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Superficial Temporal Artery-Sparing Mini-Pterional
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Objective : The purposes of this study were to introduce a superficial temporal artery (STA)-sparing mini-pterional approach for
the treatment of cerebral aneurysms and review the surgical results of this approach.
Methods : Between June 2010 and December 2015, we performed the STA-sparing mini-pterional approach for 117 patients with
141 unruptured intracranial aneurysms. We analyzed demographic, radiologic, and clinical variables including age, sex, craniotomy
size, aneurysm location, height of STA bifurcation, and postoperative complications.
Results : The mean age of patients was 58.4 years. The height of STA bifurcation from the superior border of the zygomatic arch
was 20.5 mm±10.0 (standard deviation [SD]). The craniotomy size was 1051.6 mm2±206.5 (SD). Aneurysm neck clipping was possible
in all cases. Intradural anterior clinoidectomy was performed in four cases. Contralateral approaches to aneurysms were adopted for
four cases. Surgery-related complications occurred in two cases. Permanent morbidity occurred in one case.
Conclusion : Our STA-sparing mini-pterional approach for surgical treatment of cerebral aneurysms is easy to learn and has the
advantages of small incision, STA sparing, and a relatively wide surgical field. It may be a good alternative to the conventional
pterional approach for treating cerebral aneurysms.
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INTRODUCTION

rysms is on the rise. It has thus become more important to
reduce surgical complications, including cosmetic problems

Ever since the classical pterional surgical approach was in-

such as this. In order to address this issue, many minimal-in-

troduced by Yasagil, it has been adopted worldwide for the

vasive surgical techniques have been introduced1,2,4,7,17). How-

clipping of intracerebral aneurysms19). However, this ap-

ever, compared to the classical pterional approach, minimally

proach requires a wide incision of the temporalis muscle,

invasive surgical techniques suffer from some limitations

which can lead to the cosmetic problem of temporalis atro-

such as narrow surgical fields and a steep learning curve. It is

13)

phy . Because of the development of health medical exami-

preferable to have techniques that are easy to learn and pro-

nation techniques, surgery of unruptured cerebral aneu-

vide a wide surgical field. Additionally, new surgical ap-
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proaches should optimize the preservation of unaffected

formed the STA-sparing mini-pterional approach for 117 pa-

structures, especially the superficial temporal artery (STA).

tients with 141 unruptured intracranial aneurysms. All

The ideal intracerebral aneurysm clipping technique would

surgical procedures were performed by one senior vascular

be easy for surgeons to learn with a small incision, cause min-

surgeon. Ruptured aneurysm cases and wrapping cases were

imal damage to normal structures, and have a relatively wide

excluded. During the same period, the number of coil embo-

surgical field. Therefore, we designed the tailored pterional

lization cases was 682. Among these, the numbers of unrup-

approach for cerebral aneurysm surgery that spares the STA.

tured and ruptured aneurysms were 459 and 233, respectively.

The purpose of this study was to introduce our STA- spar-

The height of the STA bifurcation was measured preopera-

ing mini-pterional approach for cerebral aneurysm surgery

tively in all patients. This was done by calculating the number

and to review the surgical results of this approach.

of cuts from the superior border of the zygomatic arch to the
STA bifurcation in 2-mm- sections of brain CT images taken
along the orbitomeatal line. Craniotomy size was calculated

MATERIAL AND METHODS

by the following equation: ([long axis diameter+short axis diameter]/2/2)2×3.14. The diameters of the long and short axes

Between June 2010 and December 2015, we conducted sur-

were obtained from postoperative CT images. We also ana-

geries for 1002 aneurysms in 850 patients at our institute. Of

lyzed demographic, radiologic, and clinical variables includ-

these aneurysms, 415 and 587 were unruptured and ruptured,

ing age, sex, craniotomy size, aneurysm location, height of the

respectively. This retrospective study was approved by the lo-

STA bifurcation, and postoperative complications.

cal ethical committee. Within the stated period, we per-

A

B

Fig. 1. Schematic drawing of the surgical technique. A : A skin incision is made from the STA bifurcation ~2–3 cm above the zygomatic arch curvilinearly
to the medial hairline (black dotted line). The green line indicates the squamous suture. Red halos indicate burr hole sites. The area surrounded by a
yellow dotted line is the craniotomy site. B : After craniotomy, sylvian veins are identified on the temporal base of the field. STA : superficial temporal
artery.
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Surgical technique: The STA-sparing mini-pterional approach

Sylvian dissection ensures a view that is as wide as that of the
classical pterional approach.

