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Abstract The purpose of this retrospective study was to
report the morphological characteristics and results of
surgical and endovascular treatment of basilar artery (BA)
trunk saccular aneurysms. Twenty-two patients with 22 BA
trunk saccular aneurysms underwent surgery including
endovascular intervention. In this series, BA trunk aneur-
ysms showed characteristic features such as so-called lateral
aneurysm (41%), multiple aneurysms (32%), including two
de novo aneurysms, and various vascular anomalies. Eleven
craniotomies for neck clipping were performed for 11
ruptured aneurysms. However, in one of these cases, we
abandoned neck clipping, because of concern for neck
tearing, and embolized it later. Five ruptured and five
unruptured aneurysms were successfully treated by endo-
vascular surgery. Another one incompletely embolized
aneurysm had grown to a huge size, and the patient
underwent a Hunterian ligation with a flow reconstruction.
The unusually high incidence of various associated vascular
anomalies suggests that focal wall weakness must be based
on the mechanism of aneurysm initiation. Most patients
presented with subarachnoid hemorrhage. The pretreatment
neurological state was predictive for clinical outcome. And,
clinical outcomes in this series were not affected by the
choice of treatment. However, considering that three of 11
surgical cases needed subsequent treatment, endovascular
surgery should be considered as a first choice.

Keywords Intracranial aneurysm . Subarachnoid
hemorrhage . Surgical approach . Hunterian ligation .

Endovascular surgery . Embolization

Introduction

Aneurysms of the basilar artery (BA) trunk are rare and
among the most difficult to manage surgically [1, 2, 6, 9,
30, 36, 39, 41]. Anatomically, the BA trunk is located in the
depth of the valley surrounded by the bilateral petrous
bones. Surgical access to this area is hampered by a dense
collection of vital cranial nerves and perforating arteries to
the brain stem [2]. Furthermore, the difficulty in treating
these aneurysms is compounded by their rarity, which limits
the acquisition of experience in treating these lesions. As a
result, the rarity and unique morphological features of BA
trunk aneurysms make it difficult to individually tailor the
treatment strategy. However, an endovascular approach to
this area is comparatively easy because of the simple access
to the BA. Thus, the first choice of treatment has changed
in the last 10 years.

The objective of this retrospective analysis was investi-
gation of the morphological characteristics of the BA trunk
saccular aneurysms, evaluation of surgical strategies and
results of their management, and review of the relevant
literature.

Materials and methods

The clinical data for this study were obtained from a
retrospective analysis of 22 patients with 22 BA trunk
saccular aneurysms who underwent surgical treatment
including endovascular surgery at the Department of
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Neurosurgery, Neurological Institute, Tokyo Women’s Med-
ical University and affiliated hospitals between 1984 and 2007
[20, 53]. In this series, fusiform aneurysms (three cases) were
excluded. There were 18 women (82%) and four men (18%),
ranging from 20 to 88 years with a mean age of 58.1 years.

Sixteen patients presented with subarachnoid hemor-
rhage (SAH), three with coexisting aneurysms which
developed SAH, one with a mass effect on the brain stem,
while two patients were incidentally discovered.

Before 1996 (cases 1 to 11), we mainly performed direct
surgery. All surgeries were performed or supervised by the
senior author (TH: Tomokatsu Hori). In 1996, we intro-
duced endovascular surgery, and coil embolization was
selected as the first choice of treatment for BA trunk
saccular aneurysms. Since then, direct surgery has been
performed only when the aneurysm was not suitable for
endosaccular embolization or the patient was intolerant to
bilateral vertebral artery (VA) occlusion.

All endovascular procedures were performed in the
neuroangiographic suite via the transfemoral arterial route
by the author (TH: Takashi Higa). All endovascular
surgeries except for one incidentally discovered aneurysm
case were performed under general anesthesia. All the
procedures were performed under full systemic heparin-
ization to maintain the activated clotting time around twice
the base value. In this series, Guglielmi detachable coil
(GDC, Boston Scientific, Fremont, CA, USA) was mainly
used to fill the aneurysm. In one case before 1997, when
the GDC was approved in Japan, interlocking detachable
coil (IDC, Boston Scientific) was used. The detachable
coils were delivered under road-mapping guidance, and the
aneurysm was packed as densely as possible.

Postoperative angiography was performed in all surgical
cases within 1 month. And, initial angiographic results of
clipping were classified as follows: successful clipping or
partial clipping. Those of endovascular cases were classi-
fied as follows: complete occlusion (CO), neck remnant
(NR), or dome filling (DF). Results of follow-up angiog-
raphy were also classified in the same way, and clinical
outcomes were evaluated 6 months later.

