WWW.jKns.or.Kr hitp://dx.doi.org/10.3340/jkns.2014.56.5.371 Print ISSN 2005-3711 On-line ISSN 1598-7876

J Korean Neurosurg Soc 56 (5) : 371-374, 2014 Copyright © 2014 The Korean Neurosurgical Society

Superciliary Keyhole Approach for Unruptured Anterior
Circulation Aneurysms : Surgical Technique, Indications,
and Contraindications

Jaechan Park, M.D., Ph.D.
Department of Neurosurgery, Research Center for Neurosurgical Robotic Systems, Kyungpook National University, Daegu, Korea

Neurosurgeons have been trying to reduce surgical invasiveness by applying minimally invasive keyhole approaches. Therefore, this paper clarifies the
detailed surgical technique, its limitations, proper indications, and contraindications for a superciliary keyhole approach as a minimally invasive modifi-
cation of a pterional approach. Successful superciliary keyhole surgery for unruptured aneurysms requires an understanding of the limitations and the
use of special surgical techniques. Essentially, this means the effective selection of surgical indications, usage of the appropriate surgical instruments
with a tubular shaft, and refined surgical techniques, including straightforward access to the aneurysm, clean surgical dissection, and the application
of clips with an appropriate configuration. A superciliary keyhole approach allows unruptured anterior circulation aneurysms to be clipped safely, rap-
idly, and less invasively on the basis of appropriate surgical indications.
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branch of the facial nerve.
According to a previous nerve conduction study by the current
author'?, the location of the frontal branch of the facial nerve is

INTRODUCTION

For unruptured anterior circulation aneurysms, a superciliary

keyhole approach using a supraorbital mini-craniotomy, rather
than a pterional approach, is invariably limited due to the small
cranial opening. Notwithstanding, most anterior circulation an-
eurysms can still be clipped safely, rapidly, and less invasively us-

normally between 1 and 3 cm above the supraorbital margin as
follows : 1) between 2 and 3 cm in 52% of patients, 2) at 1.5 cm
in 10% of patients, 3) at 1 cm in 12% of patients, and 4) exhibits
a dual innervation with a high (2-3 cm) and low (1-1.5 cm) dis-

ing a superciliary approach based on appropriate indications and
refined surgical techniques™®""*">'?,

Such proper indications and contraindications, along with the
detailed surgical technique and its limitations, are presented
herein. This report is based on the author’s experience in more
than 400 cases of a superciliary keyhole approach for unruptured

aneurysms.

RELEVANT SURGICAL ANATOMY

The superciliary skin incision is made starting from the mid-
pupillary line, and located within 1 cm of the supraorbital mar-
gin, measuring 3.5 cm in length (Fig. 1). The underlying muscles :
are the frontalis, corrugator supercilii, and temporalis (Fig. 2). RS
The relevant nerves are the supraorbital nerve and the frontal Fig. 1. Skin incision (dotted line) for a superciliary approach.
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Fig. 2. Underlying muscles related to an eyebrow skin incision (dotted line).

tribution in 27% of patients.

DESCRIPTION OF SURGICAL TECHNIQUE

After the superciliary skin incision, the underlying muscles
are cut and widely undermined to facilitate a relatively large cra-
niotomy with only a small skin incision. After drilling a fronto-
basal lateral burrhole, a supraorbital bone flap with a diameter of
<2 cm is created using a high-speed drill with a footplate attach-
ment. Unidirectional skin retraction preceding the drill move-
ment using a retractor held by an assistant can avoid skin dam-
age and allow sufficient space for a craniotomy. Six retraction
sutures are then placed at the edge of the skin incision (Fig. 3).
The inner edge of the craniotomy above the orbital rim is drilled
and beveled, and the frontal floor prominences are flattened. A
sphenoid ridge is slightly drilled adjacent to the frontobasal lat-
eral burrhole to expose the sylvian fissure area.

After the dural incision, a narrow brain spatula is slid over the
base of the frontal lobe toward the carotid and optic nerve cis-
terns with the use of an operating microscope. The cisterns are
then opened to drain the cerebrospinal fluid, achieve brain re-
laxation, and obtain an intracranial working space. To expose
the supraclinoid internal carotid artery (ICA) aneurysms, dis-
section of the proximal sylvian fissure allows more frontal lobe
retraction and visualization up to the carotid bifurcation.

