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Open clipping surgery to treat cerebral aneurysms 
requires improvement in the safety of the proce-
dures. In particular, localization and exposure of 

the aneurysm depends on the anatomical knowledge and 
expertise of the surgeon. However, even very experienced 
neurosurgeons sometimes experience difficulty in localiz-
ing the aneurysm and may damage the brain with unneed-
ed dissection in certain cases, such as aneurysms in the 
distal middle cerebral artery (MCA) or posterior cerebral 
artery and abnormal arterial displacement due to thick 
hematoma. Keyhole surgery requires precise placement 
of the minicraniotomy at the point of the sylvian fissure 
opening for MCA aneurysms or rectal gyrus resection 
for anterior communicating artery (ACoA) aneurysms. 
Image-guided surgery using a computer-assisted naviga-
tion system has been extremely useful for treating various 
deeply located pathologies in daily neurosurgical practice. 

However, the conventional navigation system monitor is 
remote from the operative field, which requires the sur-
geon to look away in order to check the monitor.

The head-up display (HUD) system is designed to pro-
vide image information directly in the operator’s line of 
sight. The HUD system was originally developed for mili-
tary aircraft pilots to display generic information such as 
airspeed, altitude, horizon line, flight data, and target des-
ignation in the view line of the pilot. The great advantage 
of this system is that the user need not look away from 
the current view field. Consequently, HUD can allow the 
surgeon to observe the navigation image without look-
ing away from the surgical field to the secondary display. 
Therefore, the HUD navigation system is considered to 
give better visual feedback regarding the operative field. 
We recently started to use the HUD navigation system 
during aneurysm clipping surgeries at our institution.
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OBJECTIVE The head-up display (HUD) is a modern technology that projects images or numeric information directly 
into the observer’s sight line. Surgeons will no longer need to look away from the surgical view using the HUD system to 
confirm the preoperative or navigation image. The present study investigated the usefulness of the HUD system for per-
forming cerebral aneurysm clipping surgeries.
METHODS Thirty-five patients underwent clipping surgery, including 20 keyhole surgeries for unruptured cerebral an-
eurysm, using the HUD system. Image information of structures such as the skull, cerebral vasculature, and aneurysm 
was integrated by the navigation software and linked with the positional coordinates of the microscope field of view. “Im-
age injection” allowed visualization of the main structures that were concurrently tracked by the navigation image, and 
“closed shutter” switched the microscope field of view and the pointer image of the 3D brain image.
RESULTS The HUD system was effective for estimating the location and 3D anatomy of the aneurysm before crani-
otomy or dural opening in most patients. Scheduled keyhole minicraniotomy and opening of the sylvian fissure or partial 
rectal gyrus resection were performed on the optimized location with a minimum size in 20 patients.
CONCLUSIONS The HUD images superimposed on the microscope field of view were remarkably useful for less inva-
sive and more safe aneurysm clipping and, in particular, keyhole clipping.
https://thejns.org/doi/abs/10.3171/2017.5.JNS162692
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Here we describe the use of the HUD navigation sys-
tem for cerebral aneurysm clipping as well as our initial 
clinical experiences and assesses the feasibility of this 
technique in performing keyhole clipping surgeries.