The preoperative neurological function was evaluated
according to the Hunt and Kosnik (H&K) grade [21]. The
neurological outcomes, including deficits prior to surgery,
were divided into four categories as follows, at least 6 months
following the initial surgical treatment: Good recovery (GR),
patients who are essentially normal or patients with a slight
disability who are nevertheless productive and essentially
capable of living a normal life with only minimal limitations;
moderately disabled (MD), patients with moderate neurolog-
ical deficits who require family or nursing assistance but
enjoy their lives at home; severely disabled (SD), patients
with serious neurological deficits who totally depend on
others or are bedridden; dead (D).

Results

Aneurysm size and location

The aneurysms were small in 16 (diameter <11 mm), large
in five (11 to 25 mm), and giant in one (>25 mm). Of the 22
aneurysms, seven arose from the branch of the anterior
inferior cerebellar artery (AICA), including one aneurysm
associated with a persistent proatlantal artery, four were
associated with BA fenestration, one was located at the
branching of a persistent primitive hypoglossal artery, and one
was located at the branching of the high-positioned posterior
inferior cerebellar artery (PICA). Nine lateral saccular
aneurysms incorporated with the BA trunk were demonstrated
on the upper half of the BA trunk (six cases) and lower half
(three cases). Seven cases were associated with multiple
aneurysms. In two cases, de novo aneurysms which caused
SAH were observed: a BA trunk ruptured aneurysm (case 9;
Fig. 1) and a BA trunk ruptured aneurysm with a posterior
cerebral artery unruptured aneurysm (case 12; Fig. 2). All
cases are shown in Table 1.

Surgical treatment

Ten aneurysms were directly clipped as shown in Table 1.
There were no procedure-related mortalities. However, we
lost one patient due to serious brain damage at SAH onset
and chronic renal failure.

Three of 11 patients treated by direct surgery required a
second operation.

In one patient (case 7), the aneurysm at the proximal part
of the BA fenestration was approached via a subtemporal
approach. However, it was impossible to dissect the
aneurysm neck between the BA fenestration and was
finished with incomplete clipping. A second operation
was performed via a retrosigmoid translabyrinthine ap-
proach to expose the entire aneurysm complex. However,
severe adhesion around the aneurysm neck, bilateral BA
fenestration, the facial nerve, and the previously applied
clip did not allow fine dissection of the aneurysm neck, and
this resulted in bleeding from the ipsilateral BA fenestra-
tion. A second clip was eventually applied involving one of
the BA fenestrations. The patient recovered quite well,
except for hearing loss.

In one patient with a large ruptured aneurysm at the
AICA (case 8), neck clipping was done via an anterior
transpetrosal route; however, clipping was deemed to be
risky due to the presence of a stiff and broad neck with a
high risk of tearing the neck at clipping. Later, the
aneurysm was embolized using detachable coils. The
patient was discharged without any neurological deficits.

In one patient with a de novo ruptured upper BA trunk
aneurysm (case 9), a postoperative angiography taken
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3 weeks after surgery showed aneurysm regeneration just
beside the first clip. A second surgical exposure confirmed
a newly developed aneurysm from the wall of the BA itself.
The clip was replaced and reinforced with wrapping. The
patient was unchanged before and after the second surgery.

Endovascular treatment

Eleven patients were initially treated with endovascular
surgery using detachable coils as shown in Table 1. Coil
embolization was technically feasible in all cases: five
ruptured aneurysms and six unruptured aneurysms, includ-
ing three aneurysms associated with coexisting ruptured
aneurysms and two incidentally discovered aneurysms. In
two cases, a balloon assist technique was used to prevent
the coils from protruding into the BA trunk (cases 12
and 18).

There was one case which required postembolization
surgical treatment. In this case (case 15; Fig. 3), the
aneurysm was treated with IDC at first, but a dense packing

could not be obtained. This incompletely embolized
aneurysm had grown to a huge size over the subsequent
5 years, and the patient underwent a Hunterian ligation and
a high flow bypass using a radial artery graft [22, 27, 29].
However, the huge thrombosed aneurysm did not shrink,
and brain stem syndrome remained, leading to fatal
aspiration pneumonia at a nursing home 18 months later.
Another ten aneurysms were embolized without any
procedure-related complications in the acute stage. Howev-
er, in one case of a large BA trunk aneurysm with a wide
neck (case 21), brain stem infarction occurred 3 weeks after
the procedure regardless of oral administration of an
antiplatelet agent.