In the case of middle carotid artery (MCA) aneurysms at the
MCA genu, focal (<2 cm) opening of the sylvian fissure at the
pars triangularis is sufficient to expose the aneurysm and its par-
ent artery. The sylvian dissection is carried out along the frontal
side of the sylvian veins, yet can be limited by the location of the
fronto-sylvian veins. Sometimes, division of a few small fronto-
sylvian veins is inevitable. For MCA aneurysms proximal to the
MCA genu, the sylvian dissection is extended proximally from the
pars triangularis.

Furthermore, a superciliary approach can be advocated in the
case of inferior- and anterjor-directing anterior communicating
artery (ACoA) aneurysms, whereas a pterional-transsylvian ap-
proach will be favored for superior-directing or high-positioned
anterior communicating artery ACoA aneurysms, especially with
a large diameter, in order to reduce the brain retraction.

Fig. 3. Six retraction sutures placed at the edges of the skin incision after
supraorbital mini-craniotomy.

In keyhole surgery using a small cranial opening, certain tech-
nical pointers are crucial. The aneurysm should be accessed by
the most direct and straightforward route without unnecessary
intraoperative navigation. Careful and clean surgical dissection
is required to minimize cortical woozing and venous bleeding,
avoid a dim operative field, and facilitate surgical processes. The
unidirectional application of a clip through the small cranial open-
ing can be a major limitation. Yet, this can be overcome by using
aneurysm clips with various configurations, along with gentle
mobilization of the parent artery and aneurysm using a suction
tip. If an arterial repair is required beyond simple aneurysm clip-
ping, special surgical techniques used in the small and deep op-
erative field are applied™”.

The dural incision is sutured water-tight, and dural tenting su-
tures, if needed, are placed along the bone edge using an anchor
screw technique”. The bone flap is then fixed in place using low
profile, titanium plates and screws. Thereafter, the burrhole and
bone gaps around the bone flap are filled with biocompatible ma-
terial®.

ADVANTAGES AND LIMITATIONS

When compared with a pterional approach, the advantages of
a superciliary approach are as follows : 1) small operative wound,
2) short operative duration, 3) no intraoperative blood transfu-
sion, 4) rare occurrence of a postoperative epidural hematoma,
5) negligible damage to the temporalis muscle, 6) less wound-re-
lated pain, and 7) early return to work and normal life.

However, the major limitations are narrow viewing angles
with reduced intraoperative light and reduced maneuverability
of the microinstruments, including unidirectional application
and coaxial control of the instruments. Thus, an aneurysm clip
applier, microscissors, and bipolar coagulation forceps with a tu-
bular shaft are useful to overcome these limitations.

The risk of prolonged or permanent palsy of the frontalis mus-
cle due to injury of the frontal branch of the facial nerve is also
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related to a superciliary approach'?. Yet, this postoperative risk is
minimized when the skin incision is located <1 cm of the supra-
orbital margin and only measures 3.5 cm in length"'>'?, Plus, the
operative wound heals well with a good cosmetic appearance, es-
pecially in younger patients, although some elderly patients can
show a linear dimple at the operative wound and a slightly sag-
ging brow due to loose skin.

INDICATIONS AND CONTRAINDICATIONS

A superciliary approach can be applied for unruptured aneu-
rysms with a maximum diameter <15 mm arising at or below
the level of the horizontal segments of the anterior cerebral ar-
tery and MCA."” Thus, aneurysms at the supraclinoid ICA, Al,
ACoA, and M1 segment including MCA bifurcation are nor-
mally favorable for a superciliary approach. However, the aneu-
rysm neck diameter is also a very important consideration to pre-
dict the clippability in the case of a superciliary approach.

Table 1 summarizes the effective indications and relative/ab-
solute contraindications of a superciliary approach according to
the aneurysm location. The catheter angiograms of the aneu-
rysms favorable and unfavorable for a superciliary approach are
depicted in Fig. 4, 5. In the case of ICA aneurysms, a typical pos-
terior communicating artery (PCoA) aneurysm and anterior cho-

Superciliary Keyhole Approach for Aneurysms | J Park

roidal artery (AChA) aneurysm, which arise at the lateral or pos-
terolateral wall of an ICA, are the easiest to access and clip using
a superciliary approach. In particular, for an unruptured PCoA
aneurysm inducing oculomotor nerve palsy, a superciliary ap-
proach maximizes the symptomatic resolution and minimizes the
surgical invasiveness'". However, in the case of a posterior wall
aneurysm of the ICA necessitating an angled fenestrated clip place-
ment, a larger craniotomy is required to allow the appropriate
movement and tilting of the aneurysm clip applier. In addition,
low-lying supraclinoid or paraclinoid ICA aneurysms that re-

(A) (B)

Fig. 5. Catheter angiograms of aneurysms unfavorable for a superciliary
approach. A : Aneurysm (arrow) at the posterior wall of the ICA requiring
application of a right-angled fenestrated clip. B : High-positioned ACoA an-
eurysm (arrow). ICA : internal carotid artery, ACoA : anterior communicat-
ing artery.

