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Objective : An adjustable Ghajar guide is presented to improve the accuracy of the original Ghajar guide technique. The accuracy 
of the adjustable Ghajar guide technique is also investigated.

Methods : The coronal adjustment angle from the orthogonal catheter trajectory at Kocher’s point is determined based on coro-
nal head images using an electronic picture archiving and communication system. For the adjustable Ghajar guide, a protractor is 
mounted on a C-shaped basal plate that is placed in contact with the margin of a burrhole, keeping the central 0° line of the protrac-
tor orthogonal to the calvarial surface. A catheter guide, which is moved along the protractor and fixed at the pre-determined ad-
justment angle, is then used to guide the ventricular catheter into the frontal horn adjacent to the foramen of Monro. The adjustable 
Ghajar guide technique was applied to 20 patients, while a freehand technique based on the surface anatomy of the head was ap-
plied to another 47 patients. The accuracy of the ventricular catheter placement was then evaluated using postoperative computed 
tomography scans.

Results : For the adjustable Ghajar guide technique (AGT) patients, the bicaudate index ranged from 0.23 to 0.33 (mean±standard 
deviation [SD] : 0.27±0.03) and the adjustment angle ranged from 0° to 10° (mean±SD : 5.2°±3.2°). All the AGT patients experienced 
successful cerebrospinal fluid diversion with only one pass of the catheter. Optimal placement of the ventricular catheter in the 
ipsilateral frontal horn approximating the foramen of Monro (grade 1) was achieved in 19 patients (95.0%), while a suboptimal tra-
jectory into a lateral corner of the frontal horn passing along a lateral wall of the frontal horn (grade 3) occurred in 1 patient (5.0%). 
Thus, the AGT patients experienced a significantly higher incidence of optimal catheter placement than the freehand catheterized 
patients (95.0% vs. 68.3%, p=0.024). Moreover, none of the AGT patients experienced any tract hemorrhages along the catheter or 
procedure-related complications.

Conclusion : The proposed adjustable Ghajar guide technique, using angular adjustment in the coronal plane from the orthogo-
nal trajectory at Kocher’s point, facilitates accurate freehand placement of a ventricular catheter for hydrocephalic patients.
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INTRODUCTION

Ventriculoperitoneal shunting is a regular neurosurgical 

procedure for cerebrospinal fluid (CSF) diversion. Yet, while a 

frameless or frame-based stereotactic technique can be used 

for accurate placement of the ventricular catheter in patients 

with smaller ventricles1,3,8,11,22,23), ventricular catheterization for 

hydrocephalic patients with larger ventricles is still commonly 

performed freehand based on the surface anatomy of the head 

or using the Ghajar guide technique4,6,9,11,12,16,24).

The original Ghajar guide technique using an orthogonal 

catheter guide with a rigid tripod was developed to place the 

ventricular catheter perpendicular to the calvarium at Kocher’s 

point. This is because the superior aspect of the frontal horn of 

the lateral ventricle roughly runs parallel to the overlying cal-

varium on the midpupillary line7). However, despite an im-

proved accuracy with the Ghajar guide technique over free-

hand catheter placement14), this accuracy is signif icantly 

affected by the calvarial slope. The calvarium is not spherical 

and slopes downward from the sagittal midline with individu-

al variations. Thus, catheterization orthogonal to the calvari-

um at Kocher’s point does not always lead to an ideal catheter 

placement in the ipsilateral frontal horn of the lateral ventricle 

near the foramen of Monro14,18,25).

Accordingly, the authors present an adjustable Ghajar guide 

to improve the accuracy of the original Ghajar guide tech-

nique. The proposed guide places the ventricular catheter 

along an ideal trajectory using an adjusted angle from the or-

thogonal trajectory, where the adjusted angle is determined 

based on coronal head images. The accuracy of the adjustable 

Ghajar guide is then investigated and compared with freehand 

catheterization using the surface anatomy of the head.

MATERIALS AND METHODS

Adjustable Ghajar guide
Fig. 1 shows the proposed adjustable Ghajar guide used in 

the present study. A protractor is mounted on a C-shaped 

basal plate with an inferior sleeve that is loosely fitted in a 

frontal burrhole and rotates for positioning in the coronal 

plane. The basal plate, which is placed in contact with the 

margin of the burrhole, keeps the central 0° line of the pro-

tractor orthogonal to the calvarial surface and corresponds 

to a chord of a circle. The catheter guide perpendicular to the 

basal plate follows a trajectory perpendicular to the calvarial 

circle. The ventricular catheter is then inserted into a semi-

tubular catheter guide, which is moved along the protractor 

and fixed using a fixation knob at a pre-determined angle 

based on coronal head images.

