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Perforators along the middle cerebral artery (MCA) M1 territory increase the difficulty of
treating dissecting aneurysms. Such lesions may only require observation or complex staged
procedures requiring augmentation techniques which reverse flow from the dissecting
segment while preserving parent vessel lumen and distal perfusion. A neurovascular registry
containing nearly 900 patient admissions from October 2008 through February 2013
comprised 18 patients with fusiform MCA-M1 aneurysms; their records were analyzed
to assess demographics, presenting symptoms, co-morbidities, treatments, and outcomes.
Patient ages ranged from 22 to 73 years, averaging at 56. The population was predominately
female (69%). Unruptured aneurysm was the most frequent presentation (69%), followed
by subarachnoid hemorrhage (22%), and stroke (11%). Subarachnoid hemorrhage patients
were Hunt Hess grade III (n=1) and IV (n=1). Co-morbidities included hypertension (77%),
smoking (62%), and hyperlipidaemia (46%). Two patients (15%) experienced regrowth
after initial treatment requiring further intervention. Treatment was most often surgical
(85%) and varied among four categories: observation only; simple surgical, including
occlusion without parent vessel compromise; transitional, characterized by flow reversal
using proximal occlusion or trapping; and maximal combined, defined as flow reversal with
bypass to augment MCA distal circulation. Aneurysm management included wraps (47%),
bypass with stent, clip or occlusion (27%), coil and stent (13%), bypass with coil (7%),
and observation (7%). Seven treatments (47%) were staged procedures. Post-procedure
complications included hydrocephalus (27%), vasospasm (20%), and seizures (20%). The
30-day mortality rate was 15% (n=2). The sample size precludes statistical analysis the
relationship between treatment type and complications or mortality.
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Introduction
The majority of MCA aneurysms are saccular lesions that arise at the
MCA bifurcation region.1-5 Aneurysms involving the M1 segment are
less common, accounting for approximately12% of MCA aneurysms,
and are generally small saccular lesions at the origin of the anterior
temporal artery or a lenticulostriatal perforator.6,7 MCA-M1 fusiform
lesions vary significantly from their saccular counterparts.1,8-10
Spontaneous MCA-M1 fusiform aneurysms are unusual lesions.
Non atherosclerotic dissection has been associated with congenital
vascular processes including Moyamoya disease, local fenestration,
Fibromuscular dysplasia, alpha-1antitrypsin deficiency, disorders
of collagen/elastin, infections, polyarteritis nodosa, and neoplastic
invasion of the intracranial arterial wall.1,8,11,12-15
Fusiform intracranial aneurysms can be grouped into different
categories based on clinical presentation. Patients presenting with
an acute SAH tend to be younger with unstable aneurysms and
management challenges. Patients presenting with ischemic injury
and those identified incidentally appear to be older with larger, more
atheromatous or calcified lesions.
Perhaps due to the relative rarity of MCA-M1 fusiform lesions,
there is limited literature available.10 The following series describes
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our experiences various treatment modalities in the management of
these challenging lesions.

Material and methods
A neurovascular registry containing nearly 900 admissions from
October 2008 through February 2013 was used to identify 18 patients
with non-traumatic, spontaneous, fusiform MCA-M1 aneurysms.
Patient records were analyzed to assess patient’s demographics,
presenting symptoms, co-morbidities, and aneurysm characteristic.
Neuroimaging investigations included CT-scans, MRI when available,
and angiograms. Selection of treatments was reviewed for single,
combined, staged and related in-hospital, 30 day clinical outcomes.
Additional cases treated at our center prior to instituting the registry
were also included for review.

Results
Medical records of the 18 revealed the average patient age
was 52 years and ranged from 22 to 73 years. The population was
predominately female (69%). The majority of aneurysms were
unruptured (69%), with subarachnoid hemorrhage occurring in 22%
and stroke in 11%. Common co-morbidities included smoking (62%),
hypertension (77%), and hyperlipidaemia (46%).
Treatment was most often surgical (85%) Aneurysm management
included wrapping with or without a clip (40%), bypass with stent,
clip or occlusion (25%), clip (10%), coil and stent (10%), bypass (5%),
bypass with coil (5%), and observation (5%). Five patients (28%)
underwent staged procedures. Three patients (17%) experienced re
growth after initial treatment and required further intervention.
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Post-procedure complications included anemia (30%),
hydrocephalus (20%) and vasospasm (15%). The 30-day mortality rate
was 11% (n=2). The small sample size precludes statistical analysis of
how type of treatment may relate to complications or mortality rates.

