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Abstract

A 76-year-old man presented with a traumatic aneurysm of the left internal carotid artery which caused
repeated subarachnoid hemorrhages within 20 hours of a fall from a height. Early computed
tomography (CT) detected no brain abnormalities, but repeat CT found subarachnoid hemorrhage. In-
ternal carotid angiography detected a pseudoaneurysm, which was not treated because of his poor clini-
cal condition. He died of multiple organ failure. Early detection of a traumatic intracranial aneurysm is
important for the prevention of aneurysmal rupture, or ``delayed'' apoplexy. Review of 171 cases with
traumatic aneurysms from the literature found that false negative angiography occurred only in three
cases on post-trauma day 7 and thereafter. Early diagnostic angiography within a week of the initial
trauma is indicated if traumatic aneurysm is suspected to detect early signs of irregularity, spasm, and
narrowing of the arterial wall. Repeat angiography is indicated if aneurysmal formation is still highly
suspected in spite of negative initial angiography.
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Introduction

The diagnosis of acute head trauma is now usually
based on computed tomography (CT), and less
frequently on cerebral angiography,52,55) so that trau-
matic vascular lesions, including traumatic
aneurysms and arteriovenous fistulas, may be over-
looked. Traumatic intracranial aneurysm is a well-
known cause of ``delayed'' apoplexy in patients with
severe head trauma. Detection of such aneurysms is
important because of the association with sig-
nificant morbidity and mortality, and the aneurysm
is essentially treatable if detected before becoming
symptomatic. Detection of a traumatic intracranial
aneurysm still depends on catheter cerebral an-
giography, but the optimal timing for the an-
giography is not yet elucidated. We present a case of
traumatic intracranial aneurysm, which bled repeat-
edly in the early post-traumatic period, and discuss
the optimal timing for diagnostic angiography to de-

tect such an aneurysm.

Case Presentation

A 76-year-old man attempted suicide by jumping
from the top of a three-story building and was imme-
diately transferred to our hospital. The Glasgow
Coma Scale score on admission was 9. Profuse oro-
nasal bleeding required immediate nasal packing
and extensive facial laceration was treated by prima-
ry closure. His right upper and lower extremities
showed marked swelling due to subcutaneous and
intramuscular hemorrhage.

Initial CT of the brain showed only multiple skull
base and facial bone fractures (Fig. 1A), but repeat
CT performed 5 hours after the trauma showed thick
subarachnoid hemorrhage in the left basal cistern
(Fig. 1B). Follow-up CT at 15 hours after the trauma
showed increased subarachnoid hemorrhage in the
basal cistern (Fig. 1C). Continued oro-nasal bleeding
refractory to nasal packing prompted endovascular
treatment 18 hours after the trauma. Bilateral exter-
nal carotid angiography showed marked vasocon-
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Fig. 1 Computed tomography (CT) scans performed immediately (A), 5 hours (B), and 15 hours after
the trauma (C). The initial CT scan of the brain shows no abnormalities, but subsequent CT
scans show increasing subarachnoid hemorrhage in the basal cistern. Digital subtraction
angiogram, anteroposterior view, of the left internal carotid artery performed 18 hours after
the trauma (D) showing a normal left middle cerebral artery and a traumatic aneurysm locat-
ed immediately proximal to the origin of the ophthalmic artery. CT scan performed after an-
giography (20 hours after the trauma) (E) showing further increase of the subarachnoid
hemorrhage in the basal cistern, suggesting rerupture of the traumatic aneurysm.
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striction due to hypovolemic hypotension, but no ac-
tive bleeding was seen. Transarterial embolization
in the external carotid system using polyvinyl alco-
hol particles and platinum coils was performed
bilaterally. Left internal carotid angiography
showed a normal left middle cerebral artery and an
aneurysmal dilatation in the C3 portion proximal to
the ophthalmic artery (Fig. 1D). We thought that this
aneurysmal dilatation was a pseudoaneurysm be-
cause of its vicinity to the skull base fracture and
relatively rare location for the cerebral aneurysm.
This pseudoaneurysm was left untreated due to the
patient's poor medical condition. We thought that
the oro-nasal bleeding did not originate at the
aneurysm because bleeding had been continuous
since admission and was not so profuse as bleeding
from the laceration of the internal carotid artery.

