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Objective : Several studies have reported on the effectiveness of fronto-
lateral craniotomy in reducing the operating time and post-operative
complications. However, no study has practically evaluated this method
from the cosmetic point of view.

Materials and Methods : We designed this study for comparison of the
clinical differences and cosmetic outcomes between the frontolateral cra-
niotomy and the conventional pterional craniotomy for clipping of un-
ruptured intracranial aneurysms. We performed a retrospective analysis of
the two groups based on their medical records and radiologic findings
Juxtaposed with their length of hospital stay, intensive care unit day and
operation time, and the emergence of postoperative complication, mean
size of aneurysm, and temporal depression.

Results : After careful comparison of the thickness of temporalis muscle
between the craniotomy side and the contralateral side, the results clearly
showed that the conventional pterional craniotomy group was asymmetric
by a p value of 0.152 and the frontolateral craniotomy group was sym-
metric by a p value of 0.002.

Conclusion : Frontolateral craniotomy could be a practical alternative for
patients with an unruptured intracranial aneurysm in the anterior circu-
lation including the posterior communicating artery, particularly those
who are in a medically poor state or who highly demand minimal aes-
thetic mutilation.

J Cerebrovasc Endovasc Neurosurg.
2014 September;16(3):235-240
Received : 18 August 2014

Revised : 1 September 2014

Accepted : 5 September 2014

Correspondence to Jae Seung Bang
Department of Neurosurgery, Seoul National
University Bundang Hospital, Seoul National
University College of Medicine, 166 Gumi-ro,
Bundang-gu, Seongnam 463-707, Korea

Tel : 82-31-787-7172

Fax : 82-31-787-4059

E-mail : nsbang@snubh.org

ORCID : http;//orcid.org/0000-0001-9543-8758

This study was supported by a grant of the
Korea Healthcare Technology R&D Project,
Ministry of Health & Welfare, Republic of
Korea (HI10C2020).

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http;//creativecommons.org/li-

. : : : . censes/by-nc/3.0) which permits unrestricted non-

Keywords  Frontolateral craniotomy, Temporal depression, Conventional pterional craniot- commercial use, distribution, and reproduction in ary
omy, Unruptured intracranial aneurysm, Clipping, Minimal aesthetic mutilation medium, provided the original work is properly cited.
INTRODUCTION vian fissure, and even the superior portion of the cli-

The conventional pterional craniotomy (CPC), which
was introduced and established by Yasargil in the
1970s, is the gold standard for approaching lesions in

the sellar and suprasellar region, circle of Willis, syl-

vus and the basilar artery.g)g) However, with increased
demands from surgeons and patients for a shorter op-
eration time and a less invasive method for achieve-
ment of a better cosmetic effect without complica-

tions, several surgical approaches, including supra-
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USEFULNESS OF FRONTOLATERAL APPROACH FOR CLIPPING

orbital eyebrow incision approach, mini-pterional ap-
proach, and frontolateral craniotomy (FLC), were re-
cently introduced.?¥”

Several studies have reported on the effectiveness of
FLC in reducing the operating time and post-oper-
ative complications. However, from the cosmetic
point of view, this method has not been practically
evaluated in any study. One of many cosmetic and
functional complications of pterional craniotomy is
temporalis muscle atrophy, which may hinder pa-
tients' rapid recovery and deter them from returning
to their previous occupations.” Therefore, we de-
signed this study for comparison of the clinical differ-
ences and cosmetic outcomes between FLC and CPC

for clipping of unruptured intracranial aneurysms.
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“Measurement device it

MATERIALS AND METHODS

Patients

From Aug. 2011 to Dec. 2013, clipping was per-
formed in 283 unruptured aneurysm patients by a
single surgeon in a single institute; FLC was per-
formed in 15 cases. To verify the control group, we
matched the age and sex and enrolled 30 patients
through random selection. Patient randomization was
performed using a random number generator avail-
able on the web (www.random.org). There were five
males and 10 females in each group. Patients with
multiple aneurysms of more than two or ruptured
aneurysms were excluded from the study. We ana-
lyzed the two groups retrospectively based on their

medical records and radiologic findings juxtaposed

Fig. 1. (A) Minimal hair shaving was performed and the skin incision was short and was behind the hair line; (B] Only one burr
hole is placed posteriorly just below the insertion line of the temporal muscle; (C) The mean size of the bone flap was 4x2.5 cm;
(D) The temporal muscle is split only in its superior and anterior part. And in closure the bone flap was fixated with a skull fixator

and a cranial plate.
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with their length of operation time, the emergence of
postoperative complication, mean size of aneurysm,
and temporal depression. The length of hospital stay
was defined as a period of admission around surgery,
including pre-operative evaluation.