A schematic drawing of this surgical technique is presented
in Fig. 1. The patient is placed in the supine position on the
operating table. The head is elevated above the heart level to

RESULTS

reduce bleeding and is fixed to a three-pronged Mayfield
head clamp. The head is rotated 30 to 60 degrees away from

Data was collected for a total 117 patients (30 male, 87 fe-

the aneurysm side. Then, the neck is extended about 10 de-

male; mean age 58.4±9.89 years). In these patients, we per-

grees to the so-called “malar top” position. After partial hair

formed 120 STA-sparing mini-pterional surgeries and clip-

shaving at the hairline, the STA main trunk and its frontal

ping of 141 aneurysms. STA-sparing mini-pterional surgery

and parietal branches are measured using micro-Doppler.

was possible in all patients; this was confirmed by brain CT

The skin incision is made just above the STA bifurcation,

angiography on postoperative day 7 (Table 1).

which is about 2–3 cm above the zygomatic arch to the me-

The mean craniotomy size was 1051.6±206.5 mm 2. The

dial hairline curvilinearly. If the patient is bald, a median in-

mean aneurysm size was 3.92±1.77 mm, and ranged from 1.5

cision can be made in a skin wrinkle. For a wider operative

to 10.8 mm. The mean height of the STA bifurcation was 20.5

field than that attained with a small incision, sufficient galea

±10.0 mm from the superior border of the zygomatic arch.

dissection is needed. To avoid facial nerve injury, the galea is

The locations of aneurysms were as follows: middle cere-

bluntly dissected along the linea temporalis and STA main

bral artery (MCA) bifurcation (n=79), anterior choroidal ar-

trunk with a periosteal elevator. The periostium and superfi-

tery (n=13), anterior communicating artery (n=11), posterior

cial temporal fascia should be detached from the base of the

communicating artery (n=10), M1 segment of the MCA

frontozygomatic arch to 1 inch above it with a periosteal ele-

(n=10), A1 segment of the anterior cerebral artery (n=4), in-

vator in order to avoid facial nerve damage. The anterior and

ternal carotid artery (ICA) bifurcation (n=4), and paraclinoid

superior part of the temporal muscle is cut by diathermy

ICA (n=10). Among the 10 cases of paraclinoid ICA aneu-

along the linea temporalis. If an extension of the operative

rysms, 4 received intradural anterior clinoidectomy.

field to temporal lobe is required, the posterior part of tem-

Clipping multiple aneurysms in a single was necessary in

poral muscle should be cut. After reflection of the temporal

18 cases. In five cases, three aneurysms were clipped during

muscle using a fishhook and suture tie, the first burr hole is

one craniotomy. Two cases received bilateral craniotomies.

made at the key hole. The second burr hole is made below the

Contralateral aneurysm clipping was conducted in four cases

temporal squamous suture line. In the case of elderly pa-

(Table 2).

tients, another burr hole may be made in the linea temporalis

There were two surgical complications. In one, a right

to prevent dural tearing. Craniotomy is performed with a
craniotome. The basal area between two burr holes is drilled

Table 1. Patients’ demographic and clinical variables

off with a cutting bur. A craniotomy of about 3×4 cm is

Variable

made. If required, extension to the frontal or temporal area

Sex (M/F)

of the bone f lap can be performed. The sphenoid ridge is

Age in years (mean±SD)

drilled using a diamond bur as needed. Dural tacking sutures

Mean craniotomy size, mm2 (mean±SD)

1051.6±206.5

are used to prevent postoperative epidural hematoma. The

STA bifurcation height, mm (mean±SD)

20.5±10.0

dura is opened in the usual fashion with a curvilinear inci-

Aneurysm size, mm (mean±SD; minimum,
maximum)

sion and elevated using a suture tie. Sylvian veins are identified on the temporal base of the field using a microscope.
10
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Measurement
30/87
58.4±9.89

3.92±1.77; 1, 10.8

M : male, F : female, SD : standard deviation, STA : superficial temporal
artery
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Table 2. Location of aneurysms treated using the superficial temporal
artery-sparing mini-pterional approach

Location of aneurysm

n

Case illustration 2
A 57-year-old woman had three unruptured cerebral aneurysms (Fig. 3) located in right middle cerebral artery bifurca-

ACom

11

PCom

10

AChA

13

MCA bif.

