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ABSTRACT

AIM: To explore the surgical approach, technique and clinical effect of treating basilar bifurcation aneurysms.    
MATERIAL and METHODS: The clinical data of basilar bifurcation aneurysms treated by neuro-microsurgery are retrospectively 
analyzed in from September 2013 to September 2018. The aneurysms were treated via subtemporal approach and frontotemporal 
approach. The results were evaluated according to Glasgow Outcome Scores (GOS) and postoperative imaging results. 
RESULTS: There were 28 aneurysms located at the bifurcation of basilar artery in 27 patients and 1 case had multi-aneurysms. 8 
cases underwent via subtemporal approach and 19 via frontotemporal approach. The operation time was 2.8-4.6 hours, the average 
time were 3.3 hours. The hospitalization time was 3-6 weeks, the average time was 3.8 weeks. Overall, good outcome (GOS score of 
4-5) at 6 months was achieved in 77.8% of the living patients. The posterior thalamic perforator artery infarction occurred in 1 cases, 
and the ventriculoperitoneal shunting was performed in 2 cases due to communicating hydrocephalus. During the following-up 
period, 25 patients underwent head CTA examination. The CTA showed that all aneurysms were completely clipped, no aneurysm 
recurrence was found, the blood flow of the parent artery was unobstructed, and 2 patients were lost to follow-up. 13 patients had 
oculomotor nerve palsy, and all but 3 of them recovered during following-up. 
CONCLUSION: The satisfactory results were achieved by microsurgical clipping for basilar bifurcation aneurysms. According to 
the location and projection of aneurysms, personalized treatment is chosen. Trans-frontotemporal approach is the most suitable 
approach for the treatment of upper basilar bifurcation aneurysms, especially under subarachnoid hemorrhage causing brain 
swelling conditions.
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█   INTRODUCTION

Basilar artery bifurcation aneurysms are intracranial 
aneurysms in which the basilar artery originates from 
both branches of the posterior cerebral artery. Surgical 

treatment is challenging because of their deep location, 
complex anatomy, abundant perforating vessels, and large 
and irregular shapes (2). Because of the advancement of 
interventional techniques, most of these aneurysms can 
achieve good results through coiling (17,22).

However, microsurgical clipping is still applicable to basilar 
artery bifurcation aneurysms, especially in complex aneurysms 
(22). A well-known subtemporal approach by Gonzalez (2) and 
a frontotemporal approach (the pretemporal transzygomatic 
transcavernous approach) by Krisht (6) have been commonly 
used by most neurosurgeons to treat basilar artery bifurcation 
aneurysms. At present, the treatment of this kind of aneurysm 
is mainly a single approach reported in the literature, and few 
studies have compared the two approaches according to the 
characteristics of aneurysms. The aims of the present study 
were to introduce the experience of individualized selection 
of surgical approach according to the anatomic relationship 
and preoperative imaging examination of aneurysms and to 
compare the indications for the two surgical approaches for 
this type of aneurysm.

█   MATERIAL and METHODS
Clinical Data

Twenty-seven patients with basilar bifurcation aneurysms 
admitted to the neurosurgery department of our hospital from 
September 2013 to September 2018 were enrolled in this 
study. Among them, 11 were males and 16 were females, 
ranging in age from 41 to 72 years, with an average age of 
56.1 years. The presence of basilar bifurcation aneurysms 
was confirmed with digital subtraction angiography (DSA) 
(Figure 1), which found a total of 28 aneurysms (including 1 
multiple aneurysm located in the left internal carotid artery 
ophthalmic segment). The diameters were 2-15 mm, and 
the parent artery was the basilar artery. All of them were 
diagnosed with spontaneous subarachnoid hemorrhage 
(SAH), including 2 cases with intraventricular hematoma. The 
clinical manifestations were sudden severe headache in 27 
cases, meningeal irritation in 27 cases, nausea and vomiting 
in 24 cases, and visual impairment in 1 case. The Hunt-Hess 
scale showed grade II aneurysms in 23 cases, grade III in 3 
cases and grade IV in 1 case. The Fisher score was estimated 
for bleeding volume: grade 2 in 4 cases, grade 3 in 20 cases 
and grade 4 in 3 cases (Table I).

