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Objective : To select a surgical approach for aneurysm clipping by com-
paring 2 approaches.

Materials and Methods : 204 patients diagnosed with subarachnoid hem-
orrhage treated by the same neurosurgeon at a single institution from 
November 2011 to October 2013, 109 underwent surgical clipping. 
Among these, 40 patients with Hunt and Hess or Fisher grades 2 or 
lower were selected. Patients were assigned to Group 1 (supraorbital key-
hole approach) or Group 2 (modified supraorbital approach). The prog-
nosis according to the difference between the two surgical approaches 
was retrospectively compared.  

Results : Supraorbital keyhole approach (Group 1) was performed in 20 
aneurysms (50%) and modified supraorbital approach (Group 2) was used 
in 20 aneurysms. Baseline characteristics of patients did not differ sig-
nificantly between two groups. Total operative time (p = 0.226), early 
ambulation time (p = 0.755), length of hospital stay (p = 0.784), Glasgow 
Coma Scale at discharge (p = 0.325), and Glasgow Outcome Scale scores 
(p = 0.427) did not show statistically significant differences. The amount 
of intraoperative hemorrhage was significantly lower in the supraorbital 
keyhole approach (p < 0.05).

Conclusion : The present series demonstrates the safety and feasibility of 
the two minimal invasive surgical techniques for clipping the intracranial 
aneurysms. The modified supraorbital keyhole approach was associated 
with more hemorrhage than the previous supraorbital keyhole approach, 
but did not exhibit differences in clinical results, and provided a better 
surgical view and convenience for surgeons in patients with Hunt and 
Hess or Fisher grades 2 or lower.
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INTRODUCTION

Among the intracranial aneurysm surgical clipping 

approaches that have been developed, the most ac-

cepted is the pterional approach described by Yasargil 

and Fox.21) However, the conventional pterional ap-

proach has potential side effects, such as excessive 

hemorrhage, pain, muscular atrophy caused by the 

severing and exfoliating the temporalis muscle, asym-

metrical facial shape, and damage to the stem of the 
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Fig. 1. Surgical methods to the anterior circulation aneurysm clipping. (A) Group 1 (Supraorbital keyhole approach), (B) Group 2 
(Modified supraorbital keyhole approach). Tm = temporalis muscle; F = frontal lobe; K = key hole.

facial muscles.7)15) The some types of supraorbital ap-

proach was developed as an alternative to the pter-

ional approach because of these side effects, and led 

to the introduction of the transciliary supraorbital 

keyhole approach, both of which are widely used 

today.2)4)13)16)20) However, supraorbital keyhole ap-

proaches have drawbacks, including limitation of the 

surgical view and space, and the risk of damage to 

the frontalis branch of the facial nerve.6)11)

Accordingly, this study aimed to retrospectively 

compare the clinical results in patients who under-

went the two supraorbital approaches (supraorbital 

keyhole approach vs. modified supraorbital approach).

MATERIALS AND METHODS

Patients

A total of 204 patients were diagnosed with sub-

arachnoid hemorrhage caused by a ruptured intra-

cranial aneurysm in a single medical center between 

November 2011 and October 2013. Among these, 109 

cases underwent clipping by the same neurosurgeon. 

The conventional supraorbital keyhole approach 

were allocated to Group 1, and those who underwent 

the modified supraorbital approach were allocated to 

Group 2. We set the inclusion criteria for sub-

arachnoid hemorrhage patients to select those with 

Hunt and Hess and Fisher grades 2 or lower in order 

to create similar preoperative clinical conditions. 

Patients with a previous history of an intracranial le-

sion were excluded. Finally, 40 aneurysms were in-

cluded in the study.

The clinical results evaluated included total oper-

ative time, extent of intraoperative hemorrhage, early 

ambulation time, duration of hospital stay, and dis-

charge Glasgow Outcome Scale (GOS) score. Total op-

erative time was defined as the time from the start to 

end of general anesthesia. To assess the extent of in-

traoperative hemorrhage, we used the following val-

ues: estimated blood loss (EBL), pre and post-oper-

ative hematocrit (Hct) change, and transfusion volume. 

Operative technique

In Group 1 (supraorbital keyhole approach), the skin 

incision was started medial to the supraorbital notch 

and beyond the tail of the eyebrow. A small keyhole 

was made at the frontozygomatic suture, and an ap-

proximate 2 × 2-cm craniotomy was performed (Fig. 1A).