79

STA bifurcation was ~26 mm above the superior border of

M1

10

the zygomatic arch. After reflection of the temporal muscle,

A1

4

a mini craniotomy (3×5 cm) that extended to the frontal side

ICA (paraclinoid)
ICA bif.
Total

10 (*4)

tion, right internal carotid artery bifurcation, and left anterior choroidal artery. A right side approach was performed.

was made. After sylvian dissection, the left anterior choroidal

4

artery aneurysm was clipped via the contralateral approach.

141

The other two aneurysms were clipped immediately. The pa-

*The number of cases for which intradural anterior clinoidectomy was
performed. ACom : anterior communicating artery, PCom : posterior
communicating artery, AchA : anterior choroidal artery, MCA : middle
cerebral artery, bif. : bifurcation, M1 : first segment of the MCA, A1 : first
segment of anterior cerebral artery, ICA : internal carotid artery

tient recovered without any problems.

DISCUSSION

MCA perforating artery infarction occurred after clipping a
right MCA bifurcation aneurysm. The modified Rankin

After the International Subarachnoid Aneurysm Trial, en-

Scale (mRS) score of this patient was 3 at the time of dis-

dovascular treatment became the main surgical method to

charge, and had decreased to 2 at the 6-month follow-up. In

treat cerebral aneurysms8,11,16). However, depending on the

the second case, a subdural hematoma occurred after clip-

anatomic configuration of the aneurysm, it can be difficult

ping a left MCA bifurcation aneurysm. Apart from a mild

to treat with this approach. This is true for wide neck aneu-

headache, the patient had no complaints. This patient’s mRS

rysms, blood blister-like aneurysms, and giant thrombosed

score was 1 at discharge and 0 at the 6-month follow-up.

aneurysms. Furthermore, coiling has low long-term durability12). For these reasons, surgical clipping still plays a primary

Case illustration 1

role in aneurysm treatment.

A 74-year-old man had three unruptured cerebral aneu-

As the treatment of unruptured cerebral aneurysms be-

rysms (Fig. 2). One was located in the left MCA bifurcation,

comes more common, the qualification of treatment is be-

and two aneurysms were located in the left paraclinoid ICA.

coming stricter. It is important to satisfy both objective neu-

A left side approach was performed. The STA bifurcation

rological outcomes and the patient's subjective factors. The

was ~32 mm above the superior border of the zygomatic

risk of scar formation, temporal muscle atrophy, and facial

arch. The skin incision was made just above the STA bifurca-

nerve palsy limit the use of surgical clipping. To overcome

tion, about 3 cm above the zygomatic arch to the medial

these problems, minimally invasive surgical techniques have

hairline curvilinearly. A mini craniotomy (3×5 cm) that ex-

been developed. The primary advantage of these techniques

tended to the temporal side was made. After dural incision,

is that they reduce the wound size by using tailored cranioto-

the sylvian vein and frontal lobe were exposed. Clipping of

mies.

three aneurysms was possible after sylvian dissection and

Minimally invasive surgical techniques are classified into

cutting the falciform ligament. The patient recovered with-

two groups depending on the craniotomy approach. The first

out any problems.

approach is “keyhole” craniotomy, which is in turn classified
into two groups depending on the approach way to the aneurysm. The first is the “subfrontal approach ” to the aneuJ Korean Neurosurg Soc 60 (1): 8-14
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Fig. 2. Case illustration 1. A : White arrows and white and gray arrowheads indicate three aneurysms that were located in the left middle cerebral artery
bifurcation and the dorsal and ventral walls of the paraclinoid ICA, respectively, on a 3D cerebral angiography image. B : The white arrow indicates the
bifurcation of the STA frontal and parietal branches. C : A skin incision was made from the STA bifurcation (~3 cm above the zygomatic arch) to the
medial hairline curvilinearly. D : The anterior and superior part of the temporal muscle was cut. E : Reflection of the temporal muscle using fishhook and
suture ties. F : Mini craniotomy (3×5 cm) was performed using a craniotome. G : The frontal lobe and sylvian fissure as seen under a microscope after
dural opening. H : The internal carotid artery dorsal wall aneurysm was clipped after falciform ligament cutting. I : Multiple clips were seen along the
sylvian fissure after clipping. J : The mini craniotomy (3×5 cm) extended to the temporal side (the red arrow indicates temporally extended craniotomy).
K : Postoperative CT scan showing clips of three aneurysms. ICA : internal carotid artery, STA : superficial temporal artery, CT : computed tomography, FL :
frontal lobe, ON : optic nerve, SV : sylvian vein.