Discussion
Fusiform intracranial aneurysms most often affect the
Vertebrobasilar system with severe atherosclerosis playing a
significant role.1-5,6,7 Day et al.1 analyzed 40 patients with fusiform
aneurysms involving the MCA treated over two decades, and added
another 62 patients identified from the English literature that had been
published between 1950 and 2000. In their description, 80% of the
lesions presented with non-hemorrhagic symptoms or were discovered
incidentally. In our series, 67% of cases presented as asymptomatic
unruptured aneurysms. Additional clinical presentations included
subarachnoid hemorrhage (22%) and stroke (11%). In Ohkuma’s
report of symptomatic non-traumatic MCA dissecting aneurysms,
69.2% of patients presented with SAH and 30.8% with cerebral
ischemia.10 The higher percentage of SAH may be related to selection
bias.
SAH appears to affect younger patients and presents unique
management challenges. Endovascular therapy with stenting or coils
requires antiplatelet therapy which may be problematic after acute
SAH. Surgical exposure of a recently ruptured dissecting aneurysm
carries the potential for severe and uncontrolled intra-operative
rupture of a lesion that may not be readily amenable to simple clip
reconstruction. In this setting, distal bypass combined with proximal
or distal M1 occlusion may represent reasonable options to reverse
or limit flow through the abnormal arterial segment7,9,16-20 In three of
our cases, this paradigm only temporarily stabilized the situation, and
further treatment was required to treat an enlarging aneurysm.
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death from an unruptured aneurysm was 23%. Drake et al described
55 patients who developed giant fusiform aneurysms of the MCA, and
whom were treated with a variety of adjunct interventions, wrapping
technique being one of them. In his series wrapping failed to arrest
aneurysm growth in one patient; concomitant EC-IC bypass as rescue
therapy was needed for a second patient, and a third patient was left
hemiplegic after complete suture encasement of the aneurysm was
performed with mersaline.8

Illustrative case descriptions
Case 1: A previously healthy 22-year old woman presented as a HuntHess and Fisher grade II SAH (Figure 1A). Her initial angiogram
confirmed a 2cm right MCA-M1 dissecting aneurysm involving the
mid to distal M1 trunk. This aneurysm extended into the bifurcation
and proximal M2 origin region (Figure 1B). The lesion was associated
with 50% stenosis of the M1 proximal segment (Figure 1C). Her
initial treatment consisted of stent assisted coil embolization (Figure
1D). Post procedure she developed cerebral vasospasm and delayed
hydrocephalus, managed with lumbar drainage. Seventeen days later
she was discharged home without neurological deficit. Two months
post-discharge she presented with acute onset left sided weakness
(Figure 1E). Readmission diagnostic angiogram showed significant
interval aneurysm growth. Of interest, most of the lenticulostriatal
vessels arose from an anatomical variant in which an accessory
anterior division right MCA formed from the right ACA A1/ A2
junction (Figure 1F).

Surgical strategies
A variety of surgical techniques were used to treat these complex
lesions. Aneurysms discovered incidentally without evidence
of progressive enlargement were often managed with surgical
exploration to assess for possible clip reconstruction. When surgical
exposure demonstrated multiple perforating vessels emerging from
the aneurysm itself, simple wrapping with clips used to secure the
wrapped segment was performed.21
In the setting of SAH or in the management of giant or enlarging
aneurysms producing mass effect, endovascular therapy was
chosen when feasible or, more commonly, some form of distal
revascularization combined with either surgical or endovascular
parent artery occlusion. A low-flow bypass technique (superficial
temporal artery-middle cerebral artery anastomosis) was the treatment
of choice. In three of these patients, a staged approach was employed.
In the remainder, bypass was followed by parent artery occlusion at
the same setting. Overall, revascularization was utilized in 39% of
our patients.
Endovascular management of dissecting aneurysms consists
of coil embolization, with or without additional stent assisted
techniques. Parent artery occlusion can be utilized only if adequate
collateral circulation can be confirmed. Our 30-day mortality rate was
11% for patients presenting with acute dissection. In a series of 4,000
aneurysms described by Drake, the incidence of giant fusiform lesions
was 3%. Of those, 21% of aneurysms were located in the anterior
circulation, and only 0.33% were considered MCA giant fusiform.
Overall, good outcomes were achieved in only 8 (62%) of the 13
MCA patients. The direct-operative morbidity rate, including a single