Figure 1: The patient (case 21 in Table 
I) was hospitalized for 2 days due to 
sudden headache and vomiting.
A) The preoperative axial CT showed 
subarachnoid hemorrhage; B) the 
preoperative CTA showed basilar 
bifurcation aneurysm; C) the DSA 
(posterior anterior) showed basilar 
bifurcation aneurysm; D) the DSA 
showed the other aneurysm locating 
in the right ophthalmic segment of the 
internal carotid.
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Table I: Patient Characteristic and Clinical Data

No
Gender/

Age 
(Year)

Size 
(mm)

H&H 
Grade

Fisher 
grading Location Relationship 

with PCP 

Dome 
projection Approach Postoperative 

complications 

Radio-
logical 
outco-

mes

GOS
(Follow-

Up)

1 41/M 4 x 5 Ⅱ 2 BA Above Anterior FA None CO 4

2 51/M 6 x 5 Ⅱ 3 BA Above Anterior SA None CO 4

3 48/F 2 x 3 Ⅱ 3 BA Above Anterior FA None CO 5

4 56/M 6 x 6 Ⅱ 2 BA Below Posterior SA None CO 5

5 61/F 5 x 7 IV 3 BA Above Anterior FA CN III Palsy CO 3

6 58/F 6 x 4 Ⅱ 3 BA Above Posterior 
Inferior FA None CO 4

7 47/M 5 x 8 Ⅱ 3 BA Below Posterior SA None NCO 4

8 58/F 5 x 7 Ⅱ 3 BA Above Anterior FA None CO 4

9 51/F 5 x 9 III 4 BA Above Anterior FA Hydrocephalus CO 3

10 63/M 7 x 11 Ⅱ 3 BA Above Anterior FA None CO 4

11 55/F 6 x 8 Ⅱ 2 BA Above Posterior FA None CO 5

12 54/F 3 x 6 Ⅱ 3 BA Above Anterior FA None CO 4

13 47/M 6 x 9 Ⅱ 3 BA Below Posterior 
Inferior SA None CO 4

14 68/F 4 x 4 Ⅱ 3 BA Above Anterior FA Pneumonia CO N/A

15 59/M 9 x 10 Ⅱ 3 BA Below Posterior 
Inferior SA CN III Palsy NCO 4

16 53/F 8 x 11 Ⅱ 2 BA Above Anterior FA None CO 5

17 43/M 9 x 7 Ⅱ 3 BA Below Posterior SA None CO 4

18 66/F 2 x 3 Ⅱ 3 BA Above Anterior FA None CO 5

19 69/F 3 x 5 III 4 BA Above Anterior FA CN III Palsy
Hydrocephalus CO 3

20 73M 4 x 5 Ⅱ 3 BA Above Anterior FA None CO N/A

21 59/F 7 x 8
2 x 3 Ⅱ 3 BA, 

OA
Above
None

Anterior
Interior FA None NCO 5

22 51/F 5 x 5 Ⅱ 3 BA Above Anterior FA Pneumonia CO 4

23 60/F 4 x 6 Ⅱ 3 BA Below Anterior SA None CO 4

24 50/M 9 x 15 Ⅱ 3 BA Above Anterior FA None CO 5

25 72/F 3 x 4 Ⅱ 3 BA Below Posterior SA None CO 5

26 48/M 4 x 6 III 4 BA Above Anterior FA Thalamic infarct CO 3

27 52/F 3 x 5 Ⅱ 3 BA Above Anterior FA None CO 4

HH: Hunt-Hess, SAH: Subarachnoid hemorrhage, F: Female, M: Male, BA: Basilar bifurcation, OA: Ophthalmic artery, FA: Frontotemporal 
approach, SA: Subtemporal approach, PCP: Posterior clinoid process, CO: Complete occlusion, NCO: Nearly complete occlusion.
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position and the frontotemporal craniotomy was achieved 
via an interfascial approach. The relationship between the 
neck of the aneurysm and the posterior clinoid process was 
evaluated emphatically. When the neck of the aneurysm was 
1.5 cm higher than that of the posterior clinoid process or 
when the body of the aneurysm was larger, recommendations 
included removing the zygomatic arch or abrading the lateral 
orbital wall. After opening the dura mater, the cerebrospinal 
fluid was fully released by opening the cistern and entering 
from the internal carotid-oculomotor nerve triangle or the 
internal carotid-optic nerve triangle. This was separated from 
the ipsilateral posterior cerebral artery P2 segment to the 
proximal part. The next step was to expose the ipsilateral 
posterior cerebral artery P1 segment, the upper basilar artery, 
the contralateral posterior cerebral artery P1 segment and the 
P2 segment. Finally, the neck and body of the aneurysm was 
separated and clipped (Figure 2).