In seven (64%) aneurysms, CO was achieved, while NR
was found in three (27%) aneurysms, and DF remained in
one (9%). Follow-up angiography was obtained in eight
surviving cases: there was CO in six aneurysms and NR in
two aneurysms. Neither re-bleeding nor recanalization of
the aneurysm was observed during the follow-up period,
ranging from 9 to 72 months with a mean of 28.8 months.

Fig. 2 Case 12. A 72-year-old
woman with SAH of a poor
clinical grade, with a medical
history of SAH due to a rup-
tured BA tip aneurysm which
was successfully clipped via the
right pterional approach 6 years
earlier (left). Angiography dis-
closed two de novo aneurysms
on the upper BA trunk and the
left PCA (right). Coil emboliza-
tion using a balloon assist tech-
nique was performed

Fig. 1 Case 9. A 58-year-old woman with SAH in H&K grade IV. A
postoperative angiography taken 3 weeks after surgery showing
aneurysm regeneration just beside the first clip (left). A second

surgical exposure confirming a newly developed aneurysm from the
wall of the BA itself and then re-clipped with wrapping (right)

Neurosurg Rev (2009) 32:181–191 183



T
ab

le
1

S
um

m
ar
y
of

22
pa
tie
nt
s
w
ith

th
e
ba
si
la
r
ar
te
ry

tr
un

k
sa
cc
ul
ar

an
eu
ry
sm

s

C
as
e
no

.
A
ge
/s
ex

A
ne
ur
ys
m

si
ze

(m
m
)/
ty
pe

P
re
se
nt
in
g
cl
in
ic
al

si
gn

In
iti
al

tr
ea
tm

en
t

C
om

pl
ic
at
io
ns

O
ut
co
m
e

R
em

ar
ks

1
20

F
18

m
m
/s
ac
cu
la
r
L
at

at
th
e
up

pe
r

B
A

S
A
H

(I
II
)

C
lip

pi
ng

(p
te
ri
on

al
ap
pr
oa
ch
)

B
A

st
en
os
is

M
D

D
ri
lli
ng

of
P
C
P

2
64

F
5
m
m
/s
ac
cu
la
r
B
ra

at
th
e
A
IC
A

S
A
H

(I
V
)

C
lip

pi
ng

(p
te
ri
on

al
ap
pr
oa
ch
)

S
D

S
ev
er
e
va
so
sp
as
m

3
71

F
12

m
m
/s
ac
cu
la
r
L
at

at
th
e
up

pe
r

B
A

S
A
H

(I
V
)

C
lip

pi
ng

(S
T
T
ap
pr
oa
ch
)

D
D
ie
d
of

ch
ro
ni
c
re
na
l
fa
ilu

re
du

e
to

re
na
l
T
B
,
m
ir
ro
r
an
eu
ry
sm

s,
m
ul
tip

le
an
eu
ry
sm

s
4

51
M

15
m
m
/s
ac
cu
la
r
B
ra

at
th
e
A
IC
A

S
A
H

(I
I)

C
lip

pi
ng

(S
T
T
ap
pr
oa
ch
)

G
R

5
46

F
8
m
m
/s
ac
cu
la
r
B
ra

at
th
e
P
P
H
A

S
A
H

(I
I)

C
lip

pi
ng

(S
T
T
ap
pr
oa
ch
)

G
R

6
73

F
6
m
m
/s
ac
cu
la
r
B
ra

at
th
e
hi
gh

ly
po

si
tio

ne
d
P
IC
A

at
V
B
J

S
A
H

(I
I)

C
lip

pi
ng

(S
T
T
ap
pr
oa
ch
)

G
R

7
45

M
8
m
m
/s
ac
cu
la
r
B
if
at

th
e
B
A

fe
ne
st
ra
tio

n
S
A
H

(I
II
)

C
lip

pi
ng

(S
T
T,

P
T
P
ap
pr
oa
ch
)

C
lip

pi
ng

re
vi
si
on

G
R

S
ec
on

d
op

er
at
io
n
du

e
to

pa
rt
ia
l
cl
ip

8
37

F
15

m
m
/s
ac
cu
la
r
B
ra

at
th
e
A
IC
A

S
A
H

(I
I)

E
xp

lo
ra
tio

n
(A
T
P
ap
pr
oa
ch
)

