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ABSTRACT

AIM: Traditional craniotomies for treatment of the aneurysms at the A3 segment of anterior cerebral artery (A3As), such as frontal
approach and interhemispheric approach, require pre-hairline incision and relatively long incision, extensive bone flap, inevitable
supraorbital nerve injury, opening frontal sinus, and increased operative time. Here we reported anterior interhemispheric keyhole
approach with minimally invasive advantages for treatment of A3As.

MATERIAL and METHODS: Thirteen A3As and one A1 aneurysm in thirteen patients were confirmed by computed tomographic
angiography (CTA) and/or digital subtraction angiography (DSA). All patients underwent anterior interhemispheric keyhole approach
with a hairline incision across the midline and a bone flap 3-4 cm in diameter, combined with external ventricular drainage,
neuronavigation, intraoperative neurophysiological monitoring (IONM), and transcranial Doppler (TCD). Clinical characteristics and
therapeutic results of the patients were analyzed, and the postoperative functional capacities of those patients were evaluated using
Glasgow Outcome Scale (GOS) six months later.

RESULTS: All aneurysms were successfully obliterated via the anterior interhemispheric keyhole approach combined with external
ventricular drainage. Mean duration of surgery (from skin incision to wound closure) was 100 minutes with a range of 70 to 135
minutes. No severe interhemispheric keyhole approach related complications, postoperative infections, secondary intracranial
haemorrhage, severe cerebral vasospasm, and aneurysmal neck remnants were detected. Median hospital stay after surgery was
9.0 days (range 8 to 11 days). And the postoperative functional capacities evaluated by GOS were normal six months later.

CONCLUSION: The anterior interhemispheric keyhole approach combined with external ventricular drainage is a safe, effective,
and minimally invasive craniotomy technique for the treatment of A3 aneurysms.
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B INTRODUCTION

neurysms at the A3 segment of anterior cerebral artery
(ACA) constitute 2% to 7% of all intracranial aneurysms

nd surgical management presents some unique tech-
nical difficulties (3,6,11,13,20,23,28,30,32,35,36,39,41,46,48,

49,51). The aneurysms at the A3 segment of anterior cere-
bral artery (A3As) are usually small and difficult to be exposed
because of their deep site in the interhemispheric fissure and
specific orientation of the pericallosal artery. As A3As are rare,
it is difficult to obtain experience in microneurosurgical treat-
ment (19,27,31,33,34,51). Nevertheless, aneurysm clipping is
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shown to be a sustained and effective management for the
A3As (24).

Traditional approaches for A3As clipping such as frontal, bi-
frontal, frontotemporal, and frontolateral craniotomies have
been acknowledged and extensively applied. It is no doubt
that aneurysm clipping at the A3 segment of ACA can be
performed successfully via traditional interhemispheric crani-
otomy (3-5,15,24,25,42,50). However, there exists a relatively
long bicoronal, semi (unilateral)-coronal or horseshoe-shaped
incision, a relatively extensive bone and brain exposure in
the traditional craniotomy for the treatment of A3As, which is
time-consuming and iatrogenic traumatizing not related to the
aneurysms themselves. Although Fukushima et al. reported
that the interhemispheric approach with the incision on the
forehead wrinkle, which was the shortest path to the lesion,
had been applied to the ACA aneurysm clipping successfully
(8). In addition to the postoperative scar on the forehead, it
was inevitable that the patients would feel forehead numb-
ness postoperatively because of cutting off the supraorbital
nerve, and opening frontal sinus would increase the risk of
infection during surgery (44). Limited exposure in cerebral sur-
gery is the goal that neurosurgeons constantly pursue in the
21st century (47). Along with the improvement of the preopera-
tive diagnostic tools, intraoperative illumination devices and
neurosurgical instruments, the neurosurgical interventions are
less dangerous and less invasive. And the keyhole approach
in neurosurgery has evolved gradually from traditional crani-
otomy. Therefore, the anterior interhemispheric keyhole ap-
proach with a hairline incision across the midline and a bone
flap 3-4 cm in diameter is introduced to overcome the above

Table I: Clinical Characteristics of the Patients
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drawbacks. And it is exactly true that the keyhole approach
combined with the assistive technologies, such as neuronavi-
gation (17,18), and intraoperative neurophysiological moni-
toring (9,45), are recommended for overcoming the technical
challenges of A3As (7,8,10,21,22,26,40). Here, we report our
preliminary experience in the management of A3As via ante-
rior interhemispheric keyhole approach.