However, we considered that rupture of the
aneurysm had caused the subarachnoid hemorrhage
through a dural laceration despite the C3 location of
the aneurysm. Oro-nasal bleeding was well con-
trolled by embolization, but post-intervention CT at
20 hours after the trauma showed a further increase
of the subarachnoid hemorrhage in the basal cistern,
indicating rerupture of the aneurysm (Fig. 1E). The
condition of the patient deteriorated without evi-
dence of further rebleeding from the aneurysm on
CT, and he died on post-trauma day 11 due to multi-
ple organ failure. Autopsy was not performed.

Discussion

Traumatic aneurysms can be histologically classi-
fied as true, false, dissecting, or mixed based on the
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Fig. 2 Age distribution of patients with traumatic
intracranial aneurysms.

Fig. 3 Time interval from the trauma to the
angiographic demonstration of traumatic
intracranial aneurysm and/or rupture of the
aneurysm. Closed bar indicates non-
visualization of the aneurysm (false nega-
tive angiography). Stippled bar indicates an-
giographic visualization of the aneurysm
and/or rupture of the aneurysm. Open bar
indicates disappearance of the aneurysm
detected by the initial angiography.
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damaged structures of the vascular wall. The adven-
titia is preserved in a true aneurysm. All wall struc-
tures are involved in a false aneurysm. Hemorrhage
extends within the wall in a dissecting aneurysm.
Coexistence of these types occurs in a mixed
aneurysm.

Review of 171 cases reported after 1960, describ-
ing the interval from trauma to angiographic
demonstration of an aneurysm and/or aneurysmal
rupture, found 33 females (19.3%) and 138 males
(80.7%), aged from 6 weeks to 76 years (mean 30.1
years). The age distribution is shown in Fig. 2. Direct
injury occurred in 115 cases (67.3%), including 30
penetrating injuries and 16 iatrogenic injuries,
whereas indirect injury occurred in 55 cases
(32.2%). Epistaxis occurred in 25 cases (14.6%), in-
tracranial hemorrhage in 82 cases (48.0%), and mass
effect in eight cases (4.7%). Concomitant traumatic
arteriovenous fistula was observed in 12 cases,
among which carotid-cavernous sinus fistula was
observed in 10 cases.3,7,21,27,35,38,42,53,57,76,81) Overall
mortality was 18.1%.

The traumatic aneurysms were located in the
intradural portion (mostly the supraclinoid por-
tion) of the internal carotid artery in 24
cases,7,20,24,34,38,47,51,55,59,65,71,76,78,81,84–86) in the caver-
nous portion of the internal carotid artery in 35
cases,4,7,8,10,23,26,27,33,42,44,49,57,58,61,62,64,70,71,76,78,81,82,84,85) in
the petrous portion of the internal carotid artery in
four cases,7,11,78) on the ophthalmic artery in two
cases,1,60) on the proximal anterior cerebral artery
in five cases,3,31,35,46,53) on the distal anterior cerebral
artery in 43 cases,1–3,5,7,19,21–23,30,32,34,40,41,43,48,50,52,62,66,69,

72,74,79–81,85) on the anterior communicating artery in
one case,13) on the anterior choroidal artery in one
case,15) on the proximal middle cerebral artery in
three cases,14,16,28) on the distal middle cerebral
artery in 32 cases,1,2,7,8,18,22,23,25,34–37,55,61–63,68,73,75,80) on
the posterior cerebral artery in two cases,9,35) on the
vertebral artery in one case,56) on the basilar artery
in two cases,6,35) on the superior cerebellar arteries
in two cases,12,21) on the posterior inferior cerebellar
artery in six cases,45,67,77,83) and on the middle menin-
geal artery in 11 cases.29,35,39,50,54,55,61)