G
R

C
oi
lin

g
as

a
se
co
nd

tr
ea
tm

en
t

9
58

F
5
m
m
/s
ac
cu
la
r
L
at

at
th
e
up

pe
r
B
A

S
A
H

(I
V
)

C
lip

pi
ng

(a
nt
er
io
r
te
m
po

ra
l

ap
pr
oa
ch
)

C
lip

pi
ng

re
vi
si
on

S
D

P
H
:S
A
H
,
IC
H
,
de

no
vo

an
eu
ry
sm

,
m
ul
tip

le
an
eu
ry
sm

s,
se
co
nd

op
er
at
io
n
du

e
to

gr
ow

th
of

an
eu
ry
sm

re
m
na
nt

10
48

F
7
m
m
/s
ac
cu
la
r
B
ra

at
th
e
A
IC
A

S
A
H

(I
I)

C
lip

pi
ng

(P
T
P
ap
pr
oa
ch
)

G
R

11
64

F
8
m
m
/s
ac
cu
la
r
B
ra

at
th
e
A
IC
A

S
A
H

(I
II
)

C
lip

pi
ng

(t
ra
ns
co
nd

yl
ar

ap
pr
oa
ch
)

S
D

S
ev
er
e
va
so
sp
as
m

12
72

F
3
m
m
/s
ac
cu
la
r
L
at

at
th
e
up

pe
r

B
A

S
A
H

(V
)

C
oi
lin

g
D

D
e
no

vo
an
eu
ry
sm

,
m
ul
tip

le
an
eu
ry
sm

s,
P
H
:
S
A
H
,
ba
llo

on
as
si
st

te
ch
ni
qu

e,
di
ed

of
in
iti
al

br
ai
n

da
m
ag
e

13
66

F
3
m
m
/s
ac
cu
la
r
B
if
at

th
e
B
A

fe
ne
st
ra
tio

n
S
A
H

(I
V
)
du

e
to

ru
pt
ur
ed

B
A
-S
C
A

an
eu
ry
sm

C
oi
lin

g
D

M
ul
tip

le
an
eu
ry
sm

s,
di
ed

of
in
iti
al

br
ai
n
da
m
ag
e

14
50

F
8
m
m
/s
ac
cu
la
r
B
if
at

th
e
B
A

fe
ne
st
ra
tio

n
In
ci
de
nt
al

C
oi
lin

g
G
R

P
H
:
pi
tu
ita
ry

ad
en
om

a

15
50

M
35

m
m
/s
ac
cu
la
r
B
if
at

th
e
B
A

fe
ne
st
ra
tio

n
M
as
s
ef
fe
ct

C
oi
lin

g
R
eg
ro
w
th

af
te
r

co
ili
ng

M
D

M
ul
tip

le
an
eu
ry
sm

s,
bi
la
te
ra
l
V
A

cl
ip
pi
ng

an
d
hi
gh

fl
ow

by
pa
ss
,
di
ed

of
pn

eu
m
on

ia
18

m
on

th
s
la
te
r

16
67

F
3
m
m
/s
ac
cu
la
r
L
at

at
th
e

up
pe
r
B
A

S
A
H

(I
V
)

C
oi
lin

g
D

D
ie
d
of

in
iti
al

br
ai
n
da
m
ag
e

17
52

F
4
m
m
/s
ac
cu
la
r
B
ra

at
th
e

A
IC
A

In
ci
de
nt
al

C
oi
lin

g
G
R

18
63

F
10

m
m
/s
ac
cu
la
r
L
at

at
th
e

up
pe
r
B
A

S
A
H

(I
II
)

C
oi
lin

g
G
R

B
al
lo
on

as
si
st
te
ch
ni
qu

e

19
74

F
4
m
m
/s
ac
cu
la
r
L
at

at
th
e

lo
w
er

B
A

S
A
H

(I
V
)
du

e
to

ru
pt
ur
ed

V
A
-P
IC
A

an
eu
ry
sm

C
oi
lin

g
S
D

M
ul
tip

le
an
eu
ry
sm

s

184 Neurosurg Rev (2009) 32:181–191



Outcome

Of 11 cases initially treated by clipping, six showed GR,
one was MD, three were SD, and one was D. On the other
hand, four showed GR, one was MD, four were SD, and
two were D in endovascular cases. Comparison of the
outcomes in two groups of patients did not reveal
statistically significant differences according to chi-square
test with continuity correction (p=0.667).