Evaluation Indicators and Following Up

(1) Clinical indicators were as follows: operative time, hospital 
stay, postoperative complications and Glasgow Outcome 
Scale (GOS) score at the 6-month follow-up. GOS scores were 
as follows: 1 for death; 2 for plant survival with only minimal 
response (e.g., eyes open with sleep/wake cycle); 3 for severe 
disability, awakening, disability, daily life requires care; 4 for 
mild disability, but the patients can live independently and 

Research Methods

None of the patients were able to receive interventional 
embolization because of economic and vascular tortuosity. 
Craniotomy via subtemporal or frontotemporal injection 
was performed under general anesthesia. The subtemporal 
approach is suitable for the treatment of low aneurysms with 
a posterior projection that are slightly higher, flat or lower than 
the posterior clinoid process. The frontotemporal approach is 
mainly suitable for upper aneurysms with a forward projection, 
when the body of the aneurysm is larger and the neck width 
is wide; and the top of the basilar artery is higher than the 
posterior clinoid process. All 27 patients received surgical 
treatment within two weeks after admission. 

Subtemporal approach: The patient was in the left supine 
position and underwent lumbar cistern drainage. Right temporal 
craniotomy was selected with a flat bone window in the middle 
cranial fossa base. The next steps were to perform lumbar 
cistern drainage to release cerebrospinal fluid, to enter from 
the base of the temporal lobe after brain tissue collapse, to cut 
the tentorium of the cerebellum and to expose the P2 segment 
of the posterior cerebral artery. Then, the proximal part was 
separated and revealed, including the bilateral P1 segment, 
basilar artery and neck of the aneurysm. after satisfactory 
separation, the aneurysm was clipped. Transfrontotemporal 
approach: The patients were routinely treated in the supine 

Figure 2: The left frontotemporal approach was used to remove the zygomatic arch, grind the anterior clinoid process, open part of the 
lateral wall of the cavernous sinus, and clip two aneurysms in one stage. A) The lateral and superior walls of the cavernous sinus were 
opened partly in parallel with the oculomotor nerve to reveal the main basilar artery; B) the clipped aneurysms of the basilar artery; C)
intraoperative indocyanine green angiography showed that the basilar artery and bilateral posterior cerebral arteries were unobstructed 
and the aneurysms was completely clipped; D) the ophthalmic aneurysms of the contralateral internal carotid artery were clamped by 
the same approach. Postoperative imaging examination. E) The postoperative CT showed no intracranial hemorrhage and infarction 
in important functional areas; F-H) the postoperative CTA showed that the basilar aneurysm and the right ophthalmic aneurysm were 
completely clipped, and the clipped aneurysms did not recur, and parent artery blood flow was unobstructed.
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(mean 28.6 months). During the follow-up period, head CTA 
was performed in 25 patients at 6 months after the operation. 
The results showed that the blood flow of the parent artery 
was smooth, the aneurysms were completely clamped, the 
clipped aneurysms did not recur, and 2 cases were lost to 
follow-up (Figure 2). Thirteen patients had oculomotor nerve 
palsy, and all but 3 of them recovered during follow-up.

█   ILLUSTRATIVE CASES
Illustrative Case 1

The patient (case 15 in Table I) presented with sudden severe 
headache. Preoperative CTA and angiography showed diffuse 
subarachnoid hemorrhage and a 9-mm aneurysm at the 
basilar bifurcation (Figure 3A, B). We used frontotemporal 
approach in the operation. We used the frontotemporal 
approach during the operation. Because of the high location of 
the aneurysm, the zygomatic arch osteotomy was used. She 
had no neurologic deficits after operation, and postoperative 
CTA showed complete obliteration of the aneurysm (Figure 
3C, D). A follow-up at 6 months showed that patient’s GOS 
score was 4. 

Illustrative Case 2

The patient (case 25 in Table I) presented with sudden severe 
headache. Preoperative CTA and angiography showed a 
4-mm aneurysm at the basilar bifurcation (Figure 3E, F). We 
used subtemporal approach in the operation. According 

work with protection; 5 for recovery, normal life, without any 
disability (2). The imaging indicator was a head CTA performed 
6 months after the operation.