B MATERIAL and METHODS
Patient Population

Thirteen patients (seven males and six females, aged 15-67
years) manifesting as spontaneous subarachnoid hemorrhage
(SAH), associated with varying degrees of interhemispheric
hematoma, were admitted to hospital, diagnosed by computed
tomography angiography (CTA) and/or digital subtraction
angiography (DSA), and underwent anterior interhemispheric
keyhole approach between January 2005 and September
2014.

Clinical datas of the 13 patients are presented in Table I, Il.
All 13 patients are right-handed and underwent preoperative
and postoperative CTA and/or DSA evaluations. 3D-CTA
(three-dimensional CTA) or 3D-DSA (three-dimensional DSA)
was performed to obtain more detailed information about the
orientation and morphology of the aneurysms. Angiography
demonstrated that there were thirteen aneurysms located at
A3 segment (three superior A3As, six anterior A3As, and four
inferior A3As) and one aneurysm located at A1 segment (A1A).
All of the 14 aneurysms were saccular aneurysms, and the

Patient Age Aneurysm Site of aneurysm Diameter of Hunt-Hess Posto;_)eraftive

(yrs) morphology aneurysm (mm) Scale complications
1 15 M NN, Sac Right, superior A3 5.0 | none
2 35 F NN, Sac Right, superior A3 4.0 | none
3 43 M NN, Sac Right, anterior A3 3.0 Il none
4 51 F NN, Sac Left, anterior A3 3.0 Il none
5 36 F NN, Sac Left, inferior A3 3.5 | none
6 39 M NN, Sac Right, superior A3 3.0 | none
7 27 M NN, Sac Right, inferior A3 2.0 | none
8 40 F NN, Sac Right, anterior A3 3.0 1 none
9 31 M NN, Sac Left, anterior A3 2.5 1l none
10 46 F NN, Sac Left, inferior A3 3.0 1l none
11 48 M NN, Sac Right, anterior A3 2.5 1l none
12 60 M NN, Sac Left, inferior A3 3.0 Il none
13 67 F NN, Sac "eﬂ’S:g“:;ff[r cﬁ‘ig}f At 30 (Z”g?ﬂ%r A3); I none

M: Male, F: Female, yrs: Years, NN: Narrow-necked, Sac: Saccular, A3: A3 segment of ACA, A4: A4 segment of ACA.
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median diameter of the aneurysm was 3.6 mm (range 2.0 to
5.0 mm). The patient’s preoperative conditions were assessed
according to Hunt-Hess Scale (eight with Hunt Hess grade
Il, and five with grade I). All 13 patients underwent anterior
interhemispheric keyhole approach within 3 days after
hemorrhage. All patients were treated with the traditional
postoperative management of aneurysmal SAH. The clinical
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Figure 1: Microneurosurgical division of the aneurysm on the A3
segment of ACA according to its relative position of the corpus
callosum. a, represented superior A3; b, represented anterior A3;
¢, represented inferior A3.

Table II: Clinical Results of 13 Patients Submitted to Surgery

characteristics and therapeutic results of the patients were
analyzed, such as aneurysm location, operative time, and
hospital stay. All patients had clinical and radiological follow-
up with CT or CTA. The postoperative functional capacities
of those patients were evaluated by Glasgow Outcome Scale
(GOS) six months later.

Operative Technique

Under general anesthesia, the patient was placed in the
supine position with head tilted about 30 degrees superiorly,
without rotation or lateral tilting. And the patients underwent
somatosensory evoked potential (SEP) and/or motor evoked
potential (MEP) monitoring in our A3As surgeries for detecting
cerebral ischemia changes, which is induced by temporary
occlusion of the parent artery. Regardless of the locations of the
aneurysms in these thirteen patients, the right-sided anterior
interhemispheric keyhole approach was chosen to avoid
iatrogenic traumatizing to dominant hemisphere, and it is also
convenient for a right-handed neurosurgeon. As the flow of
cerebrospinal fluid (CSF) may be obstructed by subarachnoid
clot after aneurysmal subarachnoid hemorrhage, and the CSF
cannot be easily removed from the interhemispheric fissure,
consequently, contralateral external ventricular drainage
was performed, which was partly combined with intracranial
pressure device (ICP), preferably on the right side. The burr-
hole was made 1 cm anterior to the coronal suture and 2.5
cm lateral to the midline. And the catheter was placed in the
anterior horn of the lateral ventricle and tunneled under the
scalp. The distal end of the catheter was inserted about 5-6
cm until CSF was well obtained. The catheter was sutured to
the skin, and connected to an external drainage system for

