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field, as in the case of anterior communicating artery (ACoA) 
and middle cerebral artery (MCA) aneurysms. Notwithstanding, 
an unruptured supraclinoid internal carotid artery (ICA) aneu-
rysm is an optimal surgical target for a superciliary approach as it 
is located in the center of the surgical view and field26).

Accordingly, the present authors applied a superciliary key-
hole approach, instead of a pterional approach, for consecutive 
unruptured supraclinoid ICA aneurysms, and evaluated its fea-
sibility and the surgical outcomes.

MATERIALS AND METHODS

Patients
For unruptured supraclinoid ICA aneurysms, the authors ap-

INTRODUCTION

The advent of endovascular treatment for intracranial aneu-
rysms has led to a sharp decline in surgical treatment due to the 
less invasive nature of endovascular procedures despite their 
low durability. Meanwhile, this has also provoked neurovascu-
lar surgeons to develop minimally invasive surgical techniqu
es2-4,13,16,23,24,26,27,29,30,32).

A superciliary keyhole approach is an attractive, minimally in-
vasive surgical technique for managing unruptured aneurysms, 
however, the limitations include narrow viewing angles and co-
axial control of the surgical microinstruments through a small 
cranial opening. In particular, such limitations have an increased 
impact for complex aneurysms in hidden corners of the surgical 
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use of an operating microscope, a narrow brain spatula is slid 
over the frontal lobe along the sphenoid ridge trajectory until the 
optic nerve and carotid cisterns are encountered, at which point 
the cisterns are opened to achieve brain relaxation and frontal 
lobe retraction. Limited opening of the sylvian fissure medially 
facilitates more frontal lobe retraction without temporal lobe 
traction, allowing visualization up to the carotid bifurcation. The 
carotid cistern is opened along the superior aspect of the ICA, 
and the distal posterior communicating artery (PCoA) is identi-
fied in the opticocarotid triangle. The arachnoid adherent to the 
ICA is rolled laterally to expose the aneurysm base and the ori-
gins of the PCoA and anterior choroidal artery (AChA). A tem-
porary clip is applied to the proximal ICA.

For a PCoA aneurysm, once the proximal and distal aspects 
of the aneurysm neck are defined, a permanent clip is advanced 
between the PCoA and the AChA (Fig. 1C). A straight or gen-
tly curved clip is invariably used for a PCoA aneurysm.

For an AChA aneurysm, determining the exact origin of the 
AChA is crucial and can only be confirmed by rigorous visual 
scrutiny under high microscopic magnification. A straight clip 
is then applied across the base of the aneurysm perpendicular 
to the axis of the ICA, while tilting laterally away from the origin 
of the AChA (Fig. 1D). The clip blades are then inspected to en-
sure that the aneurysm is completely occluded, the PCoA and 
AChA are not compromised, and the oculomotor nerve is free.

To improve the safety and efficacy of the surgery, several in-
traoperative techniques can also be used, including intraopera-
tive microvascular dopploer, intraoperative angiography, indo-
cyanine green angiography, and neurophysiological monitoring 
using a motor-evoked potential.

After completing the intracranial procedure, the dural inci-
sion is sutured watertight and any epidural bleeding meticu-

plied a pterional approach as the standard surgical technique 
until 2006, and then used a superciliary keyhole approach for 
consecutive patients from 2007. Information was obtained ret-
rospectively for such patients between January 2003 and Febru-
ary 2012.

Medical records and operative reports were reviewed to obtain 
relevant clinical information, and radiological data accessed us-
ing an electronic picture archiving and communication system. 
The operative duration, intraoperative blood transfusion, ade-
quacy of the aneurysm clip placement, postoperative morbidity 
and mortality, and occurrence of a postoperative epidural hem-
orrhage (EDH) and cerebral infarction were all assessed and 
compared between the superciliary and pterional groups. Plus, 
the adequacy of the aneurysm clip placement was verified using 
postoperative three-dimensional CT angiography (3DCTA).