█   RESULTS
The aneurysms of 27 patients were diagnosed as bifurcations 
of the basilar artery. All aneurysms were ruptured aneurysms. 
One patient had multiple aneurysms, and another patient had 
an aneurysm located in the ophthalmic segment of the left 
internal carotid artery. Among them, 8 patients underwent the 
subtemporal approach, and 19 patients underwent the frontal 
approach. All patients underwent surgery smoothly without 
blood transfusion. The operation time was 2.8-4.6 hours for 
an average of 3.3 hours, and the length of hospitalization 
was 3-6 weeks for an average of 3.8 weeks. Postoperative 
complications included thalamic brainstem ischemia caused 
by perforator artery ischemia in 1 case. Consciousness 
and limb movement disturbance occurred in 1 case with 
tracheotomy due to intrapulmonary infection on the 4th day 
after the operation. Ventricular drainage was performed 
because of acute communicating hydrocephalus in 2 cases, 
and the hydrocephalus was relieved after ventriculoperitoneal 
shunting. Pneumonia occurred in 2 cases after the operation 
and was improved with medication. There were no cases of 
intracranial infection or death. Overall, positive outcomes 
(GOS score of 4-5) at 6 months were achieved in 77.8% of 
the living patients. The follow-up period was 6 to 56 months 

Figure 3: A-D) The patient (case 15 in Table I) was hospitalized due to sudden headache. A, B) The preoperative DSA showed basilar 
bifurcation aneurysm and the diameter of the aneurysm was 9mm. The right frontotemporal approach was used. C, D) The postoperative 
CTA showed that the basilar aneurysm was completely clipped and parent artery blood flow was unobstructed. E-H) The patient (case 
25 in Table I) was hospitalized due to sudden headache and vomiting. E, F) The preoperative DSA showed basilar bifurcation aneurysm 
and the diameter of the aneurysm was 4mm. The right subtemporal approach was used. G, H) The postoperative CTA showed that the 
basilar aneurysm was completely clipped and parent artery blood flow was unobstructed.
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If the mastoid air chamber was opened, the bone wax was 
sealed in time or blocked with fat. The cerebrospinal fluid is 
released with the drainage system by lumbar puncturing before 
craniotomy. The brain tissue is retracted to a certain extent, 
thus forming a more relaxed operative space between the brain 
tissue and the skull base. This will make it easier to gently pull 
the temporal lobe and protect Labbe’s vein from tearing it up 
after lifting the temporal lobe. To avoid injury to the trochlear 
nerve, the tentorial margin of the cerebellum can be raised by 
a meningeal hook, and then the tentorial margin can be cut 
(4). 2) If the intracranial pressure is high via the frontotemporal 
approach, the ventricle can be punctured by modified Paine’s 
point (7). After the cerebrospinal fluid is sucked from the lateral 
ventricle, the traction to the brain tissue will be reduced. After 
opening the Sylvian fissure, the cistern of the carotid artery 
and optic chiasm, the cerebrospinal fluid is fully released to 
enter from the internal carotid artery-oculomotor nerve triangle 
or optic nerve-internal carotid artery triangle. The relationship 
between the aneurysmal neck and posterior clinoid process, 
especially upper aneurysms or larger aneurysms 1.5 cm 
above the posterior clinoid process, requires removal of the 
zygomatic arch or “eggshell” technology to grind the lateral 
orbital wall to increase the observation angle. To fully expose 
the aneurysm, the anterior clinoid process can be removed 
to increase the operative field when the parent artery is 
difficult to expose, even it requires opening the lateral wall of 
the cavernous sinus or sacrificing the nondominant anterior 
temporal artery if necessary (3).

The subtemporal approach was initiated and described in 
detail by Gonzalez et al. and Spetzler et al. for the treatment 
of basilar bifurcation aneurysms (2,17). The advantages of this 
approach are that the operative path is short, the operation is 
relatively simple, the deep skull base structure does not need 
to be abraded, and the tentorial margin of the cerebellum 
can be cut off to obtain a larger space. The aneurysm and 
the perforating branch artery posteriorly are observed, and 
the proximal basilar artery can be dissected and controlled, 
then the neck can be exposed. The disadvantage is that the 
P1 segment of the contralateral posterior cerebral artery and 
its perforator artery are “blind spots”, and there is a risk of 
misclipping. The temporal lobe is retracted excessively, and 
temporal lobe contusion and Labbe’s vein injury may occur. 
Hernesniemi et al. considered that the subtemporal approach 
is suitable for the surgical treatment of most basilar bifurcation 
aneurysms (3). The subtemporal approach was used in 8 
cases in this group, and the results were good. 

