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Abstract

Proximal occlusion or trapping combined with EC-IC bypass is
usually employed as a definite treatment for a giant fusiform
aneurysm in cases where it is impossible to apply clips and do
vascular reconstruction. Endovascular treatment is very impor-
tant as an alternative or combined technique if direct surgery is
impossible. The authors report a young male who presented with
a 2" episode of intracranial bleeding in basal ganglion and sub-
arachnoid hemorrhage with mild right hemiparesis. His 3D-CT
scan revealed left ruptured partially thrombosed giant M1 fusi-
form aneurysm and left unruptured C3 saccular aneurysm. He
underwent STA-MCA bypass with attempted M1 reconstruction
and a week later attempted total occlusion of the M1 aneurysm
with coils. But only a ruptured point at the distal M1 was occlud-
ed which, however, resulted in temporary mild right hemiparesis
and aphasia. A month later when he was supposed to have his 2nd
coiling procedure his angiogram demonstrated spontaneous and
complete obliteration of both the M1 and C3 aneurysms without
any new neurological deficit, so no further endovascular proce-
dure was attempted. The discussion is based on this case and
previous reports regarding difficult giant M1 fusiform aneu-
rysms, its treatment and spontaneous thrombosis of aneurysmal
sac after bypass and distal occlusion. Conclusions are drawn that
1) spontaneous thrombosis of M1 and C3 aneurysms should be
the result of hemodynamic alteration in both aneurysms due to
a lower flow velocity induced by distal bypass and distal occlu-
sion of M1, 2) combined distal bypass and endovascular oblitera-
tion of the aneurysmal sac with coils is a good alternative if vas-
cular reconstruction is difficult or impossible.
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Successful Obliteration of a Ruptured Partially
Thrombosed Giant M1 Fusiform Aneurysm

with Coil Embolization at Distal M1
after Extracranial-Intracranial Bypass

Introduction

Proximal occlusion or trapping combined with EC-IC bypass is
usually used as the definite treatment for a giant fusiform aneu-
rysm where it is difficult or impossible to apply clips and do vas-
cular reconstruction [1-7]. Endovascular treatment is important
as an alternative or combined technique if direct surgery is tech-
nically impossible [8-13]. We present in this report a patient
with a ruptured left partially thrombosed giant M1 fusiform
aneurysm and an incidental left C3 saccular aneurysm, who un-
derwent a craniotomy for STA-MCA bypass with attempted M1
reconstruction and later an endovascular treatment resulting in
occlusion of the rupture point at the distal part of M1 fusiform
aneurysmal sac and a right hemiparesis which recovered un-
eventful. A month later both his giant M1 fusiform and C3 saccu-
lar aneurysms were spontaneously thrombosed and completely
obliterated.

Case Report

A 24-year-old, right-handed man was referred to our hospital for
a sudden severe headache and mild alteration of consciousness.
The CT scan and 4-vessel angiogram which were done in another
hospital revealed SAH with a left C3 saccular and a left partially
thrombosed giant M1 fusiform aneurysm. 3D-CT done in our
hospital demonstrated that the M1 aneurysmal sac was partially
thrombosed (Fig.1d) by which we thought the ruptured site was
already obliterated and in some degree was temporarily secured.
Together with the high operative risk of the partially thrombosed
giant M1 fusiform aneurysm, we decided to follow-up this pa-
tient. The mild right hemiparesis, which was the only neurologi-
cal deficit was completely resolved during the 3-month follow-
up period. However, at the end of the 3 month he had sudden
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right hemiparesis without alteration of consciousness. A CT scan
demonstrated LT basal ganglion hematoma with SAH (Fig.1a).
4-Vessel angiogram and 3D-CT showed a slight change of con-
figuration of the bleb of the M1 giant fusiform aneurysm which
was thought to be the site of rupture (Fig.1b,c,e). Since it was
the second bleeding, we decided to give definite treatment for
this giant M1 fusiform aneurysm. Our plan was to do an STA-
MCA bypass and temporary trapping followed by clot evacuation
and M1 reconstruction with much attention to sparing some per-
forating branches at the proximal M1 if possible while perma-
nent trapping was also an alternative. But as a result of many
hard adhesions around the M1 aneurysm, only a few perforating
branches could be dissected clearly from the complex adhesion-
aneurysm mass. Hence it was impossible without any complica-
tion to save enough perforating branches at the proximal M1 for
reconstruction or trapping to be employed. Even proximal occlu-
sion at the proximal M1 aneurysmal sac with sparing of some
perforating branches was impossible because the M1 aneurys-
mal sac was so hard that if clip were applied it would have to be
slipped over both the more proximal M1 and the spared perforat-
ing branches or even over the ICA bifurcation or ICA and its ante-
rior choroidal artery (Fig. 2). Thus, only double anastomosis was
done. Although ischemic complication might occur if the sac
were totally occluded, the risk of fatal rupture was high in this
patient so, a week later, we performed an endovascular surgery
aiming at complete obliteration of the M1 fusiform aneurysmal
sac. Selective left ECA angiography demonstrated good flow
through the STA-MCA anastomosis and good circulation of the
recipient MCA branches (Fig. 3a). A balloon occlusion test at C5
was done with Moiyan 5 Fr., 15 minutes after which no new neu-
rological deficit occurred. However no collateral flow from the