Intraoperative assistive

Duration of Postoperative  Hospital Six-month

Patient Site of aneurysm technologies surgery (hh:mm) complications stay(days) GOS
1 Right, superior A3 IONM;TCD 01:37 none 8 5
2 Right, superior A3 IONM;TCD 01:10 none 8 5
3 Right, anterior A3 IONM;TCD 02:03 none 10 5
4 Left, anterior A3 IONM;TCD 02:00 none 11 5
5 Left, inferior A3 Nefg‘,’\'ﬁ;?ggon; 02:15 none 8 5
6 Right, superior A3 IONM;TCD 01:53 none 9 5
7 Right, inferior A3 IONM;TCD 01:20 none 7 5
8 Right, anterior A3 IONM;TCD 01:15 none 9 5
9 Left, anterior A3 IONM;TCD 01:20 none 10 5
10 Left, inferior A3 IONM;TCD 01:35 none 9 5
11 Right, anterior A3 IONM;TCD 01:40 none 8 5
12 Left, inferior A3 IONM;TCD 01:30 none 10 5
13 Left anterior A3 and Af IONM;TCD 02:07 none 10 5

segment of ACA

GOS: Glasgow Outcome Scale, IONM: Intraoperative neurophysiological monitoring, TCD: Transcranial Doppler.
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draining ventricular CSF. Then a 7-cm right-side asymmetric
hairline incision across the midline was place on the forehead,
which could prevent scarring on the forehead outside the
hairline (Figures 2, 3). After the scalp being incised, a burr
hole was drilled in the midline just above the superior sagittal
sinus (SSS). Then, the holes were enlarged with rongeur. It is
recommended that gelatin sponge may be filled between the
bone and the SSS through the enlarged holes, and the injury
to the SSS can be avoided during milling the bone, then a
bone flap 3-4 cm in diameter is made (Figure 2). After the dura
on the right side was opened with a “C” incision, it was found
that the bridging veins draining into the superior sagittal sinus
were rarely encountered in these patients. In addition, in most
cases the bridging veins were small and their sacrifice was well
tolerated (41,42). After CSF was removed from the ventricular
system slowly and brain relaxation occured, enough working
space was provided for clipping aneurysms. Then the frontal
lobe should be dissected and retracted carefully and minimally
to avoid intraoperative premature rupture of the aneurysms
and iatrogenic traumatizing to frontal lobe. Meanwhile, the
superficial bridging vein should also be carefully protected. The
interhemispheric fissure was subsequently exposed (Figure
5A). And then the callosomarginal artery and pericallosal
artery were unveiled, and the genu of the corpus callosum was
approached and could be used as an anatomical landmark
for orientation. Finally, the A3As and the proximal segment
of parent artery were visible (Figures 5B-F). If the A3As are
difficult to locate intraoperatively, the neuronavigation can
be prepared for finding the correct angle and approach to
the aneurysm (Case 5). After identifying of the parent artery
and the branches, the aneurysmal neck was dissected
completely and defined accurately. Before the final clipping
was made with particular care to obliterate the aneurysmal
neck completely, all vascular anatomy should be confirmed.
In addition, the temporary occlusion of parent artery was
carried out when clipping aneurysmal neck which should be
separated successfully and rapidly to avoid cerebral ischemic
events and Transcranial Doppler (TCD) was applied to detect
vascular stenosis during the surgeries. After completion of the
intracranial procedure, the dura was closed with watertight
sutures and the bone flap was fixed. Then the galea and scalp
were sutured.

B RESULTS

Clinical results of the 13 patients are presented in Table Il
After being fully prepared for surgery, all 13 patients here
were treated by the right anterior interhemispheric keyhole
approach, which was selected as the optimal surgical planning
to avoid iatrogenic traumatizing to dominant hemisphere. It
was lucky that no bridging veins were encountered in our
cases. After drainage of the CSF from ventricular system,
enough operative space was obtained for clipping A3As
because of satisfactory relaxation of the genu of corpus
callosum and the frontal lobe, even the A1 segment of ACA.
And adjustment of microscope makes the A3As (including
the inferior A3As) and the proximal end of the parent artery
be exposed more easily during aneurysm clipping (Figure
3, line B), which could facilitate surgeon to obtain desired
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Figure 2: lllustration demonstrating the location of the bone flap
for treatment of A3As.