Methods
This study included 35 patients with unruptured ce-

rebral aneurysms who underwent open clipping surgery 
performed with the aid of HUD navigation systems at 
the National Defense Medical College Hospital between 
September 2014 and May 2016. For comparison, a control 
group of 41 patients who had undergone the same treat-
ment before the induction of the HUD systems, between 
October 2012 and August 2014, were also analyzed. These 
cases were consecutive; large or giant aneurysms and 
complicated cases requiring skull base techniques were 
excluded. Clinical data were obtained retrospectively from 
the medical charts and neuroimages (Table 1). Fifteen pa-
tients in the HUD group and 20 patients in the control 
group were treated using standard frontotemporal crani-
otomy, and 20 patients in the HUD group and 21 patients 
in the control group were treated via keyhole minicrani-
otomy. The surgical procedures for keyhole clipping were 
as follows. Preoperative planning for keyhole surgery was 
mainly based on 3D CT angiography. A specific method 
based on surgical simulation using 3D images obtained 
in individual patients was applied to allow safe aneu-
rysm clipping using computer simulation of the keyhole 
minicraniotomy.4 Pterional minicraniotomy via an outer 
canthal skin incision was adopted for clipping unruptured 
MCA aneurysms.5 Lateral supraorbital minicraniotomy 
via an eyebrow skin incision was adopted for clipping un-
ruptured internal carotid artery or ACoA aneurysms.6

HUD Systems
Figure 1 shows the flowchart of the procedures per-

formed using the HUD system. Image information ac-
quired from CT or MRI is processed as layered data using 
the navigation software (iPlan Workstation, Brainlab) and 
transferred to the navigation devices (Brainlab). The po-
sitional information of the operating microscope (OPMI 
Pentero, Carl Zeiss) and the patient’s head are precisely 
tracked with the navigation system and infrared camera. 
Segmented object information is integrated as HUD in-
formation on the microscope field of view. The HUD sys-
tem has 2 viewing functions on the microscope field of 
view: image injection and closed shutter (Fig. 2). Image 
injection enables us to estimate deep anatomical informa-
tion tracked by the segmented object image displayed on 
the microscope field of view in real time. Closed shutter 
enables us to assess 3D anatomy by switching from the 
operative field to the navigation image without turning our 
eyes away from the microscope field of view.

Statistical Analysis
Complications and outcomes were compared between 

the HUD and control groups. Craniotomy size and opera-
tive time for keyhole craniotomy were also analyzed as 
additional parameters. The t-test was used for comparison 
of the HUD and control groups; p < 0.05 was considered-

significant. The data are shown as the median with inter-
quartile range (IQR).

Results
All 35 patients underwent clipping surgery for unrup-

tured cerebral aneurysms and were discharged with no 
major complications and no permanent neurological defi-
cits. Only 1 patient in the HUD group and 1 patient in the 
control group had postoperative events, which consisted 
of cerebral ischemia and hemorrhage, respectively, but 
without permanent symptoms. The operative time for key-
hole surgery showed no significant difference between the 
HUD and control groups (202 ± 42 minutes vs 192 ± 41 
minutes, respectively). The characteristics of the keyhole 
surgery for the 20 patients who underwent aneurysm clip-
ping were as follows: skin incision of 35–45 mm, pteri-
onal craniotomy of 23 mm (IQR 22–25 mm) × 22 mm 
(IQR 20–23 mm), lateral supraorbital craniotomy of 28 
mm (IQR 27–28.25 mm) × 21 mm (IQR 20–23 mm), and 
dural incision of 20 mm (IQR 17–21 mm) × 15 mm (IQR 
15–16.5 mm). Craniotomy size was significantly smaller 
in the HUD group than in the control group for the pteri-
onal keyhole, but not for the lateral supraorbital keyhole 
(Fig. 3).

Illustrative Cases
Case 1

A patient with a right MCA aneurysm was treated via 
the right pterional keyhole approach using the HUD sys-
tem (Fig. 4) (Videos 1 and 2).

VIDEO 1. Case 1. A 59-year-old female patient underwent clipping 
surgery via a left pterional keyhole craniotomy for a left MCA aneu-

TABLE 1. Clinical characteristics of patients who underwent 
clipping surgery for cerebral aneurysms before and after 
introduction of the HUD system