rysm5). This includes the supraorbital keyhole approach using
eyebrow incision

4,17)

. The second is the “trans-sylvian ap-

proach ”14) that includes the pterional keyhole approach1,18).

duce the surgical wound size while maintaining a surgical
field that is as wide as possible. However, atrophy of the temporalis muscle can not be resolved6,10,13,18).

These so-called “keyhole” surgeries have the advantage of a

Our mini-pterional approach falls into the category of a

small wound. However, they also have the inherent limita-

“tailored” pterional approach, and due to the small skin inci-

tion of a narrow surgical field, leading to several problems

sion, small temporalis muscle incision, and small craniotomy

including limited use of instruments, difficulty securing the

size, it has a cosmetic advantage over the conventional pteri-

parent artery after premature rupture, and difficulty seeing

onal approach. Accurate craniotomy around the arachnoid

the back wall of an aneurysm. The second group of mini-

dissection point is required to maintain a wide surgical field.

mally invasive surgical techniques is known as the “tailored”

Minimal incision of the temporal muscle is important for

pterional approach
12

2,3,6,7,19)

. The aim of this approach is to re-

https://doi.org/10.3340/jkns.2016.0707.004

minimizing temporal muscle atrophy. However, the orienta-
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Fig. 3. Case Illustration 2. A and B : 3D image of cerebral angiography showing three aneurysms located in the right middle cerebral artery bifurcation,
the right internal carotid artery bifurcation, and the left anterior choroidal artery. C : The black arrow indicates the bifurcation of the STA frontal and
parietal branches. D : The skin incision was made curvilinearly from the STA bifurcation ~3 cm above zygomatic arch to the medial hairline. E : The
anterior and superior part of the temporal muscle was cut. F : A mini craniotomy (3×5 cm) that extended to the frontal side was made (the red arrow
indicates frontally extended craniotomy). G : Microscopic view of the frontal lobe and sylvian fissure after dural opening. H : Microscopic contralateral
view showing the clip at the left anterior choroidal artery. I : Microscopic view of the internal cerebral and middle cerebral artery aneurysms after
arachnoid dissection. J : The lateral end of incision, ~2 cm above the auricle. K : Postoperative CT scan showing clips of three aneurysms. STA : superficial
temporal artery, CT : computed tomography, cICA : contralateral internal cerebral artery, cON : contralateral optic nerve, FL : frontal lobe, iICA : ipsilateral
internal cerebral artery, iON : ipsilateral optic nerve, M : middle cerebral artery, PCom : posterior communicating artery, SV : sylvian vein.

tion of the craniotomy site may be confusing in this situation. The squamous suture acts as an indicator of the sylvian
15)

proach using this craniotomy were feasible.
The STA bifurcations were found to be, on average, 20.5

fissure location . Therefore, the key point of our mini-pteri-

mm above the superior border of the zygomatic arch. This

onal approach is that squamous suture must be identified,

result is similar to previous research9). STA sparing was pos-

and the burr hole of the temporal side must be made below

sible in all surgeries and may confer several advantages such

it. Although it involves a small craniotomy, the accuracy of

as the reduction of subgaleal hematoma and stimulation of

craniotomy can provide an operative view that is as wide as

wound healing. Furthermore, the spared STA can provide a

that of the conventional pterional approach. Furthermore,

solution for unexpected events such as a donor for rescue by-

intradural anterior clinoidectomy and the contralateral ap-

pass. Another advantage of our mini-pterional technique is
J Korean Neurosurg Soc 60 (1): 8-14
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that it is easy for neurosurgeons to learn since it is similar to
the conventional pterional approach. The bone flap size can
be easily adjusted to a frontal or temporal direction in the
operative field.
One limitation of this study is that it is retrospective and
lacks quantitative analysis of cosmetic factors. Although we
need to test this approach in more patients, the evidence presented here supports our view that the STA-sparing minipterional approach is a safe and easy surgical technique.
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