Figure 1 1A) Admission CT-scan demonstrating a grade II Fisher SAH; 1B) 3D
angiogram reconstruction showing a 2cm right MCA-M1 dissecting aneurysm
involving the mid to distal M1 trunk; 1C) 3D image highlighting significant inflow stenosis (≥50%) of the proximal M1 trunk; 1D) Near complete occlusion
of the dissecting MCA-M1 aneurysm after stent assisted coil embolization; 1E)
Confirmed right basal ganglia infarct on the T1-weighted MRI following acute
neurological symptoms 2 months after her initial endovascular treatment; 1F)
Readmission angiogram showing a significant interval aneurysm growth and
the anatomical relationship of the perforator vessels to the lesion; 1G) CTscan performed after a second acute neurological deterioration demonstrating
a 3cm right temporal lobe intraparenchymal hematoma, combined with right
to left shift and uncal herniation; 1H) pre-operative emergency catheter
angiography showing additional growth of the dissecting aneurysm, this lesion
was now associated with no perceivable flow in the distal M1 and proximal
M2 segments; 1I) intra-operative angiogram demonstrating occlusion of the
aneurysm after permanent clip occlusion of the right supraclinoid ICA.
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That evening, the patient suffered a new SAH with acute respiratory
arrest. A repeat CT-scan revealed a 3 cm right temporal lobe
hematoma with intraventricular extension, right to left midline shift,
and uncal herniation (Figure 1G). Emergency catheter angiography
demonstrated additional growth of the dissecting aneurysm with no
perceivable flow in the distal M1 and proximal M2 segments (Figure
1H).
The patient underwent an emergency decompressive craniectomy.
Upon opening the dura, the aneurysm ruptured spontaneously causing
active arterial bleeding through the temporal lobe. The microscope
was brought into the field, the frontal lobe was retracted, the
supraclinoid internal carotid (ICA) was exposed, and a temporary
clip was applied. A persistent hemorrhage continued, presumably
resulting from collateral supply from the opposite side via the A1
segment. Temporary clipping of the A1 segment stopped the bleeding,
allowing careful dissection and placement of a permanent clip across
the M1 origin. Remarkably, removal of the temporary clip from the
ICA resulted in bleeding from the ICA itself, raising the possibility
of an underlying arteriopathy as the vessels seemed friable. Two
permanent clips were placed along the injured supraclinoid ICA.
Angiography showed good cross filling of both A2 vessels as well as
the accessory MCA. As the ICA and MCA were occluded, there was
no further filling of the aneurysm (Figure 1I).
A temporal tip lobectomy was performed to augment
decompressive craniectomy to decompress the 3rd cranial nerve
and brain stem structures. Given the patient’s young age, a decision
was made to perform a superficial temporal artery to middle cerebral
artery bypass using standard revascularization technique. Excellent
flow through the anastomosis was confirmed by intra-operative
indocyanine green (ICG) angiography with good filling of the distal
MCA branches. After a prolonged ICU stay, the patient was discharged
to a rehabilitation facility for active care. At the 18 month followup, the patient was ambulating with an ankle brace, had a residual
left-sided hemiparesis, was fully interactive but had modest cognitive
dysfunction and disinhibition.
Case 2: A 43 year-old man with undiagnosed systemic hypertension
presented as a Hunt Hess grade III and Fisher grade IV SAH (Figure
2A and 2B). His admission MRI and angiogram revealed a 15 mm
fusiform left M1 segment aneurysm. Additionally, there was a small,
early anterior frontal branch arising directly from the body of the
fusiform dilatation, as well as the presence of lateral lenticulostriatal
perforator vessels (Figure 2C and 2D). This was associated with
sluggish filling into the distal MCA beyond the aneurysm (Figure
2E). Incorporation of collateral vessels within the aneurysm complex
precluded endovascular intervention. Proposed management consisted
of microsurgical exploration with attempted EC-IC bypass and M1
distal occlusion.