In Group 2 (modified supraorbital keyhole ap-

proach), with a conventional pterional skin incision 

and inter-fascial dissection, the superolateral orbital 

rim was exposed. A minimal dissection of the tempo-

ralis muscle was performed from the anterior aspect 

of the supratemporal ridge. A keyhole was made 

about 0.5 cm down the frontozygomatic suture. An 

approximate 3 × 3-cm frontotemporal craniotomy was 
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Group 1 Group 2 Total p value

Age Mean ± SD 57.10 ± 11.17 57.60 ± 15.12 57.35 ± 13.12 0.906

≤ 49 5 (25.0) 6 (30.0) 11 (27.5) 0.924

50-59 7 (35.0) 7 (35.0) 14 (35.0)

≥ 60 8 (40.0) 7 (35.0) 15 (37.5)

Sex Male 10 (50.0) 10 (50.0) 20 (50.0) 1.000

Female 10 (50.0) 10 (50.0) 20 (50.0)

Total 20 (100.0) 20 (100.0) 40 (100.0)

Values are presented as mean ± SD or n (%).
SD = standard deviation

Table 1. Clinical characteristics of the patients

made, including a part of the superior orbital wall 

(Fig. 1B). 

After the craniotomy was completed, the operative 

technique did not differ between the groups. The du-

ra was opened in semicircular fashion over the 

Sylvian fissure. If the brain was tight despite man-

nitol, cerebrospinal fluid was removed by intra-

operative ventriculostomy at Paine's point or a modi-

fied Paine's point.12)14) Arachnoid fissure dissection 

was generally performed laterally to medially, but oc-

casionally medially to laterally. Whenever possible, 

veins of the Sylvian fissure and sphenoparietal sinus 

were preserved to minimize venous congestion. We 

performed complete proximal artery control to enable 

a prompt response to intraoperative aneurysm rup-

ture, and carefully dissected arterioles around the 

neck of the ruptured aneurysm. When there was athe-

rosclerotic change of the neck of the aneurysm, we 

slightly adjusted the location of the clip. 

Data analysis

All analyses were performed using SPSS ver. 19.0 

for Windows (SPSS Inc., Chicago, IL, USA). Results 

are presented as mean ± standard deviation (SD). 

Student's t-test or the chi-square test was used to 

identify differences between the groups. A p-value of 

<0.05 was considered significant.

RESULTS

The mean age of the study subjects was 57.35, and 

there were 10 males and 10 females in each group. 

There were no statistically significant differences in 

sex and age between the two groups (Table 1). The 

Hunter Hess grade (1.50 ± 0.61 vs. 1.50 ± 0.61, p = 

0.780) and Fisher grade (1.65 ± 0.49 vs. 1.40 ± 0.50, p 

= 0.119) also did not show statistically significant dif-

ferences between the two groups. The mean operative 

time was 5.34 ± 1.11 h in Group 1, and 5.75 ± 1.02 h 

in Group 2 (p = 0.226). 

EBL, Hct change, and total amount of blood trans-

fused showed statistically significant differences be-

tween groups (p < 0.05). In particular, the values were 

lower in the supraorbital group than in the modified 

supraorbital approach (Table 2). EBL was 192.00 ± 

33.02 mL in Group 1 and 632.50 ± 86.26 mL in Group 

2 (p < 0.05). Pre- and postoperative Hct change was 

4.15 ± 1.73 in Group 1 and 8.70 ± 1.38 in Group 2 (p 

< 0.05). The total amount of blood transfused was 

125.00 ± 151.74 mL in Group 1 and 500.00 ± 114.71 

mL in Group 2 (p < 0.05).

Early ambulation time, length of hospital stay did 

not show statistically significant differences. Early am-

bulation time was 9.30 ± 2.87 days in Group 1 and 

9.00 ± 3.16 days in Group 2 (p = 0.755), and total hos-

pital stay was 18.20 ± 7.05 days in Group 1 and 17.65 

± 5.45 days in Group 2 (p = 0.784).

No statistical differences were observed in Admission 

Glasgow Coma Scale (GCS) score (p = 0.752) and 

Discharge GOS (p = 0.427).

In group 1, postoperative complications included 

death (due to acute respiratory distress syndrome 
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Group 1 Group 2 p value

Hunt-Hess grade 1.50 ± 0.61 1.45 ± 0.51 0.780

Fisher grade 1.65 ± 0.49 1.40 ± 0.50 0.119

Operation time (hour) 5.34 ± 1.11 5.75 ± 1.02 0.226

EBL (mL) 192.00 ± 33.02 632.50 ± 86.26 0.000*

Hct change 4.15 ± 1.73 8.70 ± 1.38 0.000*

Total transfusion volume 125.00 ± 151.74 500.00 ± 114.71 0.000*

Early ambulation time (day) 9.30 ± 2.87 9.00 ± 3.16 0.755

Hospital stay (day) 18.20 ± 7.05 17.65 ± 5.45 0.784

Admission GCS 14.60 ± 0.50 14.65 ± 0.49 0.752

Discharge GCS 14.05 ± 2.65 14.65 ± 0.49 0.325

Discharge GOS 4.40 ± 0.94 4.60 ± 0.60 0.427

Values are presented as mean ± SD.
EBL = estimated blood loss; Hct = hematocrit; GCS = Glasgow coma scale; GOS = Glasgow outcome scale