Discussion

Definition of a BA trunk aneurysm

Posterior circulation aneurysms constitute 10–20% of the
aneurysms seen in most surgical series [25, 39, 44]. The
majority of posterior circulation aneurysms arise at the BA
bifurcation, with the next most common location being the
origin of the PICA from the VA. BA trunk aneurysms are
very rare and can be defined as aneurysms originating from
the region of the vertebrobasilar junction to the origin of the
superior cerebellar artery (SCA): vertebrobasilar (VB)
junction aneurysms, aneurysms arising at the site of a BA
fenestration, BA-AICA aneurysms, lateral type saccular
aneurysms at the BA trunk, and fusiform aneurysm
involving the BA trunk [49]. BA trunk aneurysms are
considered to comprise less than 1% of intracranial
aneurysms [36, 41].

Characteristics of BA trunk saccular aneurysms

Saccular aneurysms generally arise at the apex of arterial
bifurcations [12, 40, 43]. It is generally believed that
hemodynamic stress due to main blood stream impinge-
ment at apices causes flow-induced remodeling, subse-
quently initiating aneurysmal lesions. However, the BA
trunk does not have a definite bifurcation at which the axial
stream impinges. This must be why BA trunk aneurysms
are rare. The unusually high incidence of associated
vascular anomalies, lateral aneurysms, and multiple aneur-
ysms suggests that the focal fragility of a vessel wall must
be based on aneurysm formation on the BA trunk. It is well
established that anomalies of the circle of Willis and
variations in the normal cerebrovascular anatomy are
related to cerebral aneurysms [24, 28] and that they can
be explained by inherent defects in the medial vessel wall
[23, 27]. In the present study, one aneurysm arose from the
origin of the persistent primitive hypoglossal artery, one was
associated with the persistent proatlantal artery, and four
were formed at the BA fenestration. The persistent primitive
hypoglossal artery and BA fenestration are rarely encoun-
tered, with incidences of 0.02–0.03% [28] and 0.3–0.6% [4,20
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5, 51], respectively. Aneurysm formation at the point of a
rare vascular anomaly suggests that aneurysms result from
an inherent weakness of the vessel wall.

The risk of de novo aneurysms was reported to be 1.1%
to 1.8% per year [7, 31, 42]. The mean time of interval to
diagnosis of de novo aneurysms is quite variable and has
been reported from 7.3 to 15.5 years [33, 42]. Considering
that the growth rates of individual aneurysms are not equal
and that some aneurysms may be too small to detect or may
exist as a weak site when the first angiograms are
conducted, to confirm the time of initiation of de novo
aneurysms is difficult, and they should be categorized as a
special case of multiple aneurysms in which the lesions
appear at different times rather than coincidentally.

In the present study, multiple aneurysms were demon-
strated in 32% of cases. We think multiple occurrences of
aneurysm lesions at different arterial geometries suggest that
aneurysm initiation is associated with vessel wall fragility.
Lateral aneurysms accounted for nine of 22 aneurysms: the
upper half of the BA trunk in six aneurysms and the lower
half in three. David et al. [7] reported that broad-based
aneurysms, which arose from the superior BA incorporating
the vessel wall, often showed regrowth after complete
clipping. They suggested that the aneurysm neck was
incorporated with the wall of the basilar artery itself.
Similarly, we observed immediate aneurysm formation after
complete neck clipping of a lateral aneurysm illustrated in
Fig. 1. Presumably, microsurgical dissection around neck
injures to the thin and fragile vessel wall later leads to
aneurysm generation. These findings also suggest that focal
wall weakness may play an important role in aneurysm
formation on the BA trunk. However, the rare incidence of
aneurysms on the BA trunk paradoxically means that most
aneurysms may develop under hemodynamic stress.

Surgical treatment

In general, exposure of the proximal and distal vessels of
the aneurysm before dissection around the neck is impor-
tant in aneurysm surgery to control any unexpected
premature ruptures [3]. The pterional approach as advocat-
ed by Yasargil [58] was developed to manage anterior
circulation aneurysms. The removal of the anterior and
posterior clinoid processes, decompression, and the possi-
ble deflection of the optic nerve enhance exposure of the
upper basilar complex. However, the direction in which to
clip the aneurysm neck is still limited to an anteroposterior
trajectory, and this often results in a blind clip application.
In this respect, an anterior temporal approach [18] or half
and half approach [11] was found to provide wider
exposure for large and complex lesions. Later, we consid-
ered that a modified anterior temporal approach [54], in
which we dissected and separated the superficial sylvian
veins from the temporal lobe, is better than an ordinary
pterional approach. Slackening and posteriorly shifting the
temporal lobe provides satisfactory exposure behind the
internal carotid artery and allows more lateral access to the
lesion. It is suggested that this approach is ideal for
aneurysms of the BA apex and the superior trunk of the
BA. However, this approach was used only in one case in
our series.