Determination of adjustment angle using coronal 
head images

The coronal adjustment angle from the orthogonal cathe-

ter trajectory at Kocher’s point is determined based on a ra-

diographic simulation of the orthogonal catheter trajectory 

using coronal head images, as previously reported by the 

current authors15). This is simulated on coronal computed to-

mography (CT) images reconstructed from axial head imag-

ing or coronal T2-weighted magnetic resonance image (MRI) 

using PiViewSTARTM (INFINITT Co., Ltd., Seoul, Korea), a 

picture archiving and communication system (PACS) that 

integrates simple measurement tools (e.g., distance and angle 

measurements).

On a coronal image at or around the foramen of Monro, a 

burrhole site is marked at a point 3 cm lateral to the midline of 

the skull (Fig. 2A). On a circular line outlining the calvarial 

surface, an approximately 3 cm-long chord is drawn with both 

ends equidistant from the burrhole site (Fig. 2B). A perpen-

Fig. 1. Illustration of the adjustable Ghajar guide.
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dicular line starting at the middle of the chord is then drawn 

to the ventricular system, corresponding to a catheter trajec-

tory orthogonal to the calvarial surface (Fig. 2C). Thereafter, 

the ideal catheter trajectory toward the foramen of Monro is 

drawn from the middle of the chord (Fig. 2D). Finally, the an-

gle between the ideal trajectory and the perpendicular trajec-

tory is measured as the adjustment angle.

Operative technique
With the patient in a supine position and their head turned 

to the side, a burrhole is drilled 3 cm lateral to the sagittal 

midline and 1 cm anterior to the coronal suture. Next, the 

catheter guide of the adjustable Ghajar guide is moved along 

the protractor and fixed using the pre-determined adjustment 

angle. The inferior sleeve of the adjustable Ghajar guide is 

then placed in the burrhole with the basal plate in contact 

with the circular margin of the burrhole and the protractor 

parallel to the coronal plane (Fig. 3).

Thereafter, the ventricular catheter is inserted into the cath-

eter guide to puncture the ventricle. After inserting the cathe-

ter 6 cm into the dura, the remaining procedures are per-

formed as usual4,6,16).

Patient population
Between October 2014 and December 2015, the adjustable 

Ghajar guide technique was applied to 20 patients and pro-

spective data collected on the operative procedures (adjusted 

angle of catheterization from orthogonal trajectory, number 

of catheter passes) and postoperative CT. Based on the post-

operative CT scans, the accuracy of the ventricular catheter 

placement was compared with cases of freehand catheteriza-

tion (n=41) at the same institution.

The inclusion criteria for this study were as follows : 1) age 

>20 years, 2) diagnosis of hydrocephalus, 3) treatment with 

ventriculoperitoneal shunting using the adjustable Ghajar 

guide technique or freehand catheterization based on the sur-

face anatomy of the head, and 4) available preoperative and 

postoperative CT or MRI of the head. The exclusion criteria 

were as follows : 1) midline brain shift, 2) compressed or dis-

torted frontal horn of the lateral ventricle, or 3) ventriculo-

peritoneal shunt placement using a neuronavigation system. 

The study was reviewed and approved by the authors’ institu-

A B C D

Fig. 2. Coronal computed tomography images showing the radiographic simulation of the catheter trajectories to determine the adjustment angle for 
the adjustable Ghajar guide technique. A : A burrhole site (arrow) is marked at a point 3 cm lateral to the midline of the skull. B : An approximately 3 cm-
long chord (red line) is drawn with both ends equidistant from the burrhole site on the circular line outlining the calvarial surface. C : A perpendicular 
line starting at the middle of the chord is drawn to the ventricular system. D : The ideal catheter trajectory toward the foramen of Monro is drawn from 
the middle of the chord. The adjustment angle, the difference between the catheter trajectory (90°) perpendicular to the calvarial surface and the ideal 
catheter trajectory (95°), is 5°.

Fig 3. Intraoperative photograph showing the adjustable Ghajar guide 
used for the ventriculoperitoneal shunt.
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tional ethics committee.

