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Background Comparative studies between standard pterional and supraorbital key-
hole approaches for aneurysms had potential biases with the heterogeneity of patient 
selection, differences among surgeons, or varying expertise across the surgeon’s learn-
ing curve. This is a study of a surgeon’s transition from pterional to keyhole approach 
for early clipping of selected consecutive ruptured anterior circulation aneurysms.
Methods Patients more than 18 years, presenting within 72 hours of ictus, in good 
clinical grades 1 to 3, no midline shift, with saccular aneurysms less than 25 mm at 
either communicating segment of internal carotid artery, anterior communicating 
artery, or middle cerebral artery segment till bifurcation were studied between the 
last 25 cases of pterional and first 25 cases of the keyhole, for the intraoperative and 
postoperative surgical outcome parameters.
Results There was no significant difference among baseline parameters, including 
the location of aneurysms across both groups. While only four cases of pterional had 
an intraoperative ventricular puncture, the lumbar drain was electively inserted in all 
keyhole patients. The intraoperative parameters, such as a dural tear, adequate parent 
vessel exposure, temporary clipping, and intraoperative rupture, did not show any sig-
nificant difference. None had immediate postoperative deficits. While delayed cerebral 
ischemia and wound complaints were similar in both groups, temporal hollowing and 
chewing difficulty were significantly more in pterional patients(p = 0.01).
Conclusion A surgeon experienced in pterional approach can comfortably and safely 
shift to the keyhole for early clipping of selected ruptured aneurysms less than 25 mm, 
with a comparable surgical outcome but better cosmesis and mastication.
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Introduction
Subarachnoid hemorrhage (SAH) has an enormous burden 
of morbidity, more so in low- and middle-income coun-
tries.1-4 The role of the supraorbital keyhole approach for 
intracranial aneurysms, despite being a matter of debate, has 
relevance in countries where widespread use of endovascular 
coiling is still not economically viable.

The standard pterional craniotomy has stood the test of 
time with feasibility to do ventricular puncture, more exten-
sive Sylvian fissure dissection, even in the relatively tense 
brain, drilling of anterior clinoid process, ability to tackle 
multiple, giant and complex aneurysms, and spacious enough 
to manage inadvertent complications. However, this requires 
a long skin incision, extensive dissection, and has the risk for 
adverse effects inherent to the broad exposure. As a result, 
the supraorbital keyhole approach is gaining grounds since 
van Lindert et al reported their technique in 1998 as a min-
imally invasive approach for aneurysmal clipping in parallel 
with the evolution of endovascular techniques.5

Although retrospective descriptive studies of minimally 
invasive approaches are ample in the literature, there is a 
paucity of controlled studies comparing standard pterional 
and supraorbital keyhole approaches for ruptured intra-
cranial aneurysms. Heterogeneity of patient selection, dif-
ferences among surgeons, and varying expertise across a 
surgeon’s learning curve are some of the major lacunae of 
bias in these. This is a single-surgeon transition-phase com-
parative study on early clipping of select consecutive anterior 
circulation aneurysms presenting with SAH, between the last 
25 cases of pterional craniotomy and first 25 cases of supra-
orbital keyhole approach.

Methods
The first 25 consecutive patients of SAH who underwent 
supraorbital keyhole clipping by a single surgeon with 
the following criteria were enrolled. The selection crite-
ria included age more than 18 years, presentation within 
72 hours of ictus, the World Federation of Neurosurgical 
Societies (WFNS) grades 1 to 3, computed tomography (CT) 
showing no midline shift (≥5 mm), CT Angiography revealing 
saccular aneurysms less than 25 mm at either communicat-
ing segment of internal carotid artery (commICA), anterior 
communicating (Acom) artery, or middle cerebral artery 
(MCA) segment till bifurcation. The last 25 consecutive cases 
of pterional clipping by the same surgeon with identical 
selection criteria were included as historical controls.

Surgical Techniques
Clipping was performed in all these cases within 24 hours 
of admission. The side of the surgical approach was deter-
mined as per the location and predisposition of the aneu-
rysm. Pterional craniotomy utilized a curvilinear incision 
extending from just above the zygomatic arch extending 
an inch behind the hairline to just across the midline. Free 
bone flap craniotomy fashioned using the drill, followed 
by durotomy. The ventricular puncture was performed in 

the case of the tense brain with hydrocephalus. Sylvian 
fissure dissection was done, the carotid and other cisterns 
were defined, and the proximal vessels were identified. 
Temporary clipping was done, followed by neck dissection 
and permanent clipping. The aneurysm was punctured. 
Intraoperatively, indocyanine green was used to verify the 
nonfilling of the aneurysm whenever needed. Other coex-
isting aneurysms in the same corridor were also clipped. 
After hemostasis, the wound was closed in layers after the 
replacement of the bone flap.