Drake [8, 9] recommended a subtemporal transtentorial
route to aneurysms located in the middle third of the BA.
Sugita et al. [49] successfully clipped the aneurysm neck in
eight of nine cases with BA trunk aneurysms by using this
approach. When it was necessary to expose the BA trunk
even further downward, we had to perform bone removal of
the medial edge of the petrous bone. However, clipping the
aneurysms is often difficult due to the limited viewing

Fig. 3 Case 15. A 50-year-old man underwent coil embolization of a
BA fenestration aneurysm using IDCs 5 years earlier (left). The
incompletely embolized aneurysm grew into a thrombosed giant
aneurysm, compressing the brain stem and cerebellum (center). A

ventriculo-peritoneal shunt and Hunterian ligation under a high flow
bypass between the extracranial vertebral artery and the posterior
cerebral artery were performed (right)

186 Neurosurg Rev (2009) 32:181–191



angle and approach route. In such cases, an additional
transcondylar or transpetrosal translabylinthine approach
should be chosen to view the aneurysm neck from various
angles. We used this approach in five of 11 cases.

Kawase et al. [26] devised a modification of the
subtemporal transtentorial approach, which involves a
subtemporal craniotomy followed by an extradural dissec-
tion along the floor of the middle fossa to the petrous ridge.
A tentorial incision between the fifth cranial nerve medially
and the seventh and eighth complex laterally exposes the
middle third of the basilar artery. This extradural approach
protects the venous drainage of the temporal lobe and is
very useful for some specific cases; however, this approach
often restricts the viewing direction for the clipping route,
and it is sometimes impossible to clip the aneurysm neck
parallel to the BA trunk when the neck is broad, as shown
in the present case 8. In addition, it requires skull base
surgery techniques and is thought to be difficult for non-
expert neurosurgeons.

In 1979, Kasdon and Stein [23] and later Hashi et al.
[17] developed a combined approach with subtemporal
transtentorial and posterior transpetrosal presigmoid expo-
sure for low-lying BA aneurysms. They believed that such
an approach was advisable for lesions located between the
VB junction and the AICA, which could not otherwise be
exposed by the subtemporal transtentorial approach alone.
Thereafter, various posterior transpetrosal approaches have
been developed from the supra/infra transtentorial and lateral
suboccipital approach: briefly, the transpetrosal transsig-
moid, transpetrosal presigmoid retrolabylinthine, transpe-
trosal translabylinthine, and transcochlear approaches (total
petrosectomy) [14, 35, 45, 46]. We used this approach in
one case after failing to clip the aneurysm via a subtemporal
approach. As a result, any approach to this area was
achieved through the deep and narrow surgical corridor,
and this resulted in incomplete neck clipping that later
required clip replacement. Furthermore, early postoperative
angiography is recommended because a residual neck or
regrowth of the neck after clipping was seen in two of 11
cases. This percentage is higher than previous reports in
which aneurysm remnants immediately after surgery were
approximately 4% [55].

Alternative methods for treating unclippable aneurysms
are wrapping or proximal vessel occlusion [10, 48].
Steinberg et al. [46] reported the surgical outcome of 201
patients undergoing an attempted Hunterian ligation with-
out any revascularization in which a successful long-term
outcome was achieved in 75% of the patients. They
reported that the size of the posterior communicating artery
was a good predictor of tolerance to BA occlusion. The
presence of an adequate caliber of posterior communicating
artery allowed retrograde filling of the BA. However, to
avoid any ischemic complication, we reconstructed a high

flow bypass using a radial artery graft between the
extracranial VA and the posterior cerebral artery (PCA)
before Hunterian ligation. Intraoperative angiography may
help to confirm sufficient blood flow via the bypass.

Endovascular treatment

Several approaches have been used to access the BA trunk
as described above, but these approaches have been
successful only in the hands of a limited number of skilled
neurosurgeons. On the other hand, endovascular access to
the BA trunk is not difficult in general. In addition, the
technology for endovascular surgery has progressed rapidly
in the last decade [57]; therefore, we introduced these
techniques in view of their minimum invasiveness in 1996.
Since then, endovascular surgery has offered a striking
therapeutic benefit because endovascular access is not
affected by complex arteries of the BA trunk such as many
perforating arteries and cranial nerves, which may often
cause the problems in a surgical approach. Since then, we
have selected endovascular surgery as the first choice of
treatment for BA trunk aneurysms with anticipated surgical
difficulties.

