacement of the proximal M1 seg-

Fig. 1. Gadolinium-enhanced MRI, coronal view, showing a sphe-
noid ridge meningioma extending to the cavernous sinus
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Fig. 2. Left internal carotid angiograms, anteroposterior (A) and
lateral (B) views, showing superior displacement of the internal
carotid artery and faint tumour stain (arrowheads). The tumour is
fed by the dural branches of the internal carotid artery

ment of the middle cercbral artery (Fig. 2 A, B). External carotid
angiograms revealed no vascular Blush from the dural branches of
the external carotid artery.

Operation

A left frontotemporal craniotomy was carried out, and a well-
circumscribed hard tumour extending into the anterior territory of
the middle cranial fossa was found originating from the inner sphe-
noid ridge. The tumour was contiguous with the proximal portion
of the internal carotid artery, the M1 segment of the middle cerebral
artery, and the optic nerve. The tumour was easily separated from
the lateral wall of the cavernous sinus, carotid artery and optic
nerve, and removed piecemeal. During dissection of the tumour
capsule from the internal carotid artery, unexpected vigorous
bleeding occurred from a 0.5 X 0.5 mm tear in the anterior wall of
the internal carotid artery. No aneurysmal wall or bulge was seen in
the artery. Compressive haemostasis was attempted several times
with small pieces of Bemsheet (Kawamoto Bandage Material Co.,
Ltd., Osaka, Japan) but could not be obtained. To control bleeding,
temporary Sugita clips were gently applied to the proximal internal
carotid artery, the proximal Al segment of the anterior cerebral
artery, and the proximal M1 segment of the middle cerebral artery.
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Fig. 3. An angiogram reveals narrowing of the internal carotid
artery at the site of the tear caused by a clip

With silk ligature it was attempted to close the hole, but it failed
because of the friable nature of the arterial wall, and the hole grew
larger. Three-quarters of the circumference of the artery then were
wrapped with larger pieces of Bemsheet. (Wrapping the entire
artery would have damaged important perforating vessels in the
ventral wall of the internal carotid artery). A right-angled Sugita
clip, with a fenestration 5 mm in diameter and blades 6 mm long,
was used to secure the Bemsheet, sparing the perforating arteries
and the internal carotid artery. The intention was to apply the fen-
estrated portion of the clip to compress the Bemsheet on the hole in
the vessel. The temporary clips were removed in less than 6 min-
utes. Inspection and palpation of the internal carotid artery indicat-
ed that its blood flow was functioning well. The tumour was com-
pletely removed along with its dural attachment and the roof and
lateral wall of the cavernous sinus were coagulated. Intra-operative
angiography was carried out to confirm the patency of the internal
carotid artery. This patency was sufficiently maintained through
the segmental narrowing of the carotid artery by the application of
a clip.

Postoperative Course

The patient’s postoperative course was uneventful. A left inter-
pal carotid angiogram taken 1 week after surgery showed the same
configuration of the supraclinoid internal carotid artery as at the
time of the intra-operative angiogram (Fig. 3). Follow-up comput-
ed tomogram (CT) showed low density of the surgical bed with res-
olution of the mass. Thirty days after surgery, the patient suddenly
developed hemiparesis on the right side and became lethargic. A
CT scan showed a large, low density lesion around the Sylvian fis-
sure. We believed this change resulted from cerebral infarction
associated with narrowing of the carotid artery, and anticoagulant
therapy for cerebral infarction was begun. The patient’s symptoms
showed some improvement. On the second day, he suddenly
became comatose and unresponsive to verbal stimuli and had fixed,
dilated pupils and decerebrate posture, followed in a few minutes
by irregular respiration. A CT scan demonstrated a haemorrhage in
the left Sylvian fissure and intracerebral haemorrhage involving the
left frontal lobe. The patient remained deeply comatose and died 6
days later.
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Fig. 4. (A) Gross dissection of the paraclinoid segment of the inter-
nal carotid artery. The darkened segment (small arrowheads) is
caused by the intramural haematoma. A clip-crush artifact (small
arrow) is seen in the adventitia distal to the hole (large arrow). The
cut end of the internal carotid artery is split (large arrowhead). A/
A1 segment of the anterior cerebral artery; M M1 segment of the
middle cerebral artery. (B) Schematic representation of the paracli-
noid segment of the internal carotid artery. The plane of dissection
is submedial

Pathologic Examination

An autopsy was performed, and pertinent observations were
limited to the paraclinoid portion of the left intracranial internal
carotid artery and the central nervous system. The brain was mark-
edly oedematous, with marked transtentorial herniation on the left
side and bilateral tonsillar herniation. Ischaemic infarction had
occurred within the distribution of the left middle cerebral artery. A
massive haemorrhage occurred on the orbital surface of the left
frontal lobe, and a moderate amount of blood remained in the left
Sylvian fissure and the basal cisterns. The anterior and middle cere-
bral arteries appeared normal. The tear in the vessel wall was sur-
rounded by Sugita’s fenestrated clip and Bemsheet measuring
7 X 7 mm at level 5 mm distal to the carotid dural ring of the inter-
nal carotid artery. The fatal bleeding did not result from the origi-
nal tear in the internal carotid artery during surgery. After the clip
and Bemsheet were removed, the media appeared through the hole
in the artery wall. A part of the wall opposite the tear was pinched
by the clip.