In the supraorbital keyhole approach (►Fig. 1), a lumbar 
drain was inserted preoperatively and kept closed till the 
durotomy. After an eyebrow incision, keyhole basal craniot-
omy was done with or without lateral wing sphenoidotomy. 
The U-shaped dural opening was performed. The lumbar 
drain was opened intermittently from this time onward to 
release cerebrospinal fluid (CSF) till the brain was lax. Sylvian 
fissure was opened along the base as per the necessity. The 
rest of the dissection and clipping were as mentioned above, 
with greater use of coaxial clip applicators. Dural closure was 
followed by replacement and fixing of the bone flap with 
mini plates and screws. Layered closure was then performed, 
and the lumbar drain was removed.

Details of aneurysms (►Figs.  2  and 3), intraoperative 
events such as a dural tear, perioperative CSF drainage, diffi-
cult Sylvian fissure with a pial breach, parent vessel exposure, 
temporary clipping, and intraoperative rupture were noted in 
both the groups. Patients were managed in the intensive care 
unit in the immediate postoperative period on oral mimodip-
ine. Neurological monitoring and CT as per the clinical situ-
ation were performed. Delayed cerebral ischemia (DCI) was 
considered based on “occurrence of focal neurological impair-
ment (such as hemiparesis, aphasia, apraxia, hemianopia, or 
neglect), or a decrease of at least 2 points on the Glasgow 
coma scale, which was not apparent immediately after clip-
ping, and cannot be attributed to other causes.”6 Induced 
hypertension and other measures were used on patients with 
DCI and their response noted. Patients who worsened despite 
induced hypertension were termed as irreversible DCI and 
managed as per the situation. Local wound complaints were 
also noted down. Patients were discharged after 7 days of 
ictus and followed-up subsequently. Temporal hollowing, 
chewing difficulty and cosmesis (►Fig. 4) were assessed at 
around 3 months, along with repeat angiography to look for 
the residual aneurysm. Magnetic resonance imaging was also 
performed at 3 months in patients who underwent keyhole 
clipping to look for retraction changes.

The two groups were compared for statistically significant 
differences using SPSS 21 (IBM Corporation, Armonk, New 
York, United States) utilizing the Chi-square test. Two-sided 
significance tests were used throughout, and the significance 
level was kept at p < 0.05.

Results
Among 50 patients together, 66% had aneurysms located in 
the Acom or MCA, while 14% had aneurysms at multiple loca-
tions (►Table 1). There was no significant difference among 
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baseline parameters, including the location of aneurysms 
across both groups.

The comparison of intraoperative events between the two 
groups is shown in ►Table 1. While only four cases of pte-
rional approach had an intraoperative ventricular puncture 
(one failed), the lumbar drain was electively inserted in all 
the first 25 cases of keyhole approach (three did not drain). 
All other parameters did not show any significant difference. 
Dural tear occurred during the craniotomy in four patients of 
the pterional group, and two of the keyhole group, managed 
with either direct suturing or duraplasty. Difficult Sylvian 
fissure dissection was encountered among three in the pteri-
onal group and four in the keyhole group. All patients could 
undergo adequate parent vessel exposure. While temporary 
clipping was utilized in 20 out of 25 in the pterional craniot-
omy, all keyhole patients underwent elective temporary clip-
ping. Intraoperative aneurysm rupture occurred in six and 
seven in pterional and keyhole groups, respectively.

There were no immediate postoperative deficits in either 
group. DCI was seen overall in 24% of patients in the pterional 
group and 16% in the keyhole group, with no significant differ-
ence. While four and three in pterional and keyhole groups had 
responded to induced hypertension and other measures, irre-
versible DCI occurred in 8% of patients in the pterional group 
compared with 4% in the keyhole group. Among the pterional 
patients, 8% had some wound-related complaints (one had an 
infection and one had swelling), none in the keyhole group 
had any wound issues but not having statistical significance. 
Some hollowing in the temporal region was noted in 36% 
among the pterional patients, and only 4% among the supraor-
bital keyhole group (p = 0.01). Moderate-to-severe hollowing 
was noted in 12% of the pterional group and none in the key-
hole group. Difficulty in chewing was complained by 28% of 
patients in the pterional craniotomy arm, whereas none of the 
patients in the keyhole arm had this complaint (p = 0.01). No 
residual aneurysm was present in repeat angiography in any of 

Fig. 1 Illustrative case of keyhole clipping. (A) Computed tomography angiography revealing Rt. Middle cerebral artery aneurysm. (B) Keyhole 
craniotomy and sphenoidotomy. (C) Sharp dissection of Sylvian fissure, followed by exposure of parent vessel (D) and elective temporary clip-
ping (E). The aneurysms neck is then dissected, and permanent clips applied (F). Indocyanine green intraoperative angiography (G) is routinely 
used to evaluate the aneurysm and vessel patency. (H and I) Bony closure with mini plates and screws.
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the patients. None of the patients in the keyhole group had any 
retraction changes in MRI at 3 months.