Table 1. Indications and contraindications of a superciliary keyhole approach for unruptured anterior circulation aneurysms

Aneurysm location Indications Relative or absolute contraindications

ICA PCoA aneurysm, esp. inducing 3CN palsy (Fig. 4A) Posterior wall ICA aneurysm (Fig. 5A)
AChA aneurysm Low-lying supraclinoid ICA aneurysm
ICA bifurcation aneurysm Paraclinoid ICA aneurysm
Dorsal wall ICA aneurysm

ACA Al segment aneurysm Superior- or posterior-directing large ACoA aneurysm
Inferior- or anterior-directing ACoA aneurysm (Fig. 4B) High-positioned ACoA aneurysm (Fig. 5B)

Pericallosal artery aneurysm
MCA MI segment aneurysm Aneurysm distal to MCA genu

MCA bifurcation aneurysm (Fig. 4C)

ICA : internal carotid artery, ACA : anterior cerebral artery, MCA : middle carotid artery, PCoA : posterior communicating artery, AchA : anterior choroidal artery

Fig. 4. Catheter angiograms of aneurysms favorable for a superciliary approach. A : PCoA aneurysm (arrow) inducing oculomotor nerve palsy. B :
Inferior-directing ACoA aneurysm (arrow). C : MCA aneurysm (arrow) with a maximum diameter of 14 mm. Note the relatively narrow neck. PCoA : pos-
terior communicating artery, ACoA : anterior communicating artery, MCA : middle carotid artery.
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quire drilling of the anterior clinoid process also need a larger cra-
nial opening than a supraorbital mini-craniotomy with a small
diameter of <2 cm. In such a case, an orbital osteotomy combined
with a supraorbital mini-craniotomy can facilitate the drilling work.

For ACoA aneurysms, a superciliary approach only allows
subfrontal access, plus the ipsilateral olfactory nerve is more
compressed by the brain retractor than in the case of a pterional
approach. Thus, while inferior- and anterior-directing ACoA an-
eurysms can easily be clipped using a superciliary approach, large
superior-directing and high-positioned ACoA aneurysms require
a pterional-transsylvian approach.

Most MCA aneurysms arising at the M1 segment and MCA
bifurcation can be clipped using a superciliary approach. How-
ever, if the lesions are located beyond the MCA genu, a larger
cranial opening is needed to expose them. A large wide-necked
MCA aneurysm requiring aneurysm clip placement in multiple
directions will also need a larger craniotomy; along with the case
of two adjacent aneurysms requiring clip application in different
directions.

Other relative contraindications for a superciliary approach
are follows : 1) tendency to form keloids and hypertrophic scars,
2) asymmetric sagging brows, and 3) anticipated emotional stress
due to even a small operative wound on the face.

POSTOPERATIVE CONSIDERATION

The risk of the postoperative occurrence of a subdural hygro-
ma is high in elderly patients, as in the cases of conventional cra-
niotomies. Thus, all subdural hygromas should be monitored with
follow-up computed tomography scans until complete resolution
due to the possible conversion to a chronic subdural hematoma.

RUPTURED ANEURYSMS

A superciliary approach can also be applied to some ruptured
aneurysms without severe brain swelling. An intravenous man-
nitol infusion and drainage of cerebrospinal fluid using an intra-
operative ventriculostomy or lumbar drainage can achieve brain
relaxation and facilitate aneurysm surgery for the patients with
mild to moderate brain swelling. Patients with a good clinical
grade and small subarachnoid hemorrhage can be treated using
this approach without difficulty"”. However, there i still the risk
of unexpected brain swelling and an intraoperative rupture of an
aneurysm.

CONCLUSION

A superciliary keyhole approach allows most unruptured an-
terior circulation aneurysms to be clipped safely, rapidly, and less

invasively when using refined surgical techniques on the basis of
appropriate indications.
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