Outcome evaluation
The accuracy of the ventricular catheter placement was 

evaluated using postoperative CT scans based on the follow-

ing grading system. Grade 1 represented an optimal catheter 

trajectory into the ipsilateral frontal horn approximating the 

foramen of Monro. Grade 2 represented medial deviation of 

the catheter leading to a suboptimal catheter trajectory into 

the contralateral frontal horn or a lateral ventricle. Grade 3 

represented lateral deviation of the catheter, including a sub-

optimal trajectory into a third ventricle through an ipsilateral 

caudate nucleus or trajectory into a lateral corner of the fron-

tal horn along a lateral wall of the frontal horn. Grade 4 rep-

resented extraventricular catheterization. For the patients 

who experienced ventriculoperitonel shunting, prospective 

data were collected, including the adjusted angle applied, 

number of catheter placement passes, and postoperative CT 

evaluation.

Statistical analysis
The statistical analyses were performed using an SPSS soft-

ware package (version 19.0; IBM Corp., Armonk, NY, USA). 

The data in this report are presented as the means±standard 

deviations (SD). To compare the adjustable Ghajar guide tech-

nique and freehand catheterized patient groups, Fisher’s exact 

test was used to determine the accuracy of the ventricular 

catheter placement, while a t-test was used for the bicaudate 

index. The results were considered significant for probability 

values less than 0.05.

RESULTS

Patients
The adjustable Ghajar guide technique patients (n=20) con-

sisted of 8 men and 12 women with a mean age of 63.7±15.2 

years (range, 21–81 years), and their bicaudate index ranged 

from 0.23 to 0.33 (mean±SD : 0.27±0.03). Meanwhile, the free-

hand catheterized patients (n=41) consisted of 20 men and 21 

women with a mean age of 67.5±12.4 years (range, 22–80 

years), and their bicaudate index ranged from 0.23 to 0.43 

(mean±SD : 0.3±0.04), which was significantly larger than that 

for the adjustable Ghajar guide technique patients (p=0.019).

Outcomes
For the freehand catheterized patients, the postoperative CT 

scans revealed optimal placement of the ventricular catheter 

in the ipsilateral frontal horn approximating the foramen of 

Monro (grade 1) in 28 patients (68.3%) and suboptimal cathe-

ter placement of grade 2 in 6 patients (14.6%) and grade 3 in 7 

patients (17.1%). In addition, there was one case of intracere-

bral hemorrhage with a volume of 30 mL along the catheter 

trajectory.

Meanwhile, for the adjustable Ghajar guide technique pa-

tients, the adjustment angle ranged from 0° to 10° (mean±SD : 

5.2°±3.2°). In the case of 3 patients, the original orthogonal 

trajectory was used, however, for the other 17 patients, the 

catheter trajectory was realigned laterally from the orthogo-

nal trajectory with an adjusted angle ranging from 2° to 10°.

All the adjustable Ghajar guide technique patients experi-

enced successful CSF diversion with only one pass of the cath-

eter. Plus, the postoperative CT scans revealed optimal place-

ment of the ventricular catheter in the ipsilateral frontal horn 

approximating the foramen of Monro (grade 1) in 19 patients 

(95.0%) and a suboptimal trajectory into a lateral corner of the 

frontal horn passing along a lateral wall of the frontal horn 

(grade 3) in only 1 patient (5.0%). Thus, the adjustable Ghajar 

guide technique patients showed a significantly higher inci-

dence of grade 1 optimal catheter placement when compared 

with the freehand catheterized patients (95.0% vs. 68.3%, 

p=0.024), even though the bicaudate index was lower for the 

adjustable Ghajar guide technique patients. Moreover, none of 

the adjustable Ghajar guide technique patients experienced 

any tract hemorrhages along the catheter or procedure-related 

complications.

DISCUSSION

To place a ventricular catheter into a small ventricle as in 

cases of idiopathic intracranial hypertension, stereotactic neu-

ronavigation is known to be the most accurate and reliable 

method5,11,26). It is thus commonly used for small or distorted 

ventricles at the authors’ institute.