Operative description
The surgical procedure began with a standard STA-MCA
bypass;intra-operative indocyanine green video angiography
confirmed bypass patency. The distal M1 portion beyond the aneurysm
was identified, and a temporary clip was placed. An intra-operative
angiogram confirmed good filling of the distal circulation through
the bypass and native collateral flow. The temporary clip was then
replaced with a permanent clip. Subsequent angiography revealed
good flow through the bypass into the distal MCA circulation, with
near complete occlusion of the fusiform lesion (Figure 2F). Postoperative MRI demonstrated several areas of ischemia on the left
MCA territory. At discharge, the patient had a Glasgow outcome scale
of two.

Figure 2 A-C) Admission CT-scan and MRI revealing a Fisher grade IV SAH
related to a 15mm, ruptured, distal M1 segment fusiform aneurysm; D,E)
Angiogram demonstrating the anatomical relationship of this lesion to the
lateral lenticulostriate perforators, as well as a small, early anterior frontal
branch, which arose directly from the body of the fusiform dilatation; F) Intraoperative angiogram confirming good filling of the distal circulation through
the bypass and native collateral flow, and near complete occlusion of the
fusiform lesion; G,Ga) Follow-up CT-scan and MRI imaging showing interval
growth of the fusiform aneurysm despite adequate surgical intervention;
H,I) angiography showing active contrast extravasation related to a distal A3
iatrogenic perforation during stent deployment; J,K) post procedure CT-scan
revealing an interhemispheric intraparenchymal hematoma which required
emergency craniotomy.

Despite these interventions, the aneurysm continued to enlarge on
subsequent follow-up imaging (Figure 2G and Ga), and stent assisted
coil embolization was recommended. Under general anesthesia and
with a fully heparinized patient, standard endovascular technique
was performed to deliver a Neuroform stent [Boston Scientific/
Target, Fremont, CA](4 mm x 20 mm) in a coaxial fashion over a
microguidewire and deployed within the left A1 segment, back into
the supraclinoid left ICA, across the neck or origin of the M1 segment
aneurysm. Following successful stent deployment, diagnostic
angiography failed to demonstrate any complication. This was followed
by sub-selective catheterization of the distal ICA and proximal 2.5 cm
MCA for deployment of a single DELTAPAQ [Micrus/ Endovascular,
San Jose CA] 10 micro coil (1.5 mm x 6 cm). A diagnostic angiography
run suggested appropriate coil placement at the proximal MCA trunk.
The decision was then made to attempt placement of two additional
stents across the aneurysm neck, to redirect flow and potentially
occlude the lesion. Initially, a second (4.5 mm x2 0mm) stent was
deployed from the A1 segment back into the mid supraclinoid left
ICA without any complications. During deployment of the 3rd stent,
an iatrogenic guidewire perforation of the A3 segment took place.
Active contrast extravasations necessitated an urgent endovascular
occlusion of the left A3 segment (Figure 2H and 2I). Post procedure
imaging revealed a large frontal intracranial hemorrhage, for which he
underwent evacuation followed by decompressive craniectomy with
areas of acute infarction in the paramedian frontal and parietal lobes
(Figure 2J and 2K). Post-operatively, the patient remained in poor
condition, and the family elected to withdraw support.
Case 3: A 53-year-old male active smoker, with a medical history
of psychiatric symptoms, hypertension and dyslipidemia, was
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incidentally found to have a 14 mm right proximal M1 trunk dissecting
MCA aneurysm (Figure 3A). Diagnostic angiography demonstrated
several lenticulostriatal perforators’ vessels arising from the dome
of the fusiform dilatation. There was also an early anterior temporal
cortical branch of moderate caliber which arose from the dilatation
antero-inferior aspect (Figure 3B). The relationship of the aneurysm
to these vessels was considered a contraindication to endovascular
treatment.
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As a result, early radiological follow-up is recommended in these
cases as unexpected and asymptomatic lesion regrowth appears
common and may portend impending re bleeding.
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