Table 2. Comparison of clinical results different surgical approaches to the cerebral aneurysm clipping

caused by postoperative pneumonia in 1), sympto-

matic vasospasm (1 patient), and cerebral artery in-

farction (1 patient). In Group 2, 2 patients had symp-

tomatic vasospasm, and 1 had a frontal sinus opening. 

Patients of Group 1 were satisfied with their appear-

ance, and were happy to have avoided a head shave. 

However, 2 patients had postoperative frontal muscle 

weakness and numbness. Those complications were 

completely resolved within six months. In Group 2, 

there were no symptoms of facial nerve palsy. Both 

groups had no complications for surgical wounds, in-

cluding orbital swelling, depression of the operated 

site.

DISCUSSION

The pterional approach for aneurysm clipping, 

which was first described by Yasargil and Fox,21) is a 

familiar surgical method that is widely used because 

of its primary advantage of better surgical view, clear 

anatomic exposure of most of the arteries (including 

the posterior communicating artery), and many other 

benefits. However, the pterional approach also has 

some disadvantages, such as possible muscle atrophy 

or pain after the exfoliation of the temporal region, 

and cosmetic dissatisfaction due to surgical scarring.7)15) 

Hence, the need for a surgical method that provides 

the same clear anatomic exposure led many neuro-

surgeons to design various successful and mini-

mally-invasive surgical approaches.

In 1971, Wilson and colleagues were able to operate 

on intracranial lesions through a minimal craniotomy 

site.19) Studies revealed that these less invasive surgi-

cal methods resulted in less tissue damage and de-

creased cerebral edema compared with existing surgi-

cal methods. In 1978, Brock used the method of fron-

totemporal craniotomy for anterior circulation aneur-

ysm clipping, in which the resulting surgical wound 

was only 3-5 cm in diameter.3) In 1982, Jane described 

the supraorbital craniotomy, which opened the ante-

rior orbital roof, thus minimizing traction and ex-

posure of the cranial structures, and decreasing com-

plications that would have arisen with a different 

approach.10) Paladino and colleagues introduced the 

concept of the keyhole approach, and opened a new 

chapter in the field of minimally-invasive neuro-

surgery; however, those authors were faced with the 

shortcomings of the technique, including the limi-

tation of surgical view.13) In 1998, van Lindert and 

colleagues introduced the supraorbital keyhole ap-

proach,18) while Paladino announced the transciliary 

keyhole approach.13) Many other studies described 

surgical methods with more advantages than those 

with the pterional approach, including less invasive-
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Fig. 2. Microscope view (A) Group 1 (Supraorbital keyhole approach). Clipping of ruptured aneurysm of Rt. MCA bifurcation. 
Operative view under craniotomy and durotomy. The sylvian vein is not well exposed as it is hidden under the lateral side of 
the craniotomy site (A-1). Approaching the Sylvian vein using a subfrontal approach (A-2). The retractor is placed under the 
frontal base. The angle of the retractor is nearly perpendicular to the skull base (A-3). (B) Group 2 (Modified supraorbital key-
hole approach). Clipping of ruptured aneurysm of Lt. MCA bifurcation. The path of the Sylvian vein is well exposed after dur-
otomy (B-1). The frontal lobe and temporal lobe is retracted to the side and allows for a more accessible Sylvian dissection (B-2). 
The retractor angle is less steep and the angle between retractors is wider (B-3). MCA = middle cerebral artery.

ness, shorter operative time, and the ability to control 

the size of the craniotomy.

However, these minimally-invasive surgical meth-

ods could not be applied to all patients. First, the su-

praorbital keyhole approach itself does not actually 

decrease the danger of the operation, which demands 

a skilled surgeon who can operate in a narrow space.20)

In addition, the exposure of the frontal sinus in cas-

es of supraorbital craniotomy performed on patients 

with a large sinus increases the possibility of an in-

fection, causing surgical limitations. Van Lindert and 

colleagues performed a supraorbital craniotomy for 

aneurysm clipping in 139 patients. The average cra-

niotomy size was 2-3.5 cm in width and 1.5-2 cm in 

height. They reported no frontal sinus exposure and 

emphasized the importance of measurement of the 

frontal sinus by imaging of the lesions prior to the 

operation.18) In our research, aneurysm clipping using 

the transciliary supraorbital keyhole approach led to 

frontal sinus exposure in 1 of 10 patients. This pa-

tient's frontal sinus was approximately 4.5 cm wide, 

measured from the center of the face. 