Due to possible temporal muscle atrophy, cosmetic ef-
fect after pterional craniotomy is not always satisfactory.”
Therefore, we compared temporal depression of the
two different approaches. We first adjusted the con-
trast of brain computed tomography (CT) in order to
have a better view of the soft tissue, and then meas-
ured the length of the thickest point of the soft tissue
at the level of the sphenoid ridge (Fig. 2). Measurement
was performed bilaterally, and the difference between
craniotomy side and contralateral side was checked.
All CTs were reviewed six months after the operation.

Operative technique of frontolateral approach

We followed the operative techniques as reported
by Hernesniemi et al.” The patient was in a supine
position and the head was elevated above the cardiac
level to minimize bleeding. The head was also fixed
with three pins in the head frame (Mayfied) and was
rotated 15-45 degrees towards the opposite side and
tilted slightly depending on the precise location of the
lesion. Minimal hair shaving was performed and the

skin incision was short and behind the hairline (Fig.

Table 1. Patient characteristics
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Fig. 2. The size of the craniotomy is absolutely sufficient to
reach the whole anterior part of the circle of Willis, sellar, su-
prasellar legion and also the anterior part of the basilar artery
if it is located superiorly from the posterior clinoid process.

1A). The one layer skin-galea-muscle flap was dis-
located after its detachment from the bone by dia-
thermy, thereby avoiding any possible injury of the
branches of the facial nerve. The spring hooks were

used to retract the flap anteriorly until the superior

Conventional pterional (n = 15) Frontolateral (n = 15) Total (n = 30) p value

Age* 56.53 56.27 56.40 0.967
Sex (M / F)f 5/10 5/10 10/20 1.000
Aneurysm locations

ACA 1 (7%) 0 1

MCA 9 (60%) 0 9

ACOA 5 (33%) 10 (67%) 15

PCoA 0 4 (27%) 4

AChoA 0 1 (7%) 1

Total 15 15 30
Aneurysm size (mm)* 4.62 = 1.70 523 £ 1.36 492 + 1.54 0.22
Admission duration (days)* 12.33 12.33 12.33 0.512

*Mann-Whitney U test, TPearson chi-square test.

ACA = anterior cerebral artery; MCA = Middle Cerebral Artery; ACOA = anterior communicating artery; PCOA = posterior communicating

artery; AChoA = anterior choroidal artery
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Table 2. Post-operative complication

Conventional pterional Frontolateral Total

Post-operative angiography

Complete occlusion 12 (80%) 12 (80%) 24

Residual aneurysm 2 (13%) 1 (7%) 3

No study done 1 (7%) 2 (13%) 3

Total 15 15 30
Post-operative complication

None 14 (93%) 14 (93%) 28

EDH 1 (7%) 1 (7%) 2

Total 15 15 30

EDH = epidural hematoma

orbital rim was exposed. The temporal muscle was
split only in its superior and anterior part (Fig. 1D).
Only a single burr hole was placed posteriorly just
below the insertion line of the temporal muscle (Fig.
1B). The bone flap was detached mainly by side-cut-
ting craniotomy. The mean bone flap size was 4x2.5
cm (Fig. 1C). After the dura mater was opened in a
curvilinear incision pointing anterolaterally and ele-
vated with stitches, the operating microscope was
brought into place. After minimal opening of the syl-
vian fissure, careful dissection proceeded towards the
aneurysm. Only one retractor was used for the brain
dislocation. In closure, the bone flap was fixated with

a skull fixator and a cranial plate (Fig. 1D).

RESULTS

As shown in Table 1, the mean age of the patients
was 56.40 years old, while that for CPC and FLC was
56.53 and 56.27 years old, respectively. The mean op-
eration time in the FLC group was 182.13 min, and
215.87 min in the CPC group. To clarify, the operation
time was measured from the time of skin incision to
closure. The length of hospital stay for both methods
was 12.33 days, showing no difference. The location
of the aneurysm also differed in the two groups. CPC
was performed mainly on middle cerebral artery
aneurysms (nine cases), followed by anterior commu-

nicating artery aneurysms (five cases) and anterior
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cerebral artery aneurysm (one case). On the other
hand, FLC was most frequently performed on anterior
communicating artery aneurysms (ten cases), followed
by posterior communicating artery aneurysms (four
cases) and anterior choroidal artery aneurysm (one
case) (Table 1). For both approaches, there was a sin-
gle occurrence of EDH as a postoperative complica-
tion (Table 2). Post-operative one-week angiograph
follow-up (Table 2) showed two patients with residual
aneurysm in the CPC group and one patient in the
FLC group. However, no angiography was performed
in one patient in the CPC group and two patients in

the FLC group. For assessment of the aesthetic results,

Fig. 3. Bilateral symmetry of temporalis muscle was measured
through computed tomography taken six months after the operation.



