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Abstract

Ruptured cerebral aneurysms that occur in the anterior wall of the internal carotid artery (ICA) are
known as blood blister-like aneurysms (BBAs); they have been reported to account for 0.3% to 1% of
all ruptured ICA aneurysms. In this report, we describe the treatment of an unusual traumatic BBA
(tBBA) with high-flow bypass using a radial artery graft, which resulted in a favorable outcome. A 59-
year-old female suffered from an acute epidural hematoma, traumatic subarachnoid hemorrhage, and
traumatic carotid-cavernous sinus fistula (tCCF) after being involved in a motor vehicle accident. Her
angiography results showed tCCF and a tBBA on the anterior wall of the right ICA. On the fourth day
after injury, we found rebleeding from the tBBA and performed an emergency high-flow bypass using
a radial artery graft with lesion trapping as a curative procedure for the tCCF and tBBA. Postopera-
tively, right abducens nerve palsy appeared, but no other neurological symptoms were noted; the pa-
tient was thereafter transferred to a rehabilitation hospital 49 days after injury. Traumatic ICA aneu-
rysms commonly occur close to the anterior clinoid process, form within 1 to 2 weeks of injury, and
often rupture around 2 weeks after trauma. This case was considered rare as the ICA was likely in-
jured and bleeding at the time of injury, resulting in a form of tBBA; this allowed early detection and
appropriate treatment that resulted in a good outcome.

Keywords: traumatic brain injury, intracranial aneurysm, carotid artery injuries, rupture, extracranial-intracranial arterial bypass

Introduction

Ruptured cerebral aneurysms that occur in the anterior
wall of the internal carotid artery (ICA) are known as
blood blister-like aneurysms (BBAs); they have been re-
ported to account for 0.3% to 1% of all endogenous rup-
tured ICA aneurysms."” BBAs are often difficult to treat be-
cause of their small diameter, very wide necks, and fragile
arterial walls from arterial dissection; also, they are known
to recur and re-rupture as a result of inadequate treat-
ment.” To date, only one case of ruptured traumatic BBA
(tBBA) has been reported, that is, in a child.” Here, we re-
port the first adult case of a ruptured tBBA with traumatic
carotid-cavernous fistula (tCCF), which was treated with
high-flow bypass with lesion trapping.

Case Report

A 59-year-old woman was transported to another emer-
gency center after being hit by a motorcycle while walking.
She presented with disturbance of consciousness (Glasgow
Coma Scale score: EIVIM4) and hemorrhagic shock. As
per her whole-body computed tomography (CT) scan, a
right acute epidural hematoma, subarachnoid hemorrhage
(SAH) confined to the suprasellar region (Fig. 1A), skull
base and posterior clinoid process fractures (Fig. 1C), pel-
vic fracture, and right femoral neck fracture were noted.
Due to severe bleeding from her pelvic fracture, the patient
was intubated and managed with transcatheter arterial
embolization. At the same time, digital subtraction angiog-
raphy (DSA) of the right common carotid artery was per-
formed, which indicated a right tCCF and a tBBA located
on the anterior wall of the right supraclinoid ICA. The pa-
tient was thereafter transferred to our hospital for more
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Fig. 1 Axial view of computed tomography at the time of hospital arrival (A) and at the time of rebleeding (B) shows a hematoma
confined to the suprasellar region that has changed to a diffuse subarachnoid hemorrhage. Sagittal view of computed tomography
at the time of hospital arrival (C) shows skull base fractures (yellow arrows) and posterior clinoid process fracture (yellow arrow-

head).

Fig. 2 Anterior view of right internal carotid digital subtraction angiography (DSA) (A) and three-dimensional rotational angi-
ography (B) third day post-injury shows a carotid-cavernous fistula and a blood blister-like aneurysm on the anterior wall of the
right internal carotid artery (yellow arrow). Fusion image of computed tomography at the time of hospital arrival and DSA (C)
shows a blood blister-like aneurysm (yellow arrow) that is consistent with the location of the hematoma (yellow arrowhead).

specialized treatment. On the third day after injury, a sec-
ond DSA showed no change in the tCCF or shape of the
tBBA (Fig. 2). We planned to perform a high-flow bypass
using radial artery (RA) graft and lesion trapping to treat
tBBA and tCCF simultaneously in one surgery. On the
fourth day after the injury, anisocoria was observed, and a
head CT scan was repeated, which showed diffuse SAH
(Fig. 1B). It was determined that the aneurysm had re-
ruptured, which led us to perform an emergency opera-
tion.

General anesthesia was continued, and the patient was
placed in the supine position with the head rotated to the
left and fixed with pins; one neurosurgeon performed a
craniotomy, while another surgeon simultaneously har-
vested the right RA. First, the right ICA and external ca-
rotid artery (ECA) were exposed at the cervical region, and
the hypoglossal nerve was identified to mark the root of
the RA. A right frontotemporal skin incision was made to
expose the right superficial temporal artery (STA); then, a

right frontotemporal craniotomy was performed with
opening of the middle cranial fossa. The Sylvian fissure
was opened to expose the M2 segment of the right middle
cerebral artery (MCA), and the anterior branch of the STA
and the M2 were bypassed as an assist bypass under
monitoring of MCA pressure. The ECA and the proximal
M2 that anastomosed the STA were then bypassed using a
RA graft. The cervical ICA was thereafter ligated and oc-
cluded, and bypass blood flow was confirmed via Doppler
ultrasound and indocyanine green fluorescence to ensure
adequate blood flow. The Sylvian fissure was further
opened, and the ruptured tBBA was visualized in the su-
praclinoid ICA (Fig. 3). A thick hematoma was observed
around the aneurysm, but there was no evidence of en-
largement or shape change in the tBBA. The intracranial
ICA, which is just proximal to the posterior communicat-
ing artery, was clipped and occluded. The anterior clinoid
process was partially removed via an intradural approach,
and the right ophthalmic artery was identified and oc-
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Fig. 3 Intraoperative image shows a blood blister-like aneu-
rysm in the anterior wall of the internal carotid artery (yellow
arrow).