Operative technique of superciliary approach
The patient is placed in a supine position with the head rotat-

ed contralaterally 20-30 degrees and slightly extended. A super-
ciliary incision is made in the upper half of the eyebrow, start-
ing from the midpupillary line to behind the frontal process of 
the zygomatic bone, approximately 3.5 cm in length. In the lat-
eral part of the incision, the temporalis muscle is cut 1 cm, ex-
posing a site for a frontobasal lateral burrhole posterior to the 
temporal line. A small (2 cm by 2.5 cm) craniotomy is per-
formed above the orbital ridge using a high-speed drill with a 
footplate attachment after making a single frontobasal lateral 
burrhole posterior to the temporal line (Fig. 1A). The inner 
edge of the craniotomy above the orbital rim is drilled and bev-
eled, while the frontal floor prominences are flattened. The dura 
is then opened in a curved fashion with its base toward the or-
bital rim, providing a 2 to 2.5-cm opening (Fig. 1B). With the 
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Fig. 1. Intraoperative photographs showing superciliay keyhole approach for supraclionoid internal carotid artery aneurysms. A : Supraorbital mini-
craniotomy. B : 2.5-cm dural opening. C : Posterior communicating artery aneurysm (arrow). D : Clipped posterior communicating artery aneurysm. E : 
Anchor screw (arrow) for dural tenting sutures. F : Porous high-density polyethylene implants (arrows) filling burrhole and bone gaps.
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Angiographic characteristics
The angiographic characteristics of the supraclinoid ICA an-

eurysms are summarized in Table 1. Seventy patients in the su-
perciliary group underwent surgical clipping for 71 supraclinoid 
ICA aneurysms, while 21 patients in the pterional group under-
went clipping for 23 ICA aneurysms. In both groups, the loca-
tion order of incidence for the aneurysms was the PCoA origin, 
AChA origin, ICA bifurcation, and dorsal wall of the ICA.

The maximum diameter of the aneurysms (n=71) in the su-
perciliary group ranged from 4 mm to 14 mm (mean±standard 
deviation, 6.6±2.3 mm), which was comparable to that in the 
pterional group (n=107, range, 4-12 mm; mean±standard devia-
tion, 6.1±2.2 mm). Meanwhile, the maximum diameter of the 
aneurysm neck in the superciliary group (4.1±1.1 mm; range, 
2-8 mm) was also comparable to that of the pterional group 
(3.7±0.6 mm; range, 3-5 mm).

Technical feasibility
The surgical goal of applying a clip to the aneurysm neck was 

achieved for all the patients in both groups. Also, in both groups, 
the surgical procedures were performed under microscopic 
view without endoscopic assistance.

The state of the clip placement, assessed using postoperative 
3DCTA, was complete without a residual sac for all the patients 
in both groups. Repeated 3DCTA conducted 1 year after sur-
gery revealed no aneurysm recurrence.

In the superciliary group, usage of proper microsurgical instru-
ments including rigid or flexible tubular aneurysm clip appliers 
that are useful through a narrow space and most common loca-
tions of supraclinoid ICA aneurysms, lateral or posterolateral as-
pect of the ICA, enabled aneurysm clipping to be performed ade-

quately. A rare posterior location, large 
size, and complex configuration of the 
aneurysms require large cranial opening 
using a pterional approach rather than a 
small keyhole approach, although endo-
scopic assistance can extend indications 
of the keyhole approach.

Operative duration and 
intraoperative blood transfusion

For the superciliary group (n=70), 
the mean±standard deviation operative 
duration from the skin incision to the 
skin closure was 99.9 min±17.7 min 
(range, 70-160 min). In contrast, the 
operative duration for the pterional 
group (n=21) was significantly longer 
at 166.7 min±29.4 min (range, 120-240 
min) (p=0.000).

Furthermore, the operative duration 
for the superciliary group during the 
learning curve between 2006 and 2007 

lously controlled. An anchor screw technique is frequently used 
for placing the dural tenting sutures (Fig. 1E)25), and no suction 
drain is routinely used in the operative wound.

The bone flap is fixed in place using low profile, titanium 
plates and screws. Thereafter, the bone defects, including the 
burrhole and bone gaps around the bone flap, are filled with po-
rous high-density polyethylene implants (Fig. 1F)6). The pericra-
nium, temporalis and frontalis muscles, and subcutaneous layer 
are then closed layer by layer. Finally, the skin is closed using a 
subdermal resorbable suture and reinforced with sterile tape.

Statistical analysis
The statistical analyses were performed with the aid of an SPSS 

package (version 14 for Windows; SPSS, Inc., Chicago, IL, USA). 
To compare the superciliary and pterional groups, a t-test was 
used for the numerical data, such as the patient age, maximum 
diameter of the aneurysms, and operative duration, whereas a χ2-
test was used for the categorical data, such as the occurrence of a 
postoperative EDH, an intraoperative blood transfusion, and sig-
nificant postoperative morbidity. The results were considered sig-
nificant for probability values less than 0.05.