Table 3. Thickness of temporalis muscle

JEYUL YANG ET AL

Surgical side Contralateral side P value
Conventional pterional (n = 15) 581 = 348 8.23 + 2.60 0.152
Frontolateral (n = 15) 9.37 £ 344 851 + 3.20 0.002

Statistical analysis was performed using Wilcoxon signal rank test.

bilateral symmetry of temporalis muscle was meas-
ured by CT taken six months after the operation (Fig.
3). After careful comparison of the thickness of tem-
poralis muscle between the craniotomy side and the
contralateral side, the results clearly showed that the
CPC group was asymmetric by a p value of 0.152 and
the FLC group was symmetric by a p value of 0.002
(Table 3). In addition, a larger size of aneurysm was
observed in the FLC group (Table 1). In measurement
of maximum size of each aneurysm, mean size of the
FLC group was 5.23 mm and that of the CPC group

was 4.62 mm.

DISCUSSION

CPC was widely used and favored for many deca-
des to access unruptured intracranial aneurysms at
the anterior circulation.®® However, it has some nota-
ble disadvantages to consider as suggested by
Herneniemi et al. These drawbacks include excessive
drilling of the skull base, especially in the temporal
region and the sphenoid wing, chances of cere-
bro-spinal fluid (CSF) leak, which can often lead to
infection, optic or oculomotor nerve lesions, and pos-
sible injury of the upper branch of the facial nerve.”
In addition, epidural hematoma may be caused by
CPC.? Therefore, keyhole approaches such as supra-
orbital eyebrow incision approach, mini-pterional
were introduced as an alternative, however, they have
a limited operative working angle.?¥”) Among them,
FLC was determined to be the best, due to its advan-
tages including shorter skin incision, smaller craniot-
omy, no alteration of temporalis muscle, which pre-
vents temporalis muscle atrophy, and less complica-

tion such as postoperative epidural hematoma due to

CSF leak.? In addition, the size of the craniotomy is
absolutely sufficient to reach the whole anterior part
of the Circle of Willis, sellar, suprasellar legion and
also the anterior part of the basilar artery if it is lo-
cated superiorly from the posterior clinoid process
(Fig. 2).Y However, some limitations were also reported.
FLC offers less exposure of certain lesions that need
to be exposed from a more lateral (temporal) perspective:
posterior communicating artery aneurysms pointing
posteriorly, anterior choroidal artery aneurysms, mid-
dle cerebral artery (MCA) aneurysms, and lower posi-

D3 However, in

tioned basilar tip artery aneurysms.
our study, five out of 15 patients had posterior com-
municating artery aneurysms, which were all in the
posterior direction.

Again, temporalis muscle atrophy is an aesthetic
and functional complication of pterional craniotomy,
which can delay patients' rapid recovery or deter
them from returning to their previous occupations.”’
The main factors causing muscle atrophy are 1) de-
nervation, 2) loss of blood supply, 3) inappropriate
muscle tension and 4) muscle fiber injury.? When us-
ing FLC, the temporalis muscle is not manipulated
during surgery, which not only shortens the operation
time, but also discourages development of temporalis
muscle atrophy. In this study, post-operative aesthetic
outcome was proven to be significantly better in the

FLC group than in the CPC group.

CONCLUSION

Our study showed that operation time for FLC
tends to be shorter than that for CPC, with a similar
rate of complication as CPC, a traditional method.

In both our surgical and clinical experiences, FLC

Volume 16 - Number 3 - September 2014 239



USEFULNESS OF FRONTOLATERAL APPROACH FOR CLIPPING

proved to be superior to CPC by providing a safer
and faster operation, with no post-operative temporal
depression. Thus, FLC could be a pragmatic alter-
native for patients with an unruptured intracranial
aneurysm in anterior circulation including posterior
communicating artery, particularly those who highly

demand a better cosmetic result.
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