Fig. 5. Microscopic view of a transverse section of the proximal
portion of the left internal carotid artery. The tear (small arrow) is
seen in the internal elastic lamina in normal thickness. A marked
intimal thickening (small arrowheads) can be seen on the left side
of the true lumen (asterisk). The crescent of the dissecting aneu-
rysm is surrounded by one thick (large arrows) and one thin (large
arrowhead) layer of smooth muscle and the internal elastic lamina,
respectively (elastic V.G. stain X 40)

Fig. 6. Microscopic view of a transverse section of the distal por-
tion of the left internal carotid artery. The intima is compressed by
the media including the mass of blood, and the lumen has collapsed
(arrowheads) (elastic V.G. stain X 49

A length of the vessel 5 mm below and 3 mm above the hole
was firm and dark brown in a third of the circumference of the
artery, but the vessel was normal in size except for the portion held
by the clip. This discolouration appeared to continue to the tear and
to result from the accumulation of clot in the intramural lumen. The
dissection cleft of the wall was found at the cut end of this abnor-
mal segment (Fig. 4 A, B). The dissecting space, including the
thrombus, extended for a short distance from the tear toward both
the carotid dural ring and the bifurcation of the internal carotid
artery. The point of fatal bleeding, as evidenced by the subadventi-
tial haematoma, was just distal to the dural ring of the internal
carotid artery, indicating a slit in the adventitia.

Microscopic study of serial sections of the left internal carotid
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artery just proximal to the hole revealed a large crescent-shaped
lumen of the dissecting aneurysm, which had separated the media
from the internal elastica. The separation involved two-thirds of the
circumference of the vessel. A part of the intima was markedly
hypertrophic, with a calcified and cholesterin cleft, but its adventi-
tia and media were thin and atrophic. The internal elastica, without
hypertrophy of the intima, was interrupted on the opposite side,
where a thick layer of smooth muscle and a thin layer of adventitia
were present (Fig. 5). The lumen of the dissecting aneurysm gradu-
ally appeared on the surface of the more proximal sections. Near its
proximal end, the haematoma had focally penetrated the loose
media with adjacent rupture of the thinner adventitia. The section
Just distal to the hole revealed that the lumen of the dissecting aneu-
rysm was located between the internal elastica and the adventitia,
and was generally surrounded by a layer of smooth muscle and
filled with blood. The lumen of the vessel was completely occlud-
ed by folds, and a convoluted slit of the internal elastica on one side
was surrounded by an intramural thrombus. Portions of all the
layers were compressed by the clip, but the intima was intact
(Fig. 6). There was no evidence of an antecedent abnormality, such
as invasion by tumour cells, in the wall of the artery or adjacent to
the dissection. The finding of the neuropathologic examination was
a ruptured dissecting aneurysm without dilation of the paraclinoid
segment of the internal carotid artery.

Discussion

Yonas et al. [23] separated the clinical manifesta-
tions of dissecting aneurysms into two groups, which
correlate with the plane of dissection. In the first
group, blood is found between the internal elastica
and the media. This type can result from trauma and is
ascribed to a defect in the internal elastica. In the sec-
ond group, dissection occurs within the media or
adventitia and presumably results from rupture of the
vasa-vasorum.

When the tumour in our patient was dessected
from the internal carotid artery, no definite aneurys-
mal wall or discolouration was seen, but the bleeding
originated from a tear in this artery. This bleeding was
believed to result from injury to the arterial wall or
compression by the tumour. Otherwise, we thought
that a small feeding artery from the internal carotid
artery might have avulsed while the tumour capsule
was being dissected. This bleeding was controlled by
wrapping and a clip.

The cause of the fatal bleeding in our patient was
not apparent until histological sections of the
involved artery were examined. There had been no
hint of true, false or dissecting aneurysms of the inter-
nal carotid or middle cerebral arteries on either intra-
or postoperative angiograms. The autopsy revealed
that the dissecting cavity was caused by the luminal
extension of blood between the internal elastic lamina
and the smooth muscle, and had extended mainly to
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the dural ring of the internal carotid artery. However,
the intramural haematoma extended into the smooth
muscle toward the carotid bifurcation.