Microsurgery via the frontotemporal approach mainly 
addresses upper aneurysms, as the location of the neck is 
higher than the horizontal line of the anterior skull base or the 
posterior clinoid process, and larger aneurysms, aneurysms 
with wide necks and aneurysms in young patients. The 
advantages of this approach are that the temporal lobe is 
less retracted, and the natural space of the lateral fissure can 
be used in dissection to avoid damaging Labbe’s vein. It can 
be simultaneously observed to the interphalangeal cistern, 
P1 segment of bilateral posterior cerebral artery and partial 
perforating artery (5,20). This approach can be used to treat 
ipsilateral anterior circulation aneurysms at the same time as 

to the preoperative evaluation, we used the subtemporal 
approach during the operation. She had no neurologic deficits 
after operation, and postoperative CTA showed complete 
obliteration of the aneurysm (Figure 3G, H). A follow-up at 6 
months showed that patient’s GOS score was 4.

█   DISCUSSION
Basilar artery bifurcation aneurysms, also known as basilar 
tip aneurysms, are a common type of posterior circulation 
aneurysm, accounting for 5%-15% of all intracranial aneurysms 
and more than 50% of posterior circulation aneurysms (18, 
21). Compared with anterior circulation aneurysms, ruptured 
basilar artery bifurcation aneurysms have higher mortality and 
disability rates. Once the diagnosis is clear, surgical treatment 
should follow (10).

At present, the most common methods are interventional 
embolization and traditional craniotomy to treat the posterior 
circulation aneurysms (11,13,21). This method is usually 
the first choice for basilar aneurysms with interventional 
embolization (9). Craniotomy is also a safe and effective 
choice for patients with difficult interventional embolization 
(14,16). The reasons for surgical clipping treatment of all 
patients included in this study are as follows: First, compared 
with interventional therapy, surgical clipping should warrant 
better rates of aneurysmal exclusion and retreatment (15). 
Second, for aneurysms with complex neck morphologies, 
aneurysms close to important perforating arteries or tortuous 
vascular paths, we prefer surgical clipping for safety reasons. 
Finally, the cost of surgery in the developing world is also 
a consideration. Surgical clipping is less expensive than 
interventional treatment. There were 26 patients with Hunt-
Hess grades I and Ⅱ, and only one patient had Hunt-Hess 
grade Ⅲ. We did not choose open surgery in the acute stage 
of hemorrhage. After 10-14 days of hemorrhage, when 
subarachnoid hemorrhage was almost completely absorbed 
and the patient was stable, and following evaluation, we 
chose clipping therapy.

Preoperative imaging examinations are crucial in choosing an 
appropriate surgical approach. The relationship between the 
aneurysmal neck and posterior clinoid process, size, projection, 
and perforator vessels are considered comprehensively. The 
purpose is to show the aneurysm well and reduce traction and 
injury to nerves, blood vessels and brain tissue (18). The most 
important step is to understand the relationship between the 
position of the top of the basilar artery and the horizontal line 
of the anterior skull base or the posterior clinoid process (21). 
In this study, 8 patients were treated using the subtemporal 
approach, and 19 cases were treated with the frontotemporal 
approach.

The microsurgical treatment of basilar aneurysms is limited in 
time and space. One of the most critical steps for successful 
surgery is to create a larger operating space and visual angle 
by removing bone, releasing cerebrospinal fluid, ventilating the 
site and administering medication (mannitol) (21). 1) The bone 
is removed at the mid-level skull base via the subtemporal 
approach, which makes it easier to enter from the skull base. 
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█   CONCLUSION
Satisfactory results were achieved by microsurgical clipping 
for basilar bifurcation aneurysms. According to the location 
and projection of aneurysms, personalized treatment was 
chosen. The transfrontotemporal approach is the most 
suitable approach for the treatment of upper basilar bifurcation 
aneurysms, especially under subarachnoid hemorrhage 
causing brain swelling.
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