Fig.1a CTscan, done at 2" bleeding,
shows left basal ganglion hematoma and
SAH.

b and c Preoperative lateral and A-P view of
ICA angiogram show left giant M1 fusiform
aneurysm and left C3 saccular aneurysm.

d Multiplainar reconstruction demonstrates
thrombus in M1 aneurysm.

e 3D-CT shows left giant M1 fusiform aneu-
rysm and absence of left A1.
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Fig.2 Intraoperative view show thick adhesion around M1 during me-
ticulous dissection to preserved perforating branches.

anterior cerebral artery and only retrograde flow from EC-IC by-
pass to the M1 aneurysmal sac were seen (Fig. 3 ¢). An Envoy 5-Fr,
100-cm, guiding catheter, Rapid transit microcatheter, and Ter-
mo GT45-double angle microguide were used.

A 3D-GDC 8 x 25 frame was employed to pack the ruptured site
and the distal part of the aneurysm after which flow toward the
distal end of the M1 aneurysmal sac was arrested. Then GDC-18
10x 30 and 8 x 20 were put into the aneurysmal sac but as soon
as this was accomplished the patient had right dense hemiplegia
and aphasia (Fig. 3d-i). We then stopped coiling and sent him
back to the ward and gave him heparinization, dopamine-in-
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duced systolic hypertension above 150 mm Hg, and hyperbaric
oxygen therapy. 3 hours later the deficit had disappeared. His
angiogram on the next day revealed that the coils were in an ori-
ginal shape and the same site as that of immediate post coiling.
T,-weighted and diffusion MRI at 2 days after coiling showed left
basal ganglion ischemia (Fig. 4a,b). SPECT also revealed decreas-
ed cerebral blood flow at the left basal ganglion area. Since this
patient was afraid of the second coiling procedure and we also
wanted to wait until his clinical condition was improved and sta-
ble, we delayed the 2" endovascular surgery. On discharge from
our hospital he had only mild difficulty in calculation.

Fig.3a Left ECA angiogram demonstrates
good flow from anastomosis to peripheral
territory of M1.

b Right ICA angiogram shows no collateral
flow to left carotid system through left A1.
¢ Left CCA angiogram during balloon occlu-
sion test at left C5 demonstrates collateral
flow to peripheral M1 territory via STA-MCA
anastomosis and retrograde flow from the
anastomosis to M1 aneurysmal sac as faint
aneurysmal stain.

d and g A-P and lateral view of left ICA an-
giogram done just before coiling procedure.
e and h A-P and lateral view of left ICA done
during first coiling into the bleb which was
suspected to be the ruptured site.

f and g A-P and lateral view of left ICA an-
giogram done just at the end of coiling pro-
cedure which had to be stopped because of
acute ischemic deficit during coiling proce-
dure, which however, occlusion of the ruptur-
ed site at the distal M1 was accomplished.