The destruction of the internal elastica and intima
was probably caused by the interruption of the carotid
artery during tumour removal, or by the shearing
stress on the arterial wall from applying the tempo-
rary clip. The disrupted site was found in the internal
elastica without atheromatous degenerative changes
and near the hole in the wall. The dissection resulted
presumably because the injury in the internal elastica
allowed blood from the lumen to force its way
between the elastica and the smooth muscle, and
especially because of the increased flow velocity in
the carotid, which was narrowed by the fenestrated
clip. The accumulating blood pushed the internal
elastica toward the vessel lumen, narrowing or
occluding the lumen. Perhaps the patient’s initial
hemiparesis was caused by the collapse of the lumen
when blood, entering the wall outside the internal
elastic lamina, longitudinally dissected the artery. The
adventitia and smooth muscle were markedly thin or
atrophic at the site of intimal hypertrophy or athero-
sclerosis in the proximal carotid artery, and the exter-
nal elastic membrane was absent. Thus, the restricted
blood flow advanced proximally in the dissecting
space and fatal bleeding originated through these
thinner outer layers of the vessel wall.

Many authors have reported the angiographic find-
ings of intracranial dissecting aneurysms, including
the string sign, irregular tapering or narrowing, occlu-
sion, a rosette,; an intimal flap, proximal and distal
dilation, a doulbe Iumen, retention of contrast medi-
um and intramural pooling [4, 12, 22]. Arteriography
performed 5 to 7 days after a penetrating head injury
seems to be the best method of demonstrating a trau-
matic aneurysm [3, 4, 6, 12, 22].

Diagnosing a dissecting aneurysm is not easy, even
with angiography. The difficulty arises in differentiat-
ing dissection from vasospasm and an atherosclerotic
lesion [12, 22]. In our patient, the dissecting aneu-
rysm was not seen on radiography. Except for slight
narrowing of the carotid artery, intra- and postoperative
carotid angiograms showed the same configuration of
the supraclinoid internal carotid artery as in the initial
angiogram. The luminal narrowing was construed as
contraction of the vessel from compression with cot-
ton and the fenestrated clip. In fact, the narrowing
occurred in the adventitia with the intact elastica of
the clip-crush artifact, as revealed in the microscopic
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section. An angiogram may not show the characteris-
tic findings of intracranial dissecting aneurysms
because either thrombus forms in the small lumen of
the lesion or the dissecting aneurysm may occur later
than 1 week after arterial injury. Cerebral arteriogra-
phy should be employed repeatedly once this diagno-
sis is ascertained.

Some authors advocate conservative and anticoag-
ulant therapy for patients with a cervical carotid dis-
secting aneurysm [5, 16, 18]. Anticoagulant therapy
used in this case, however, might have accelerated
bleeding because of the possibility of extending a pre-
existing dissection [2]. If all parts of the arterial wall
— the intima, elastica, media, and adventitia — could
have been repaired with a microvascular suture, per-
haps no blood would have flowed into the lumen of
the dissecting aneurysm through the tear. This proce-
dure would have protected against extension of the
dissection.

The possibility of a postoperative dissecting aneu-
rysm should be kept in mind if an arterial wall is dam-
aged or bleeding occurs during an operation. A dis-
secting aneurysm should be suspected in any patient
whose clinical condition deteriorates within 2 weeks
after trauma [10]. Evaluations using MRI and digital
subtraction angiography can detect a dissecting aneu-
rysm soon after surgery. If a dissecting aneurysm is
seen on these images, a surgical bypass of the aneu-
rysm should be carried out immediately.

We might also conjecture that re-establishing
blood flow, perhaps with an immediate external carot-
id-middle cerebral anastomosis followed by ligation
of the left internal carotid artery, might have halted
the rebleeding while maintaining perfusion of the
cerebrum. If the tumour infiltrates the cavernous
sinus, sella, clivus and the internal carotid artery, the
treatment outlined by Sekhar, et al. [11], should be
considered. This treatment entails reconstruction
using a saphenous vein graft to replace the internal
carotid artery. Covering the saphenous vein with an
artificial vascular graft might help prevent the pseu-
doaneurysm and aneurysmal dilatation and secure
patency of the graft [9]. The internal carotid artery,
when involved by tumour of the skull base, is a signif-
icant impediment to aggressive resection of this
lesion. We have to carefully work around the artery
and avoid injury to the vessel. If a small tumour rem-
nant cannot be resected, subsequent radiosurgery may
be considered.

The diagnosis of a dissecting aneurysm is often
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delayed or overlooked because the surgeon’s attention
is drawn toward the accompanying intracranial hae-
matoma [6]. Even if a postoperative angiogram does
not show true or false aneurysms, a dissecting aneu-
rysm should be considered in every patient whose
condition deteriorates a few weeks after the removal
of a tumour adhering to cerebral arteries or when ves-
sels are injured during surgery [10]. These lesions can
be recognized earlier using angiography more fre-
quently and by more sophisticated scanning.
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