cluded using a clip. After securing blood flow to each by-
pass, the wound was closed, and the procedure was termi-
nated. Postoperatively, blood pressure was controlled with
nicardipine and spasm with fasudil hydrochloride hydrate
and cilostazol for 14 days. The patient’s state of conscious-
ness gradually improved, and she was then extubated. DSA
was performed at 7 days postoperatively and showed good
bypass patency (Fig. 4). A right abducens nerve palsy ap-
peared, but no other neurological symptoms were noted,
and femoral orthopedic surgery was performed 29 days af-
ter the injury. The patient was transferred to a rehabilita-
tion hospital on day 49 post-injury.

Discussion

Traumatic ICA aneurysms are known to occur near the
anterior clinoid process and are often associated with skull
base fractures. Generally, the mechanism of traumatic ICA
aneurysm development is thought to be due to the histo-
logical or anatomical characteristics of the ICA. The in-
tracranial ICA is often characterized by histological loss of
the external elastic lamina and anatomically less fixation
with the surrounding tissues. Blunt external forces
stretched the supraclinoid ICA, and that local forces were
applied to the ICA by the anterior clinoid process, which
resulted in the formation of the tBBA.” Furthermore, this
case was associated with tCCF, which is known to be
caused by arterial dissection,”” and it is possible that the
arterial dissection may have progressed to the supraclinoid
ICA, resulting in tBBA.

Traumatic intracranial aneurysms differ from nontrau-
matic intracranial aneurysms in terms of angiographic fea-
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Fig. 4 Anterior view of a postoperative digital subtraction
angiography of the right common carotid artery shows good
bypass patency (arrows).

tures, with the neck of the aneurysm often being indistinct
and the aneurysm being irregularly shaped.*” There has
only been one report of a BBA due to trauma in a child, as
described by Haji et al.” and none in an adult. In that re-
port, a head CT scan showed SAH and a tBBA from the
initial examination as in the present case, and the aneu-
rysm was noted to enlarge over a short period of time.
Most traumatic aneurysms are pathologically pseudoaneu-
rysms, characterized by a short-term change in shape,"
and the case described by Haji et al. reflects these charac-
teristics. The commonality between the present case and
that of Haji et al. is that the traumatic ICA aneurysm had
already ruptured at the time of initial presentation. Trau-
matic intracranial aneurysms form within 1 to 2 weeks of
injury and often rupture around 2 weeks after traumatic
brain injury,”*” but our present case and that of Haji et
al. had bleeding from the ICA injured region at the time of
injury, which enabled early detection and likely led to the
detection of the tBBA, which did not enlarge in our case.
There have been several reports of BBAs treated with
IVR using braided stents or flow diverter stents.*'” Zhang
et al.'” reported that treatment of BBA with overlapping
low-profile visualized intraluminal support stent-assisted
coil embolization has resulted in an overall occlusion rate
of 92.3% and a procedure-related complication rate of
7.7%. A systematic review of flow diverter treatment for
BBA"™ showed procedure-related morbidity and mortality
of 26% and 3%, respectively. However, the medium- to
long-term efficacy and safety of BBA treatment by IVR
with a braided stent or flow diverter are yet to be estab-
lished; furthermore, it remains unclear whether dual anti-
platelet therapy should be used in the acute phase of cere-
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bral aneurysm rupture.” We believe that dual antiplatelet
therapy should not be performed in situations where there
is a risk of re-rupture after treatment. In addition, in pa-
tients with multiple trauma, including traumatic brain in-
jury as in this case, administration of dual antiplatelet
therapy may exacerbate intracranial hemorrhage and
bleeding at the site of other complicated injuries.

On the other hand, the efficacy and safety of high-flow
bypass with RA grafting and lesion trapping for BBA have
been reported.”*'” Murai et al. reported that in their high-
flow bypass with RA grafting, the 5-year or longer patency
rate of the graft was 94%, and the symptomatic ischemic
complication rate was 4.9%.*” It can be safely performed
even in patients with intracranial hemorrhage or multiple
trauma because dual antiplatelet therapy is not required,
and there is no possibility of postoperative rupture. Even
in emergency operations under conditions that do not al-
low preoperative cerebral blood flow testing, the risk of
postoperative complications, including hyperperfusion and
ischemic complications, has been determined to be re-
duced by intraoperative maneuvers such as MCA pressure
measurements, additional STA-MCA bypass, and indocy-
anine green fluorescence.”** On the other hand, when
surgery is performed during the acute phase of trauma, it
is necessary to consider the difficulty of surgery due to de-
creased bypass patency caused by hypercoagulability,**”
swelling of subcutaneous tissues at the surgical site, and
subcutaneous bleeding. The risk of abducens nerve palsy
associated with internal carotid artery occlusion,” even if
temporary, should also be considered, as was observed in
this present case. Therefore, treatment should be selected
according to individual conditions and circumstances. The
present case also had tCCF, and high-flow bypass has also
established its efficacy as a treatment for tCCE.**

Conclusion

This case has been considered rare as the ICA was likely
injured and bleeding at the time of injury, resulting in the
formation of tBBA. In addition to tBBA, this case was also
complicated by tCCE, which could be safely treated by
high-flow bypass using a RA graft with lesion trapping as a
curative procedure.
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