Characteristic Control Group HUD Group

Treatment date October 2012  
to August 2014

September 2014  
to May 2016

No. of patients 41 35
Sex, n
 Male 15 11
 Female 26 24
Age, yrs
 Range 44–77 44–79
 Mean 63.5 62.3
Craniotomy procedure, n
 Keyhole 21 20
 Standard 20 15
Location of aneurysm/keyhole, 

n (%)
  Distal anterior cerebral artery 0 (0) 2 (0)
  ACoA 10 (5) 6 (5)
  MCA 24 (11) 21 (12)
  Internal carotid artery 7 (5) 6 (3)
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rysm with the aid of the HUD system. Using “image injection,” the 
aneurysm location was estimated before the dural incision. Using 
“closed shutter,” the 3D information of the aneurysm and affected 
arteries are provided. The dome of the aneurysm was estimated 
to be bedded under the temporal lobe. The aneurysm was com-
pletely exposed and clipped as expected. Copyright Department of 
Neurosurgery, National Defense Medical College. Published with 
permission. Click here to view.

VIDEO 2. Case 1. A 59-year-old female patient underwent clipping 
surgery via a right pterional keyhole craniotomy for a right MCA 
aneurysm with the aid of the HUD system. After the right pterional 
keyhole was made, HUD showed that the aneurysm was located 
more laterally. Therefore, the keyhole was extended 2 mm laterally 
using a high-speed drill. The aneurysm embedded in the temporal 
lobe was exposed and successfully clipped. This case shows HUD 
is useful for adjusting the location and size of the keyhole minicrani-
otomy during the operation. Copyright Department of Neurosurgery, 
National Defense Medical College. Published with permission. Click 
here to view.

The craniotomy, dural opening, and locations of specific 
structures were estimated on the HUD images before skin 

incision, which helped us to adjust the opening location 
or size. Craniotomy was extended by drilling to only the 
necessary size and direction. HUD information was use-
ful for estimating the location of the aneurysm just be-
neath the superficial middle cerebral vein and minimizing 
arachnoid dissection to that necessary and sufficient for 
the clipping maneuver.

Case 2
A patient with an ACoA aneurysm was treated via the 

right supraorbital keyhole approach (Fig. 5). After open-
ing the opticocarotid cistern via the subfrontal approach, 
the HUD system indicated that the aneurysm was hidden 
under the rectal gyrus. Minimum aspiration of the rectal 
gyrus was performed for the clipping maneuver based on 
the HUD information.

Discussion
The frameless neuronavigation system is mandatory for 

FIG 1. Flowchart of the procedures from registration of image data to linkage with the HUD system. A: Image information acquired 
by CT or MRI is processed as layered data using the navigation software (iPlan Workstation, Brainlab) (1) and transferred to the 
navigation devices (Brainlab) (2). B: Positional information of the operating microscope (OPMI Pentero) (3) and the patient’s head 
are precisely tracked with the navigation system and infrared camera. Copyright Carl Zeiss Meditec, Inc. Published with permis-
sion. C: Segmented object information is integrated as HUD information on the microscope field of view. The HUD system has 2 
viewing functions on the microscope field of view: image injection and closed shutter.
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routine neurosurgical operations such as brain tumor sur-
gery, especially glioma surgery, but is less common in 
cerebrovascular surgery for various reasons.1,3,8 Naviga-
tion based on 3D digital subtraction angiography with or 
without other imaging modalities has been applied to open 
clipping surgery, but the main methods of data acquisi-
tion for neuronavigation are MRI and/or CT with lower 
sensitivity and spatial resolution for small aneurysms.11,12 
Aneurysm clipping surgery is based on the so-called “cis-
ternal approach” rather than the “trajectory approach”; 
thus surgeons tend to rely on anatomical knowledge and 
experience to localize the aneurysm and avoid looking 
away from the operative field to check the navigation im-
age on a separate monitor. However, aneurysm localiza-
tion is sometimes hindered by an uncommon aneurysm 
location, such as a distal MCA aneurysm or posterior ce-
rebral artery aneurysm embedded in brain tissue, abnor-
mally shifted vasculature due to hematoma, or restricted 
operative field for keyhole surgery. Therefore, navigation 
for open clipping surgery is considered to be useful in spe-
cific cases.2,7,9,10

The present study described our primary experience 
of performing aneurysm clipping surgery using an HUD 

FIG 3. Craniotomy size in keyhole clipping surgeries for unruptured ce-
rebral aneurysms. For these box-and-whiskers plots, the box indicates 
the IQR, the middle line indicates the median value, and the whiskers 
indicate the range. *p < 0.05. 