RESULTS

Patient population
For an unruptured supraclinoid ICA aneurysm, a pterional 

approach was applied to 21 patients with an age ranging from 
37 to 75 years (mean±standard deviation, 56.8±10.7 yr), while a 
superciliary keyhole approach was applied to 70 patients with 
an age ranging from 33 to 65 years (mean±standard deviation, 
49.7±9.2 yr).

Table 1. Angiographic characteristics of unruptured supraclinoid internal carotid artery aneurysms 
that were clipped via superciliary and pterional approaches

Characteristics Superciliary approach 
(n=71)

Pterional approach 
(n=23)

Aneurysm location, no. (%)
    PCoA 45 (63.4) 16 (69.6)
    AChA 17 (23.9)   4 (17.4)
    ICA bifurcation 5 (7.0)   3 (13.0)
    Dorsal wall 4 (5.6) 0 (0)
Maximum aneurysm diameter
    Mean±SD, mm 6.6±2.3 6.1±2.2
    Range, mm 4-14 4-12
    <5 mm, no. (%) 17 (23.9)   6 (26.1)
    5-10 mm, no. (%) 44 (62.0) 15 (65.2)
    >10 mm, no. (%) 10 (14.1) 2 (8.7)
Maximum diameter of aneurysm neck 
    Mean±SD, mm 4.1±1.1 3.7±0.6
    Range, mm 2-8 3-5
    >4 mm, no. (%) 34 (47.9)   8 (34.8)

AChA : anterior choroidal artery, ICA : internal carotid artery, PCoA : posterior communicating artery, SD : stan-
dard deviation
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in all patients with minimal surgical morbidity and less inva-
siveness than a pterional approach.

While the keyhole concept of a superciliary approach is al-
ready used for tumorous and vascular lesions of the anterior 
cranial fossa and parasellar region27,30), it is still not a popular 
neurosurgical practice due to certain significant shortcomings. 
As the size of the cranial opening is small, this reduces the in-
traoperative light and sight, and limits the maneuverability of 
the surgical microinstruments, necessitating almost coaxial con-
trol of the microinstruments. Also, the supraorbital location of 
the mini-craniotomy only allows a subfrontal approach, whereas 
a pterional craniotomy with modifications allows pterional, 
subfrontal, and multidirectional approaches.

Yet, despite such shortcomings, this study highlighted the 
usefulness of a superciliary approach for unruptured ICA aneu-
rysms. In the case of supraclinoid ICA aneurysms, they are lo-
cated in the center of the small and deep surgical field, however, 
ACoA and MCA aneurysms are situated in the corner of the 
surgical field, which requires more technical development and 
a longer learning period. Moreover, most ICA aneurysms can 
be clipped using a subfrontal unidirectional perspective. Thus, a 
90-minute simple and straightforward procedure can provide 
satisfactory treatment of the aneurysms.

When considering the meta-analysis by Raaymakers et al.28), 
which reported 0.8% mortality and 1.9% permanent major 
morbidity related to the surgical clipping of non-giant anterior 
circulation aneurysms, the zero-percent major complication 
rate in the current series underscores the safety of the supercili-
ary approach for unruptured ICA aneurysms.

When comparing the less invasive superciliary approach with 
a pterional approach, the present study found statistically signifi-
cant advantages to the superciliary approach in terms of a short-
er operative duration, no intraoperative blood transfusion, and 
no occurrence of postoperative EDHs. Le Roux et al.14) previous-
ly reported a 13.2% incidence of blood transfusions during con-
ventional surgery for unruptured aneurysms. Plus, postopera-
tive EDHs after conventional craniotomies are not uncommon 
and can be a serious complication. In a report by Fukamachi et 
al.5), EDHs occurred in 46.8% of patients after conventional an-
eurysm surgery, where 2.1% required reoperation to remove 
the hemorrhage.

Avoiding damage to the temporalis muscle is another advan-
tage of a superciliary approach, whereas a pterional craniotomy 
causes temporalis atrophy and varying degrees of pseudoanky-
losis of the temporomandibular joint7,9,22). Kawaguchi et al.10) re-
ported limited mouth opening in 20% of patients 1 month after 
a pterional craniotomy. Conversely, palsy of the frontalis muscle 
is a potential problem with a superciliary approach. Although, 
in a previous report by the current authors, only 5.9% of pa-
tients were found to experience long-lasting palsy for more than 
6 months following a superciliary procedure27).

Thus, this minimally invasive superciliary approach offers 
many convincing benefits over a conventional pterional craniot-

(n=15) was slightly longer at 124.7 min±21.0 min (range, 100-
160 min). Whereas, beyond the learning curve between 2008 
and 2012 (n=55), the operative duration was reduced to 93.1 
min±7.9 min (range, 70-110 min).