Fig.4a MRI done after coiling procedure
confirmed left basal ganglion ischemia.

b Diffusion MRI also shows left basal gangli-
on ischemia.

About one month after the 15¢ coiling procedure, during which no
neurological deficits occurred he came back to have the 2™ one.
We planned to completely obliterate the sac of the M1 fusiform
aneurysm and also the C3 saccular aneurysm but his left ICA an-
giogram at this time demonstrated only flow into left ICA with its
ophthalmic and anterior choroidal artery, no filling of contrast
into the C3 and the M1 aneurysms (Fig. 5). Both aneurysms had
spontaneously thrombosed and were completely obliterated,
hence the patient needed no further treatment to prevent rup-
ture but follow-up. Now he has been on follow-up for 6 months,

Karnchanapandh K et al. Successful Obliteration... Minim Invas Neurosurg 2002; 45: 245 -250

0
o
3
m
&
-]
=]
=
-+

Downloaded by: Uni



his neurological deficit is completely resolved and he has retur-
ned to his normal activity.

Discussion

Steinberg et al. in 1993 reviewed reports in the literature and
found that patients with unclippable intracranial aneurysms
were dead or severely disabled at the 5-year follow-up period
[2]. Our patient presented with SAH and later with basal gangli-
on hematoma successively within 3 months which was enough
to conclude that it was necessary for this particular patient to
have definite treatment to prevent any future hemorrhage and/
or thromboembolic event in spite of the high operative risk in
the partially thrombosed giant aneurysms as described pre-
viously by Sano et al. in 1998 [7].

Drake and Peerless in 1997 reviewed their own series of 120 gi-
ant fusiform intracranial aneurysms treated surgically of which
25 were located in the anterior circulation and of which 13 were
giant fusiform MCA aneurysms. They suggested from their expe-
rience that a collateral circulation to the area supplied by perfo-
rating vessels arising from the aneurysm sac itself must exist for
occlusion of giant fusiform aneurysms and that incorporated
perforating branches did not always result in central infarctions.
Thus, the majority of giant fusiform aneurysms may be treated
safely using parent occlusion or trapping. This even includes the
MCA giant fusiform aneurysm in which fear existed for the in-
tegrity of lentriculostriate circulation to internal capsule and ba-
sal ganglion and where an EC-IC bypass usually satisfies the pe-
ripheral MCA territory [5].

In this reported case, an EC-IC bypass to peripheral MCA territory
was accomplished successfully but an attempt to trap and do M1
reconstruction failed since there were so many perforating bran-
ches arising from aneurysmal sac which could not be preserved
and so the risk of infarction of the internal capsule and basal gan-
glion was too high. We decided not to take such a risk. To oblit-
erate the aneurysmal sac with coils later after the patentcy of the
bypass was confirmed was chosen as an alternative procedure.
But during coiling into an aneurysmal sac, an acute ischemic
neurological deficit occurred and the procedure hat to be stop-
ped. Irrespective of whether the deficit resulted from coil in-

Fig.5aand b A.-p. and lateral view of left
ICA angiogram done 1 month after coiling,
demonstrates complete obliteration of both
M1 and C3 aneurysm and also demonstrates
a lot of perforating branches to left basal
ganglion.

duced occlusion or thromboembolic phenomenon, we speculat-
ed that even if a collateral circulation to the central region, as
Drake and Peerless mentioned, did already exist, it could not
establish sufficient collateral flow in time for the sudden occlu-
sion in our particular case.