Discussion
The concept of the supraorbital approach dates back to 
1982 when Jane et al described their technique using a 
bicoronal skin flap for various pathology, including aneu-
rysms.7 Further refinement of the techniques was reported 
in the late 1980s with advances in microscopes and endo-
scopes. Van Lindert et al described the eyebrow supraor-
bital keyhole approach for the first time, in their series of 
unruptured anterior circulation aneurysms without major 
complications in 1998.5 The supraorbital keyhole approach 
was further expanded and popularized by Perneczky and 
Fries.8 Most of the reports then focused on the feasibility, 
safety, and outcome of the supraorbital keyhole approach, 
initially for unruptured aneurysms and subsequently for 
ruptured aneurysms and other pathologies.9-14 Most of these 
noted good cosmetic satisfaction, pain, and function com-
pared with standard craniotomy.10,11,15,16

The present literature on ruptured aneurysms is hetero-
geneously ambiguous, with only retrospective cohort studies 
comparing supraorbital keyhole with the pterional approach. 
Paladino et al, in 2005, compared the results of the keyhole with 
standard craniotomy done by two groups and documented 
similar overall surgical outcomes.17 Fischer et al, in 2011, com-
pared different types of keyhole with pterional approach and 
reported comparable outcome.18 While some comparative 
studies19-21 have shown shorter operative time, better cosmetic 
outcome, less blood loss, lower craniotomy complications with 
keyhole approach, few studies22,23 have cautioned on higher 
procedural complications and intraoperative rupture with key-
hole among ruptured aneurysms. In a curious comparison of 
the keyhole and pterional approaches on opposite sides in the 
same set of patients, Park et al noted better cosmesis and satis-
faction scores on the side of the keyhole but without any details 

Fig. 3 Keyhole clipping of aneurysm involving branches. (A) 
Multilobulated wide necked aneurysm at right middle cerebral artery 
bifurcation incorporating parts of the branches. (B) Elective tempo-
rary clipping before dissection of the neck. (C) Postclipping status. 
(D) Angiographic confirmation of clipping.

Fig. 2 Keyhole clipping in a patient with double aneurysms. (A) A 
large anterior communicating artery aneurysm pointing to the right 
side, with right internal carotid artery communicating segment 
aneurysm. (B) Postclipping status of Acom complex, and (C) shows 
right angled fenestrated clip encircling commICA. (D) Postoperative 
angiography confirmation of complete clipping. Acom, anterior com-
municating; commICA, communicating segment of internal carotid 
artery.

Fig. 4 Minimal operative footprint after keyhole clipping. Good cosmesis 
(A and C) and lack of retraction changes (B and D) in magnetic resonance 
imaging after keyhole clipping.
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on procedural complications.24 Some other studies comparing 
pterional keyhole with standard pterional also found compara-
ble outcomes among ruptured aneurysms.25,26 All these stud-
ies had reported comparisons of outcomes between different 
surgeons which can be fallacious due to the different levels of 
expertise and learning curve.

The very few publications comparing keyhole with pteri-
onal craniotomy done by the same surgeon had two issues 
of potential bias.19,27 First, they might have probably overesti-
mated the benefits of keyhole performed in the later part of 
the surgeon’s learning curve. Second, it was unclear whether 
all consecutive cases underwent the keyhole approach or the 
approach was selected based on morphology, the multiplic-
ity of aneurysms, orientation, anatomical variations,28 and 
sizes of the frontal sinus. The present study is unique, being a 
single-surgeon study at the time of transition from the pteri-
onal to the keyhole approach. Inclusion of all consecutive cases 
(including multiple aneurysms) as per the criteria and small 
sample size was intended to evade the biases of patient selec-
tion and increasing expertise. This is especially relevant in the 
surgical approach in the acute setting with a tight brain.

Strengths and Limitations
Despite the known limitations of keyhole approach, such as 
difficulty in maneuvering instruments, restricted operative 
corridor, narrow working angles and the need for coaxial 
microinstruments,9,19 it appears in our study to be safe and 
effective even in the hands of keyhole beginners with better 
cosmesis and chewing among the keyhole group. The exclu-
sion of patients in poor grades, those with mass effect, and 

giant aneurysms, makes our study homogeneous for clinical 
application.20,29 The extensive exposure of the brain in the 
pterional approach is associated with much of inflamma-
tory markers and underreported cognitive sequelae which 
also need comparative evaluation.30-33 Though a random-
ized controlled trial comparing the approaches would be 
the most ideal, the ethical dilemma of not providing the 
optimal approach as per the expertise may not permit the 
same. A two-pronged research strategy is needed in future to 
improve the outcome of aneurysms, both on basic sciences as 
well as on technical innovations.34,35

Conclusion
A surgeon experienced in pterional craniotomy can comfort-
ably shift to supraorbital keyhole approach for early clipping 
of ruptured aneurysms less than 25 mm in commICA, Acom, 
and MCA among WFNS grades 1 to 3 with no midline shift, 
maintaining comparable surgical outcome but better cosme-
sis and temporalis function.
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