Moreover, surgeons must avoid damaging the su-

praorbital nerve during the transciliary supraorbital 

keyhole approach. In 2010, Trivedi and colleagues 

carried out a study of the cranial supraorbital notch 

and supraorbital foramen in 249 patients.17) Their re-

sults showed that the supraorbital notch was on aver-

age 24.30 mm from the center of the cranium, where-

as the left side showed a mean distance of 23.73 mm 

and did not exceed 31.68 mm. Therefore, it was con-

cluded that neurological damage might occur if the 

craniotomy is performed 4 cm away from the center 

of the cranium (considering the size of the frontal sinus) 

during the transciliary supraorbital keyhole approach.

The supraorbital keyhole approach provided an un-

familiar view to the surgeon compared to the conven-

tional pterional approach. The sylvian fissure presents 

in the lateral side of surgical window in the supra-

orbital keyhole approach. It is difficult to approach 
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the sylvian fissure and the viewing angle along with 

the microscopic lighting is limited. Therefore, much 

more skill and thorough knowledge of the surgical 

anatomy is required for the keyhole approach. The 

narrow intraoperative viewing angle and limitation of 

microscope lighting could be overcome by the appli-

cation of endoscopes to obtain details in close-up 

fields.5) We did not apply the use an endoscope in 

any of our cases. 

Although the size of bone flap was not different be-

tween the two groups, modified supraorbital keyhole 

approach provided more familiar view as in the con-

ventional pterional approach. The modified supra-

orbital keyhole approach allowed for a convenient to 

approach to the sylvian fissure and required less 

brain traction in dissection of the aneurysm (Fig. 2).

In addition, use of two suction tubes is challenging 

in surgery on a ruptured aneurysm due to the narrow 

view, and proximal control can be difficult. Some re-

searchers advocated additional osteotomy because of 

the operational limitations of a prominent orbital rim 

limiting access to the skull base.1)8)11)16) In order to 

overcome this limitation of the supraorbital keyhole 

approach, this study modified the traditional ap-

proach and performed a posterior hairline incision, 

immediately removing a part of the superior orbital 

rim in the craniotomy. 

As the incision enlarged, the amount of intra-

operative hemorrhage and the need for postoperative 

transfusion increased. However, there was no sig-

nificant change in hospital stay and prognosis of pa-

tients due to the increased hemorrhage in our two 

subgroups. Better surgical view and space could be 

obtained, and conversion to expanded craniectomy 

could be performed in cases where intracranial pres-

sure suddenly increased during the operation, with 

accompanying cerebral edema.

In our study, the subjects were compared to patients 

with Hunt and Hess or Fisher grade 2 or lower, with 

little brain damage, or low intracranial pressure (ICP). 

However, there are more patients with high ICP due 

to cerebral edema and hematoma in clinical practice 

settings, and there are many cases with increased ICP 

for various reasons after surgery.

Güresir and colleagues stressed the importance of 

deciding on and implementing primary or secondary 

decompressive craniectomy to the treatment and 

prognosis of a patient with subarachnoid hemorrhage 

with a serious increase in ICP, regardless of the pa-

tient's pathological physiology (hemorrhage, infarction, 

or cerebral edema) and condition.9) As shown in the 

current study, when there is need of postoperative 

secondary craniectomy and an easy means of manag-

ing a sudden increase in ICP while performing a pos-

terior hairline incision, rapid surgical treatment can 

be performed through wound revision rather than 

through a new incision.

CONCLUSION

Compared two minimal invasive surgery methods 

of anterior circulation aneurysm treatment. The supra-

orbital keyhole approach has many merits but also 

drawbacks compared to the traditional approach. In 

order to overcome this, the modified supraorbital key-

hole approach was performed in this study. The 

modified supraorbital keyhole approach had more 

hemorrhage compared to the supraorbital keyhole ap-

proach, but there was no difference in clinical results. 

In addition, the modified supraorbital keyhole ap-

proach allows additional treatment to be more readily 

performed in cases where secondary decompressive 

craniectomy is needed because of increased ICP. 

Disclosure 

The authors report no conflict of interest concerning 

the materials or methods used in this study or the 

findings specified in this paper.