There was no procedure-related mortality in this series,
compared with rates ranging from 0% to 3.8% in other
series of posterior circulation [32, 34, 47]. A thromboem-
bolic complication occurred in one case despite oral
administration of an antiplatelet agent. As in other reported
series, thromboembolic events seem to be the most
common complication, and special attention must be paid
to platelet aggregation after coil embolization, especially in
wide-neck aneurysms.

No subsequent bleeding was observed in eight patients
who survived during the follow-up period ranging from 9 to
72 months, with a mean of 28.5 months. The prevention of
rebleeding by coil embolization in this series was as good
as that reported in other endovascular series, ranging from
0% to 3.7% [11, 13, 38].

It is presumed that the main reason to prevent rebleeding
even in neck remnant cases is to exclude bleeding point
from the circulation. The goal of both direct clipping and
endovascular surgery is complete exclusion of the aneu-
rysm from the circulation. Clot formation in the sac does
not mean the aneurysm is completely cured, particularly
with giant aneurysms or aneurysms with a wide neck in
which the main blood stream impinges upon the orifice of
the aneurysm and may disturb endothelialization of the
aneurysm orifice. This mechanism may induce the regrowth
of aneurysms packed with coils, which occurred in the
present case 15. In this case, IDC which was not suitable
for endosaccular embolization was used because GDCs
were not available in Japan in those days. In addition, most
aneurysms in endovascular cases are small and lateral or
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branching types which show a high tendency toward
complete obliteration after coil embolization. This is shown
in our previous report [19].

The results of both direct surgery and endovascular
surgery in this series were recognized to be acceptable
compared with the previous reports [11, 32, 34, 38, 47, 56].
There was no significant difference between these treat-
ments, and pre-treatment neurological state may be predic-
tive for clinical outcome. However, direct surgery required
skull base techniques that may result in many postoperative
complications. Furthermore, there were three of 11 cases
initially treated by direct surgery by a skilled neurosurgeon
which required subsequent treatment in this series. On the
other hand, an endovascular approach to the BA trunk is
easy compared with a surgical approach. Therefore, it is
assumed that endovascular surgery for BA trunk aneurysms
is an effective therapeutic alternative to clipping that is
associated with low morbidity and mortality rates.

Nowadays, endovascular technology appears to be an
effective and safe alternative treatment for patients with
cerebral aneurysms. In the near future, even for wide-neck
or fusiform aneurysms, coil embolization with stent
deployment [15] or covered stent [16] may provide more
stable and complete aneurysm obliteration. Endovascular
therapeutic devices will undergo further modifications and
refinements, which will provide a more stable and complete
aneurysm occlusion.

Comparison of the previously published data and our series

A review of the literature [1, 2, 6, 14, 33, 35–37, 41, 45, 50,
52, 56] identified 144 previously reported patients with 146
BA trunk aneurysms, including 124 patients with 126
saccular aneurysms and 20 patients with 20 fusiform
aneurysms. Reports of these cases included the presenting
symptoms, aneurysm site and type, treatment, and outcome
for individual patients, which were reviewed. The mean
patient age, preoperative neurological conditions, and
follow-up period were not known because some studies
did not mention any details of individual records. Saccular
aneurysms included 14 giant aneurysms (11%), and
fusiform aneurysms included 15 giant aneurysms (75%).
The presenting symptoms of the saccular aneurysms were
SAH in 104 cases including coexisting aneurysms (84%), a
mass effect in eight aneurysms (6%), and incidental in 12
(10%). In contrast, the fusiform aneurysms showed SAH in
three aneurysms (15%), a mass effect in 14 aneurysms
(70%), and stroke in three (15%). Saccular aneurysms
tended to show SAH as the initial symptom; on the other
hand, a fusiform aneurysm mainly presented with a mass
effect.

In the treatment of all cases, including the present series,
clipping of the aneurysm neck was performed in 76 of 144

cases, in which six cases were treated with a reconstruction
of the BA using a clipping technique, a Hunterian ligation
in 14 cases, exploration or wrapping in three cases,
transposition of BA in two cases, endosaccular emboliza-
tion in 43 cases, endovascular trapping in one case,
unilateral or bilateral VA occlusion in four cases, and
thrombectomy in one case.