No blood transfusion was required intraoperatively for the 
superciliary group. However, 4 (19.0%) patients in the pterional 
group received a transfusion of 1-2 units of red blood cells dur-
ing surgery to achieve a hemoglobin level of 10 g/dL and hema-
tocrit level of 30%. As such, a statistically significant between-
group difference was observed (p=0.000).

No cerebrospinal fluid leakage or wound infections were ob-
served in either group.

Postoperative mortality and morbidity
Neither the superciliary group nor the pterional group expe-

rienced any direct mortality or permanent morbidity resulting 
from the surgery. However, one patient in the superciliary group 
suffered from postoperative transient AChA syndrome.

A 63-year-old woman with an incidental AChA aneurysm 
who underwent surgical clipping via a superciliary approach 
awoke from surgery with contralateral hemiplegia. An immedi-
ate re-operation and clip repositioning enabled the patient to 
recover completely in 6 hours. The duration of the AChA oc-
clusion (from the initial clip placement to the clip reposition-
ing) was only 70 minutes.

For the superciliary group, the postoperative CT scans revealed 
no EDHs larger than 10 mL. However, for the pterional group, 4 
(19.0%) of the 21 patients developed postoperative EDHs >10 
mL, representing a statistically significant higher incidence 
(p=0.000). The volume of the EDHs in the 4 patients ranged from 
15 mL to 50 mL (mean±standard deviation, 23.8±17.5 mL), 
where a patient with the 50-mL EDH was symptomatic and re-
quired reoperation to remove the EDH.

Aneurysms presenting with oculomotor nerve palsy
Fifteen patients in the superciliary group and three patients in 

the pterional group presented with complete or incomplete oc-
ulomotor nerve palsy (ONP). All patients except one in the su-
perciliary group showed complete resolution of the ONP with-
in 6 months. Plus, since the patient with incomplete resolution 
revealed a large thrombotic aneurysm compressing and adher-
ent to the oculomotor nerve, the superciliary keyhole approach 
was not considered the cause of the incomplete resolution of 
the ONP. The cases of 13 patients with ONP from the current 
superciliary group have already been described in detail in a 
previous report by the authors26).

DISCUSSION

The present study verified excellent surgical outcomes when 
using a superciliary approach for unruptured supraclinoid ICA 
aneurysms with a maximum diameter up to 12 mm in patients 
aged 37 to 75 years. Successful aneurysm clipping was achieved 
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omy, including a smaller incision without scalp shaving, much 
smaller craniotomy reducing the risk of a postoperative EDH, 
reduced trauma to the body reducing the postoperative pain, 
shorter operative duration, reduced blood loss, reduced risk of 
infection in the operative field, faster postoperative recovery, 
and earlier return to normal life.

Furthermore, the reduced patient repulsion to surgical treat-
ment due to the minimally invasive nature of the superciliary 
surgical procedure also has a positive effect on the decision of 
treatment modality, surgical or endovascular. Surgical treatment 
can invariably be an easier option for cases that are technically 
challenging or not amenable to endovascular therapy, for exam-
ple, cases involving difficult navigation of the microcatheter due 
to acute angles or the morphology of the aneurysm, very small 
aneurysms (defined as <3 mm in diameter), wide-necked aneu-
rysms necessitating stent-assisted or balloon-assisted technolo-
gy, and aneurysms with an arterial branch incorporated into 
the sac1,8,11,12,15,17-21).

The selection of an appropriate surgical approach, supercili-
ary keyhole approach versus pterional approach, depends on 
the surgeon’s discretion and experience. Aneurysm complexi-
ties difficult to handle via a superciliary keyhole approach may 
include large size, previous coiling, adherence of the AChA, 
and atherosclerotic calcification31).

Although the current study is limited based on a retrospec-
tive review of a case series from a single institution, it is the first 
large case series highlighting unruptured supraclinoid ICA an-
eurysms as an optimal application for a superciliary approach. 
The current case series covers various aneurysms arising in the 
supraclinoid ICA, including PCoA origin, AChA origin, ICA 
bifurcation, and the dorsal wall of the ICA, although aneurysms 
originating from the ventral wall of the ICA have not been in-
cluded due to their rarity.

CONCLUSION

A superciliary keyhole approach provides a sufficient surgical 
corridor to clip most unruptured supraclinoid ICA aneurysms 
with advantages of a short operative duration, small operative 
wound without blood transfusion, and no postoperative epidu-
ral hemorrhages.
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