Figure 3: Schematic definition of the interhemispheric “keyhole”
approach according to the anatomical location of A3As. Line
A represented the interhemispheric “keyhole” approach for
treatment of A3As; Line B meant adjusting the microscope to
expose the A3As (including the inferior A3As) and proximal end of
the parent artery during the operation; Line C meant the ideal and
shortest path for treatment of the inferior A3As.
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Figure 4: lllustration demonstrating the right-sided anterior in-
terhemispheric keyhole approach suitable for treatment of A3As,
regardless of its location at left or right side.

operative angle and space. Ultimately, these aneurysms
including the inferior A3As were successfully obliterated via
anterior interhemispheric keyhole approach. And one patient
with two aneurysms (a ruptured A3As and an unruptured
aneurysm at the A1 segment of ACA) underwent single-stage
clipping. There were no cerebral ischemia detected by SEP
and/or MEP monitoring and no vascular stenosis detected
by TCD during these aneurysm surgeries. Mean duration of
surgery from skin incision to wound closure was 100 min.
with a range of 70 min. to 135 min. There were no severe
interhemispheric keyhole approach related complications and
no postoperative infections in the thirteen patients. Secondary
intracranial haemorrhage and aneurysmal neck remnants
were not detected by postoperative and follow-up images in
those patients (Figure 6A-H). One patient with severe cerebral
vasospasm detected by preoperative CTA developed no
aggravation of cerebral vasospasm; the other twelve patients
also developed no severe cerebral vasospasm or neurological
deficit. Mean length of hospital stay after surgery was 9.0
days (range 8 to 11 days). And the postoperative functional
capacities of all these patients evaluated by GOS were normal
six months later.

B DISCUSSION

Keyhole microsurgery, as an important branch of modern
minimally invasive neurosurgery, has been widely used
in intracranial lesions surgery, and the “keyhole” effect is
especially suitable for treatment of lesions deeply seated in the

Figure 5: lllustration demonstrating the procedures of the A3As clipping. A) dissection of the interhemispheric fissure; B) exposure of
the aneurysm(arrow); C) exposure of proximal end of the parent artery; D) temporary occlusion of parent artery and the unveiling of the
aneurysm neck; E) aneurysm clipping; F) removal of the temporary clips.
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brain (22). It is confirmed that the traditional interhemispheric
approach could be utilized to manage the distal ACA
aneurysms including the A3As. If the A3As are located at the
A2-A3 junction, then a frontal, or a bifrontal, or a subfrontal
approach may be the choice of treatment (2,4,5,43). But none
of them show minimally invasive advantages. Although the
interhemispheric approach with the incision on the forehead
wrinkle had been applied to the ACA aneurysm clipping
successfully (8), the patients would feel forehead numbness
postoperatively because of supraorbital nerve injury, and
opening frontal sinus would increase the risk of infection (44).
Therefore, the anterior interhemispheric keyhole approach
with minimally invasive advantages was introduced into the
treatment of the A3As. This article showed thirteen A3As and
one A1A at our single institution were clipped successfully via
anterior interhemispheric keyhole approach, and no severe
keyhole approach related complications were detected. Here
we show our preliminary experience:

1. The optimal location of the scalp incision and bone flap
should be defined according to the anatomical location of
aneurysm. And the exposure of the bone flap depends on the
location of aneurysm in relation to the corpus callosum and
intracerebral hemorrhages (24).

2. The procedures of aneurysm clipping through keyhole ap-
proach need elaborate design. And the anterior interhemi-
spheric keyhole approach with a hairline incision across the
midline depicted in this article is more suitable for the superior
and anterior A3As (38) (Figures 2, 3). Although the bone flap
is small, the sufficient intraoperative space in the anterior in-
terhemispheric keyhole approach could be obtained through
the drainage of the ventricular CSF and the adjustment of mi-
croscope, and the A3As (including the inferior A3As) and the
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Figure 6: Ruptured anterior A3A (arrow) as seen on (A) preoperative CT, (B,C) preoperatlve CTA, (D) postoperative CT (E,F) postoperatlve
CTA, and (G,H) postoperative MRI.

proximal segment of parent arteries could be visible and the
aneurysm clipping could be performed successfully.

3. It showed aesthetic advantages that the anterior inter-
hemispheric keyhole approach with a hairline incision across
the midline could prevent scarring on the forehead outside
the hairline (Figures 2, 3). And patients did not feel forehead
numbness because of no injury to the supraorbital nerve. In
addition, it also helps avoid the risk of infection because of no
opening to the frontal sinus after surgery.

4. Regardless of the locations of the A3As, the right-sided
anterior interhemispheric keyhole approach could be chosen
to avoid iatrogenic traumatizing to dominant hemisphere,
and it is also convenient for a right-handed neurosurgeon
(24) (Figure 4). However, the ipsilateral keyhole approach
should be chosen as the optimal treatment of the A3As with
hemorrhages in frontal lobe which should be removed during
operations.