However, we succeeded to occlude the ruptured bleb at the distal
end of the M1 aneurysm with coils which, we think, might be an
important cofactor together with the patent bypass that both
created slow flow velocity conditions in the M1 fusiform aneu-
rysmal sac and possibly also in the C1-C2-C3 and C3 saccular
aneurysm. We even think that, soon after bypass surgery, the
blood flow from the proximal M1 toward the aneurysmal sac
had already been reduced to some degree as a result of the anas-
tomosis flow supplying much of the demand of the peripheral
M1 territory already and that flow from left ICA somehow de-
creased in response to this. But, after coiling, this flow must be
much more reduced and that this might be sufficient to alter
the potential for rupture to less than it would be in its natural
course. In another words, by combined distal bypass and distal
occlusion of the M1 fusiform aneurysm we may succeed to
change the natural course of this particular aneurysm from one
with a very high risk of rebleeding to one with a lower risk of
rupture while maintaining sufficient flow to perfuse the per-
forating branches so that no new neurological deficit occurred
afterward. Our speculation is based on mechanical concepts of
the pathophysiology of initiation-growth-rupture of aneurysms
[14-16]. As early as 1930, Forbus emphasized the significance
of the flowing blood for aneurysmal initiation and progression
[17]. Many investigators suggested a relation of segmental high
flow rate and aneurysms that led to the hypothesis of hemodyna-
mic stress as a mechanical factor favoring aneurysm initiation
and progression [18 - 20]. Hashimoto et al. [21,22] could produce
cerebral aneurysms in rats by carotid ligation, induced hyperten-
sion and administration of a substance causing fragility of con-
nective tissue while later Nagata [23] and Stehbens [24] found
that such a substance was not necessary. Futrakis et al. in 1999
computationally investigated hemodynamics and its relation to
intracranial aneurysm formation. Their data suggested that, in
the absence of any underlying disease process, aneurysm deve-
lopment is a mechanically mediated event or a mechanical de-
formation to pressure and sheer. Their models offered a hypothe-
sis regarding the initiation, growth and rupture of aneurysms as
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related to the hemodynamics of cerebral arterial blood flow [25].
Hoh et al. in 2001 suggested flow alteration by combined surgical
and endovascular technique as an alternative treatment in their
series of 48 aneurysms that could not be clipped or occluded
safely, of which 8 were fusiform aneurysms of the M1 segment.
They also presented 1 of these 8 cases in which, after EC-IC by-
pass, an intraoperative angiogram showed complete cessation
of flow to the aneurysm at the distal M1 location which they ex-
plained as the result of antegrade flow from the ipsilateral ICA
that was balanced by an opposing flow from the bypass and the
remaining aneurysm segment was later occluded by GDC embo-
lization [13].

Unexpectedly, about 1 month after incomplete coiling of the M1
aneurysmal sac, a cerebral angiogram showed complete occlu-
sion of both the giant M1 fusiform and C3 saccular aneurysms
while no new neurological deficit was detected. And again this
emphasizes the difference between slow and acute obliteration
of the aneurysmal sac and its perforating arteries. Whether this
spontaneous intraaneurysmal thrombosis was just incidental or
the result of the distal M1 bypass and/or distal occlusion of M1
aneurysmal sac, we could not definitely say. But from the throm-
bosis point of view, apart from high blood viscosity and endothe-
lial injury, the slow flow velocity is one of the most important
factors. In this case we excluded the endothelial injury induced
by the endovascular procedure as a cause of thrombosis since
both the C3 and M1 had spontaneous and complete thrombosis
in the same time period while the coiling procedure was done
only into the M1 aneurysmal sac, no attempt into the C3 aneu-
rysmal sac was made. Spontaneous thrombosis of a giant cere-
bral aneurysms is not uncommon and the finding of thrombus
in a giant aneurysmal sac has been reported to vary between
52.4%-83.3% [26-28]. Complete thromboses of giant intracra-
nial aneurysms are not common and the incidence is between
0%-19% [26-28]. Fukuoka et al. reported a completely throm-
bosed giant aneurysm of the angular artery branch of MCA in a
patient who presented with SAH and a large ICH [29]. Marchau
et al. reported a completely thrombosed giant basilar artery fusi-
form aneurysm presenting with ischemic episode without SAH
[30]. And even though we suspected from his angiogram and
3D-CT a partial thrombosis in the M1 aneurysmal sac, during
the period of at least 3 months before bypass and endovascular
surgery, both M1 and C3 aneurysms did not undergo spontane-
ous and complete thrombosis until bypass and distal M1 aneu-
rysmal sac occlusion were done. So we strongly believe that it is
most likely in this case that thrombosis is the result of changing
hemodynamic factors in both aneurysmal sacs from high to slow
flow velocity. Benashvili et al. reported spontaneous thrombosis
of a giant M1 fusiform aneurysm 4 months after EC-IC bypass
and before endovascular occlusion was attempted [31]. Yeh and
Tomsick also reported a spontaneous and complete thrombosis
of a giant saccular aneurysm of the ICA, 1 month after EC-IC by-
pass and before ballon occlusion of proximal ICA was attempted
which, at 2-year follow-up, was still shown to be completely ob-
literated [32]. However, not only spontaneous and complete
thrombosis but also rupture was reported after bypass [33,34].
Hopkins and Grand reported on EC-IC bypass in the treatment
of unclippable aneurysms of ICA and MCA in 11 patients, one of
which was an unruptured left supraclinoid ICA aneurysm with
non-filling of left intracranial circulation distally, which ruptured