The surgical outcomes of all cases were GR, 96 of 144
(66.7%); MD, 15 of 144 (10.4%); SD, 13 of 144 (9.0%);
and D, 20 of 144 (13.7%). These data are shown in Table 2.

Conclusion

In our series, BA trunk aneurysms were frequently
associated with other vascular anomalies, multiple aneur-
ysms, and lateral aneurysms. Most cases with saccular
aneurysms presented with SAH. Pretreatment neurological
state may be predictive for clinical outcome. And, clinical
outcomes in this series were not affected by the choice of
treatment. However, endovascular surgery is more prefer-
able because of minimum invasiveness. To manage of BA
trunk saccular aneurysms, endovascular surgery should be
considered as the first choice. Advances in new device
technology will allow us to provide better clinical and
anatomical outcomes for such challenging lesions.

Finally, because of the high propensity of de novo
aneurysms, multiple aneurysms and various vascular
anomalies, close angiographic follow-up is indispensable.
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Comments

Kazuhiko Nozaki, Otsu, Japan
Aneurysms of basilar artery trunk are still difficult to obtain

complete cure by open surgery, and recent advancements in
endovascular surgery bring favorable outcomes in some selected
patients. The authors summarized a relatively large series of basilar
artery (BA) trunk saccular aneurysms from 22 patients (more than
11 mm in diameter in six cases) who underwent open surgery and/or
endovascular surgery at their institute with relatively good clinical
outcomes. Their treatment strategy has changed since 1996, after
which endovascular surgery is the first choice. Adequate skull base
techniques and preservation of perforators are mandatory for complete
direct clipping of these lesions, and flow alteration techniques should
be the last choice considering surgical morbidity and curability.
Lateral type of aneurysms seems to be suitable for endovascular
surgery in terms of curability, and further development in materials
such as coils and stents may increase amenable cases for endovascular
surgery. Although the authors discussed about the possible relation-
ship between the incidences of vascular anomaly and aneurysms, the
vascular anomaly itself does not necessarily mean the weakness and
fragility of vascular walls. They also discussed about multiplicity and

vascular wall fragility, but it is difficult to conclude that basilar trunk
saccular aneurysms occur based on vascular fragility because of small
sample size. Basilar artery trunk aneurysms are still challenging
diseases, and surgical indication should be cautiously applied depend-
ing on location and morphology of aneurysms and patient’s
conditions.

Peter Vajkoczy, Berlin, Germany
The treatment of basilar artery trunk aneurysms still remains one of

the major challenges in modern neurosurgery and interventionell
neuroradiology. In the present study, Prof. Hori and his colleagues
report on their experiences in treating 22 patients presenting with
basilar artery trunk saccular aneurysms, most of them following
rupture and SAH. Half of the patients have been treated by surgery
applying skull approaches and advanced clipping strategies. The
others have been treated by endovascular surgery. The authors have to
be congratulated for their excellent clinical and morphological results.
This applies both to surgical and endovascular treatment. Their study
clearly demonstrates what modern subspecialized and interdisciplinary
neurosurgery can provide excellent treatment results to patients
presenting with these challenging lesions. The authors clearly state
that today endovascular surgery should be the treatment modality no.
1 for saccular aneurysms along the basilar trunk, especially since the
surgical approach by itself is often associated with significant
comorbidities, and clipping of the aneurysm is most often limited by
the narrow space. Therefore, complete obliteration of the aneurysm
can often not be provided by surgery. In contrast, the endovascular
approach is clearly the less invasive strategy, and particularly in this
region along the basilar artery trunk, the rate of incomplete aneurysm
obliteration is comparable to microsurgery. On the other hand, this
study again demonstrates that, in case of basilar artery trunk
aneurysms that are not well suited for endovascular therapy,
microsurgery still remains an excellent therapeutic option.

Carl Muroi, Zurich, Switzerland
This study is about a single center experience in treating a rare type

of aneurysm. The authors present good result in treating basilar artery
trunk aneurysm by either surgical clipping and/or endovascular
coiling. The authors report that the outcome was not affected by the
choice of treatment, though it must be assumed that the clipping group
is similar to a “historical control group” since after introduction of
endovascular surgery the majority was rather coiled than clipped.
Therefore, the follow-up period of the “clipping group” must be
assumed to be longer than the “coiling group,” which ranged from 9 to
72 months with a mean of 28.8 months. The incidence of
recanalization and/or rebleeding after coiling might rise when the
follow-up period becomes equal to the “clipping group.” This
circumstance makes the comparison of these groups and its interpre-
tation a little bit difficult in my opinion.
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