REFERENCES

1. Berhouma M, Jacquesson T, Jouanneau E. The fully en-
doscopic supraorbital trans-eyebrow keyhole approach to 
the anterior and middle skull base. Acta Neurochir (Wien) 
2011 Oct;153(10):1949-54.



 YUHEE KIM ET AL

Volume 18 · Number 1 · March 2016  11

2. Bhatoe HS. Transciliary supraorbital keyhole approach in 
the management of aneurysms of anterior circulation: 
Operative nuances. Neurol India 2009 Sep-Oct;57(5):599-606.

3. Brock M, Dietz H. The small frontolateral approach for 
the microsurgical treatment of intracranial aneurysms. 
Neurochirurgia (Stuttg) 1978 Nov;21(6):185-91.

4. Chehrazi BB. A temporal transsylvian approach to ante-
rior circulation aneurysms. Neurosurgery 1993 Jul;33(1):172.

5. Chen HC, Tzaan WC. Microsurgical supraorbital keyhole 
approach to the anterior cranial base. J Clin Neurosci 
2010 Dec;17(12):1510-4.

6. Cheng CM, Noguchi A, Dogan A, Anderson GJ, Hsu FP, 
McMenomey SO, et al. Quantitative verification of the 
keyhole concept: a comparison of area of exposure in the 
parasellar region via supraorbital keyhole, frontotemporal 
pterional, and supraorbital approaches. J Neurosurg 2013 
Feb;118(2):264-9.

7. Czirják S, Szeifert GT. Surgical experience with frontolateral 
keyhole craniotomy through a superciliary skin incision. 
Neurosurgery 2001 Jan;48(1):145-9; discussion 149-50.

8. Dare AO, Landi MK, Lopes DK, Grand W. Eyebrow in-
cision for combined orbital osteotomy and supraorbital 
minicraniotomy: Application to aneurysms of the anterior 
circulation. Technical note. J Neurosurg 2001 Oct;95(4):714-8.

9. Güresir E, Schuss P, Vatter H, Raabe A, Seifert V, Beck 
J. Decompressive craniectomy in subarachnoid hemorrhage. 
Neurosurg Focus 2009 Jun;26(6):E4.

10. Jane JA, Park TS, Pobereskin LH, Winn HR, Butler AB. 
The supraorbital approach: technical note. Neurosurgery 
1982 Oct;11(4):537-42.

11. Ormond DR, Hadjipanayis CG. The supraorbital keyhole 
craniotomy through an eyebrow incision: Its origins and 
evolution. Minim Invasive Surg 2013: 296469, 2013.

12. Paine JT, Batjer HH, Samson D. Intraoperative ventricular 
puncture. Neurosurgery 1988 Jun;22(6 Pt 1):1107-9.

13. Paladino J, Pirker N, Stimac D, Stern-Padovan R. Eyebrow 
keyhole approach in vascular neurosurgery. Minim Invasive 
Neurosurg 1998 Dec;41(4):200-3.

14. Park J, Hamm IS. Revision of paine's technique for in-
traoperative ventricular puncture. Surg Neurol 2008 
Nov;70(5):503-8; discussion 508.

15. Sanchez-Vazquez MA, Barrera-Calatayud P, Mejia-Villela 
M, Palma-Silva JF, Juan-Carachure I, Gomez-Aguilar JM, 
et al. Transciliary subfrontal craniotomy for anterior skull 
base lesions. Technical note. J Neurosurg 1999 Nov;91(5): 
892-6.

16. Steiger HJ, Schmid-Elsaesser R, Stummer W, Uhl E. 
Transorbital keyhole approach to anterior communicating 
artery aneurysms. Neurosurgery 2001 Feb;48(2):347-51; dis-
cussion 351-2.

17. Trivedi DJ, Shrimankar PS, Kariya VB, Pensi CA. A 
study of supraorbital notches and foramina in gujarati 
human skulls. NJIRM 2010 Jul-Sep;1(3):1-6.

18. van Lindert E, Perneczky A, Fries G, Pierangeli E. The 
supraorbital keyhole approach to supratentorial aneurysms: 
concept and technique. Surg Neurol 1998 May;49(5):481-9; 
discussion 489-90.

19. Wilson DH. Limited exposure in cerebral surgery. Technical 
note. J Neurosurg 1971 Jan;34(1):102-6.

20. Wongsirisuwan M, Ananthanandorn A, Prachasinchai P. 
The comparison of conventional pterional and transciliary 
keyhole approaches: Pro and con. J Med Assoc Thai 
2004 Aug;87(8):891-7.

21. Yasargil MG, Fox JL. The microsurgical approach to in-
tracranial aneurysms. Surg Neurol 1975 Jan;3(1):7-14.