The timing of angiographic demonstration of the
aneurysm and/or aneurysmal rupture is shown in
Fig. 3. Catheter angiography demonstrated a trau-
matic aneurysm on the day of trauma (day 0) in 20
cases,1,6,7,15,16,20–22,24,27,55,61,67,79) and as late as several
years after trauma in six cases.8,12,14,76) False negative
angiography occurred on day 0 in 17 cases,7,22–

24,32,36,43,59,62,67,69,75,80,84,85) on day 1 in two cases,71,74) on
day 2 in one case,1) on day 3 in one case,81) on day
4 in two cases,3,28) on day 7 in one case,11) on day
10 in one case,37) and on day 80 in one case.33)

Spontaneous cure (disappearance) of the traumatic
aneurysm, which had been demonstrated previous-
ly, occurred in nine cases between day 12 and 7
years from the trauma.7,25,48,50,61,63,80,85)

The angiographic features of traumatic intracrani-
al aneurysm are delayed filling and emptying of the
aneurysmal sac, irregular contour of the sac, ab-
sence of a clear neck, and an ostium not located at
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the common arterial branching points.5,7,55) False
negative angiography on the first few days after
trauma may indicate irregular arterial wall, spasm,
and/or narrowing of the artery as early angiographic
signs suggestive of subsequent aneurysmal forma-
tion.24,71,75,84) Therefore, careful observation of these
early signs is important if angiography fails to
demonstrate an aneurysm in the early stage, and
repeat angiography to detect aneurysmal formation
is necessary. False negative angiography may also
result from vasospasm due to subarachnoid hemor-
rhage, compression of the aneurysm by a surround-
ing hematoma, and thrombotic occlusion of the
aneurysm.7,52,61)

Traumatic intracranial aneurysm is associated
with high morbidity and mortality, so early detec-
tion and treatment are important. Traumatic
aneurysm should be suspected if fracture of the
sphenoid sinus and/or carotid canal is observed, es-
pecially accompanied by epistaxis; if delayed
subarachnoid hemorrhage, unexplained neurologi-
cal deterioration, or progressive cranial nerve
paresis is observed; if a juxtafalcine hematoma is
observed; or if the trauma is a penetrating injury,
especially resulting from a stab wound or gunshot
wound.8,35,52,81) Bleeding from traumatic aneurysm,
called ``delayed'' apoplexy, has long been believed to
occur about 2–3 weeks after the trauma. Routine an-
giography has been recommended at the beginning
of the second week in all patients with suspected
transcranial stab wounds.37) However, our review
shows that bleeding can occur as early as within a
few days, but occasionally after several months or
years (Fig. 3). Therefore, determination of the opti-
mal timing of diagnostic cerebral angiography for
detection of traumatic aneurysms in the early and
delayed stages is difficult. Early (not delayed) diag-
nostic angiography was advised in low-velocity pen-
etrating wounds to the brain,17) and acute-phase
angiography detected traumatic aneurysms within
48 hours of injury in five of 12 patients with gun-
shot wounds.35) No false negative angiography was
reported except for three cases with angiography
performed later than day 7.11,33,37)

The pathological process in the traumatized ar-
terial wall may begin to develop immediately follow-
ing the trauma. As shown in our case, traumatic
aneurysm may be formed and bleed in the early
stage. Such an occurrence is a diagnostic and ther-
apeutic challenge because extremely early detection
and immediate treatment may be required to prevent
possible fatal bleeding. Failure to demonstrate an
aneurysm on the initial angiography in the acute
stage does not exclude the presence of a traumatic
aneurysm. We recommend early diagnostic an-

giography within a week following stabilization
from the initial traumatic insult, especially to detect
the early signs of wall irregularity, narrowing, and
spasm of the intracranial vasculature, and repeat an-
giography if aneurysmal formation is still highly sus-
pected despite negative initial angiography.
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