1 week after bypass and before ICA ligation was attempted. They
then suggested the paramount importance of the need for caro-
tid ligation immediately after the bypass procedure [35]. Scott et
al. reported the rupture of a previously unruptured giant MCA
aneurysm 13 days after EC-IC bypass. Heros and Ameri also re-
ported the rupture of an unruptured giant basilar aneurysm 36
hours after a saphenous vein interposition graft to the PCA [36].
From these previous reports and our own case, the hemodyna-
mic change after distal bypass in the parent artery and in aneu-
rysmal sac could be due, in either way, to more or less hemody-
namic stress, depending on the balance between the retrograde
flow from the anastomosis and the antegrade flow from the pa-
rent artery. If we cannot accurately predict the change of hemo-
dynamic stress in the aneurysmal sac after bypass, care must be
taken for preventing rupture if the aneurysm has not been secur-
ed. In our case, occlusion of the bleb which was thought to be the
ruptured site at distal M1 was done 1 week after the bypass,
which, we think, could have secured the aneurysm to some de-
gree and might also help promote retrograde thrombosis as well.
We cannot recommend distal bypass combined with ruptured
point occlusion with coils as the treatment protocol for any giant
M1 fusiform aneurysm on the basis of one case report. We can
only say that combined distal bypass and endovascular tech-
nique is helpful in this kind of difficult aneurysm when operative
risk is considered. We think that future attention and further
studies should aim at a hemodynamic study of flow before and
after any endovascular or surgical procedure on the vascular cir-
cuit with an unsecured aneurysm and to modify each treatment
procedure according to each individual hemodynamic character
to achieve the best treatment.

For example, TCD measurement of flow velocity before and after
bypass might help make the decision about the time to obliterate
the aneurysm, e.g., if after bypass the flow in the aneurysmal sac
is higher or more turbulent, the obliteration of the aneurysm
should be done as soon as possible but if after bypass flow in
the aneurysmal sac is slower or not turbulent we may delay the
obliteration and monitor the flow to see if it is possible that flow
is going to be slower in some period of time and hence provide
the possibility of spontaneous compete obliteration. During this
time, we can monitor embolic phenomenon, if there are any,
prompt obliteration could be done, etc. Slow obliteration of an
aneurysm with perforating branches originating from sac itself
might avoid the ischemic complication of the perforating
branches territory comparison to that of an acute one. However,
successful treatment still depends much upon the collateral cir-
culation to the area supplied by perforating branches originating
from aneurysmal sac if they technically could not be spared by
treatment.

Conclusion

1. Spontaneous thrombosis of the M1 and C3 aneurysms in this
case should be the result of the hemodynamic change, to slow
flow in both aneurysms induced by distal bypass and distal
occlusion of the M1.

2. Combined distal bypass and endovascular obliteration of the
aneurysmal sac with coils is a good alternative if vascular re-
construction is technically difficult or impossible.

Karnchanapandh K et al. Successful Obliteration... Minim Invas Neurosurg 2002; 45: 245 -250

Downloaded by: University of Pittsburgh. Copyrighted material.



3. Further studies should aim at hemodynamic investigation of
flow character, e.g., flow velocity before and after any proce-
dure on the vascular circuit to help modify treatment for the
individual case.

4. Successful treatment depends much upon collateral circula-
tion to the territory of the perforating branches originating
from the aneurysm itself when they are technically impossi-
ble to be preserved.
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