FIG 2. Intraoperative maneuver using the HUD functions. A: In standard neuronavigation, the surgeon confirms the structures on 
the navigation monitor by looking away from the operative field. B: Using HUD, the surgeon confirms the structures without turn-
ing away from the microscope field of view. C: Image injection enables us to estimate deep anatomical information tracked by the 
segmented object image displayed on the microscope field of view in real time. Closed shutter enables us to assess 3D anatomy 
by switching from the operative field to the navigation image.
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navigation system. The scheduled best location and size 
of the keyhole minicraniotomy were projected in the mi-
croscope field of view of the patient’s face by HUD to fa-
cilitate the optimal skin incision. The scheduled keyhole 
minicraniotomy was also projected on the view of the ex-
posed skull so precisely that the same bone window was 
the preoperatively determined target. The aneurysm was 
projected on the view of the exposed brain surface, which 
helped to minimize the sylvian fissure opening in cases 
of MCA aneurysms and rectal gyrus resection in cases of 
ACoA aneurysms. Although brain shift during intradural 
procedures remains a problem with navigation-guided sur-
gery, the HUD system helped to localize and manipulate 
the aneurysm embedded in the brain tissue under the di-

rect microscope view. At each key step, the HUD images 
superimposed in the microscope field of view helped the 
operator to precisely conduct the surgical manipulations 
and avoid unnecessary dissection without looking away 
from the operative field.

Unfortunately, the image quality on HUD is poorer 
than that on the original images because the image infor-
mation acquired using 3D CT angiography is preoperative-
ly compressed by the layering process of the navigation 
software to prevent intraoperative freezing of the naviga-
tion systems due to data overload. However, the present 
quality of 3D rendering was still useful in that the surgeon 
could confirm the angiographic 3D image superimposed 
on the surgical field without moving the line of sight from 

FIG 4. Case 1. Right MCA aneurysm treated via the right pterional keyhole approach. A: Before craniotomy, the location of 
specific structures such as the superficial middle cerebral vein, MCA, and aneurysm are estimated by image injection. B: Keyhole 
craniotomy was minimized with the aid of HUD. C: After semicircular dura incision, the running aspect of the superficial middle 
cerebral vein is confirmed to match the image as expected on the HUD before craniotomy. D: Image injection shows the 2D 
location of the aneurysm and the surrounding structures including the superficial middle cerebral vein. E: Closed shutter clarifies 
the location of the aneurysm just beneath the superficial middle cerebral vein with the 3D image. F: After minimization of the 
arachnoid incision based on the HUD information, the aneurysm is detected at the expected location under the superficial middle 
cerebral vein.
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the operating microscope. In the future, HUD informa-
tion without deteriorated image quality might be achieved 
by improving both the software and hardware used in the 
navigation system.

The craniotomy size of the pterional keyhole was signif-
icantly smaller in the HUD group than in the control group, 
although that of the lateral supraorbital keyhole showed no 
significant difference. Minimizing the craniotomy was not 
our only objective, but the HUD was clearly useful for min-
imizing the craniotomy, or the opening site of the brain, be-
fore exposing the aneurysm. Although the HUD gave only 
an incremental improvement over standard navigation, the 
surgeons were given a sense of stability by the superimpo-
sition of the location or 3D structures of the aneurysm and 
the surrounding vessels on the surgical field view.

Conclusions
HUD images superimposed on the microscope field of 

view were remarkably useful for less invasive and safe an-
eurysm clipping and, in particular, keyhole clipping.
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