Meanwhile, for hydrocephalic patients with a large ventricle, 

freehand catheterization by an experienced surgeon, freehand 
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catheterization using a special device indicating external ana-

tomical landmarks, the proposed adjustable Ghajar guide 

technique, stereotactic neuronavigation have all been shown 

to achieve high accuracy of ventricular catheterization with an 

incidence of optimal catheterization >90%2,13,18), whereas free-

hand catheterization by an inexperienced surgeon invariably 

results in unsatisfactory accuracy of ventricular catheteriza-

tion. Jung and Kim10) previously reported 93% optimal ven-

tricular catheterization when using an electromagnetic navi-

gation system, while the proposed adjustable Ghajar guide 

technique achieved 95% optimal catheterization.

In the present study, the proposed adjustable Ghajar guide 

technique was compared with freehand catheterization using 

external anatomical landmarks as the standard method of 

ventriculostomy catheter placement. The incidence of opti-

mal catheter placement in the ipsilateral frontal horn with 

freehand catheterization was previously reported at 56.1% by 

Huyette et al.9), and was 68.3% in the current series. Mean-

while, the incidence of optimal catheter placement with the 

proposed adjustable Ghajar guide technique was much higher 

at 95.0% in the current series. A similar technique for adjust-

ing the orthogonal trajectory is currently being investigated 

with a prospective, randomized, two-armed, multicenter trial 

by Schaumann and Thomale20), where the objective of their 

study is to prove the superiority of a guided technique over 

freehand catheterization in terms of the catheter placement.

The technique of Schaumann and Thomale20) uses a cathe-

ter guide and special smartphone software to achieve optimal 

ventricular catheterization21). However, the proposed adjust-

able Ghajar guide technique has the following differences and 

advantages : 1) the adjustment angle is measured using a uni-

versally available PACS, allowing easy and wide application; 2) 

the proposed adjustable Ghajar guide has a unique design. 

The orthogonal trajectory is determined using a basal plate 

placed in a round burrhole, and the large protractor attached 

to the basal plate allows easy reading of the angle scale and 

easy alignment of the catheter guide.

While stereotactic neuronavigation is routinely used by 

neurosurgeons for navigating difficult intracranial lesions, it is 

not the only method that can achieve optimal ventricular 

catheterization in hydrocephalic patients. Moreover, the cost 

and size of the equipment used for stereotactic neuronaviga-

tion and the increased time in the operating room can be lim-

iting17,26). Thus, the global need for cost-effective innovation is 

given in neurosurgery. The proposed adjustable Ghajar guide 

technique can be a simple and inexpensive method for an ac-

curate ventriculostomy.

The proposed adjustable Ghajar guide technique was de-

veloped based on a previous radiographic simulation study 

of catheter trajectories by the current authors15), which re-

vealed that the accuracy of the original Ghajar guide tech-

nique is affected by the calvarial slope lateral to the sagittal 

midline with individual variation, making it suboptimal for 

guiding the ventricular catheter trajectory into the frontal 

horn of the lateral ventricle near the foramen of Monro. The 

radiographic simulation of orthogonal catheter placement 

resulted in 70.2% optimal catheter placement in the ipsilater-

al frontal horn and 29.8% suboptimal placement in the con-

tralateral frontal horn.

In the present study, the proposed adjustable Ghajar guide 

technique was used for hydrocephalic patients without a mid-

line brain shift. Notwithstanding, the adjustable Ghajar guide 

technique would also be particularly useful for placing a ven-

tricular catheter in the case of hydrocephalic patients with a 

midline brain shift or distorted frontal horn of the lateral ven-

tricle as the catheter trajectory can be adjusted according to 

the CT findings.

In a recent US survey of surgical techniques for ventricular 

catheter placement in patients with slit ventricles, the Ghajar 

guide technique was only used by 6.7% of the respondents, 

while the remaining respondents used a freehand technique 

or image guidance19). This low popularity of the Ghajar guide 

technique may be due to the following reasons : 1) low accura-

cy of the Ghajar guide technique, 2) deficiency of an adjust-

ment function of the orthogonal trajectory, and 3) low market 

availability of the Ghajar guide.

The current study has a few important limitations. First, it 

was only based on a small series from a single institution. Sec-

ond, the advantage of the proposed technique in patients with 

a midline brain shift was not considered. Third, the results of 

the current study warrant a future multi-center study includ-

ing a comparison with the original Ghajar guide technique 

and stereotactic neuronavigation.

CONCLUSION

The proposed adjustable Ghajar guide technique, using an 
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angular adjustment in the coronal plane from the orthogonal 

trajectory at Kocher’s point, facilitates accurate placement of a 

ventricular catheter for hydrocephalic patients.
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