5. A miss is as good as a mile, and a small deviation of the
incision or the bone flap in the keyhole approach could make
the intraoperative aneurysms and the proximal end of their
parent artery become invisible, and then operation will not
proceed favorably. Therefore, the incision and the bone flap
should also be precisely positioned during operation.

6. The dome of the aneurysm may be densely fixed on the pia
layer of the cingulate gyrus, or it may even be within the gyrus
(50). Therefore, the patients’ images should be carefully evalu-
ated to ascertain the dome projection and the neck configura-
tion of the aneurysm before surgery, and frontal lobe should
be retracted carefully and minimally to avoid intraoperative
premature rupture of the aneurysms and iatrogenic traumatiz-
ing to frontal lobe during operation.
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7. The anterior interhemispheric keyhole approach here did
not prolong duration of surgery dramatically. Our surgeries
showed that the mean duration from scalp incision to wound
closure was 100 min.

8. If the aneurysms are difficult to locate intraoperatively
due to variation of anatomical landmarks in their vicinity
for the orientation inside the interhemispheric fissure, the
neuronavigation will be helpful in finding the correct angle
and approach to the aneurysm (16,42). Although the brain
shift occurs and makes the neuronavigation unreliable after
CSF being drained from the ventricular system, it is known
that the relative distance from the aneurysm to the genu of
the corpus callosum and pericallosal artery is fixed, which
is relatively less influenced by the brain shift. Therefore,
the aneurysm would be found, after the genu of the corpus
callosum or pericallosal artery was unveiled. In addition, the
application of the assistive technologies such as intraoperative
neurophysiological monitoring (14) and TCD (1,12,29) make it
possible to promptly adjust surgical procedures and minimize
postoperative neurological deficits. It is worthy to note there
exits a close relationship between reduced cerebral blood
flow and reduction in SEP amplitude, and SEP monitoring is
widely used in detecting cerebral ischemia. It is found that
maintaining ischemia tolerance ratio (ITRs) less than 50% will
avoid postoperative neurological deficits during operation,
while an ITRs above 80% predicts them (14). Therefore, SEP
warning criterion is also suitable for monitoring the ischemic
changes to brain tissue supplied by the arteries of ACA. And
there were no cerebral ischemia detected by intraoperative
SEP and/or MEP monitoring in these patients.

9. It is recommended that external ventricular drainage is
performed for removal of CSF to obtain more intraoperative
space during ruptured aneurysm surgery via anterior inter-
hemispheric keyhole approach, because the flow of CSF may
be obstructed by subarachnoid clot after SAH, and the CSF
cannot be easily removed from the subarachnoid space of in-
terhemispheric fissure. If the A3A is unruptured, it also can be
clipped successfully via this approach. However, the exter-
nal ventricular drainage is not necessary for removal of CSF,
which can be more easily removed from the interhemispheric
fissure because subarachnoid space is unobstructed. In ad-
dition, the measure of ICP is also helpful for the adjustment of
dehydrating agent. External drain of the CSF may reduce the
risk of cerebral vasospasm in patients with SAH (37), reduce
the dosage of mannitol and prevent mannitol-induced acute
renal failure.

10. Because of the small bone window and the narrow space
in the interhemispheric fissure, the anterior interhemispheric
keyhole approach imposes high requirements upon microma-
nipulation and microscopic devices (8). In other words, ex-
cellent micromanipulation and advanced microscopic devices
can make a perfect ending for anterior interhemispheric key-
hole approach.

However, parts of the special challenges of the A3As listed by
Yasargil (50) and Lehecka et al. (24,25) were not encountered
here. For example, we did not meet sclerotic wall and broad-
base of the aneurysm which would make clip placement
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difficult. Therefore, further studies are necessary to evaluate
the feasibility and benefits of the anterior interhemispheric
keyhole approach for the management of A3As.

B CONCLUSION

The anterior interhemispheric keyhole approach combined with
external ventricular drainage is a safe and effective craniotomy
technique for treatment of the saccular A3As including the
inferior ABAs. And it prevents scarring on the forehead outside
the hairline and shows its aesthetic and minimally invasive
advantages, including minimal exposure and disruption
of normal anatomy. The anterior interhemispheric keyhole
approaches in the hands of experienced neurosurgeons with
excellent and meticulous microsurgical techniques may be
quick and invasive alternatives for treatment of A3As.
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