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are of primary concern, as they are often performed by junior 
neurological residents. Therefore, the authors investigated and 
compared the accuracy and safety of two different bedside ven-
triculostomy techniques : at Kocher’s point and at the forehead. 
To the best of our knowledge, this is the first study comparing 
the accuracy and safety of these two techniques.

MATERIALS AND METHODS

Patients
For this retrospective study, we enrolled 227 patients who un-

derwent 250 freehand bedside ventriculostomies in two hospi-
tals, between 2003 and 2009. Among these 250 procedures, 101 
(40%) bedside ventriculostomies were performed using Ko-
cher’s point on 81 patients with acute hydrocephalus, at Dong-
san Medical Center, Keimyung University (group 1). The re-
maining 149 (60%) freehand ventriculostomies were performed 
via the forehead on 146 patients at Kyungpook National Uni-
versity Hospital (group 2).

INTRODUCTION

Percutaneous bedside ventriculostomy with the placement of 
a ventricular catheter is a very common neurosurgical proce-
dure and useful adjunct for the management of acute hydro-
cephalus, intraventricular hemorrhage, and intracranial hyper-
tension. This procedure is performed with a freehand technique 
using surface anatomical landmarks, often in an emergency 
room and intensive care unit. 

Two different cranial sites, Kocher’s point and the forehead, 
are commonly used for percutaneous ventriculostomy. Both 
technical accuracy and safety of ventricular catheter placements 
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Forehead ventriculostomy using axial CT images
For computed tomography (CT) examination of the cranium, 

axial images are commonly obtained parallel to the orbitome-
atal line, at a thickness of 5 mm. Thus, before the percutaneous 
ventriculostomy, the CT images were reviewed and the axial im-
age showing the middle level of the frontal horn was selected as 
guidance image (Fig. 1). The location for the twist drill hole was 
marked on the skin based on the CT image, approximately 4 
cm superior to the nasion and 3 cm lateral to the midline. After 
lidocaine injection, the forehead was prepared aseptically and 
draped, and 1 cm incision was made either in, or parallel to the 
skin crease. The trajectory of the drill bit was determined by 
tilting it from the midline based on an angle measured using 
the guidance CT image, in a plane parallel to the orbitomeatal 
plane. In other words, the twist drill hole was made with the bit 
directed towards a point in the frontal horn anterior to the fora-
men of Monro (Fig. 2). The catheter, with a stylet in place, fol-
lowed the same trajectory for a measured length of 6 to 7 cm. 
Finally, the catheter was tunneled posteriorly under the galea 
aponeurotica and exited behind the hairline. The small skin in-
cision was closed after suturing the frontalis muscle with ab-
sorbable suture material.

Accuracy assessment of ventriculostomy
The grading system proposed by Kakarla et al.8) was used to 

evaluate on the post-procedural CT scans the accuracy of the 
catheter tip location. Grade 1 represented optimal placement 
with the tip either in the ipsilateral frontal horn or in the third 
ventricle through the foramen of Monro. Grade 2 represented 
functional placement into the contralateral lateral ventricle. 
Grade 3 represented suboptimal placement into eloquent struc-
tures or non-target cerebrospinal fluid space, with or without 
functional drainage.

Safety assessment of ventriculostomy
Post-procedural CT scans were used to evaluate the develop-

ment of procedure-related intracranial hematomas (ICH). Fol-
low-up CT scans within a week after the procedure, were also 
evaluated to assess the growth of the hematomas and any de-
layed development of ICH related to the procedure. The ICH 
was defined as a hemorrhage of more than 1 mL, and trivial 
tract ICHs (less than 1 mL) were excluded.

CT volumetry was performed to measure the hematoma vol-
ume. PiViewStarTM software (INFINITT Co., Ltd, Seoul, Korea) 
was used to calculate the area of the intracranial hematoma for 
each axial slice, based on the manually outlined region of inter-
est. The hematoma areas in each slice were then multiplied by 
the thickness of the slice and summed to determine the hema-
toma volume.

Statistical analysis
Data was analyzed using the SAS software version 9.12 for 

Windows (SAS Institute Inc., Cary, NC, USA). The Chi-square 

Techniques of freehand ventriculostomy

Ventriculostomy at Kocher’s point
The following technique described by Friedman and Vries4) 

was used. The location for the twist drill hole and point of in-
sertion of the ventricular catheter was the junction of the coro-
nal suture and a parasagittal plane passing through the pupil of 
the ipsilateral eye. From this site, the ventricular catheter inser-
tion was directed towards the medial canthus of the ipsilateral 
eye, and maintained in the coronal plane that passes through 
the external auditory meatus. This trajectory leads to the fora-
men of Monro. The catheter was passed 6 cm from the outer ta-
ble of the cranium to cannulate the frontal horn and then tun-
neled beneath the scalp. 

Fig. 1. Axial computed tomography scan used as a guidance image 
showing ideal catheter location. The image provides information about 
the entrance point (A) located by the distance measured from the mid-
line to the orbital roof, the angle between the catheter trajectory and the 
mid-sagittal plane (B), the depth of catheter insertion from the skull to 
the ventricular wall (C), and the depth of the catheter insertion from the 
skull to the foramen of Monro (D).

Fig. 2. Concept of freehand forehead ventriculostomy using axial com-
puted tomography scan as a guidance. Note that the CT image is turned 
over left to right. CT : computed tomography.
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rect conversion of the EVD to VPS. EVD-related infection oc-
curred in only 5 (3.3%) patients (Table 1). 

Accuracy of ventriculostomy
In group 1, 82 (81.1%) procedures out of a total of 101 ventric-

ulostomies showed an optimal (grade 1) placement of the ven-
tricular catheter, whereas 4 (3.9%) procedures showed grade 2 
placement of the catheter into the contralateral lateral ventricle, 
and 15 (14.8%) ventriculostomies showed suboptimal grade 3 
catheter placement through the ipsilateral caudate nucleus into 
the third ventricle.

In group 2, optimal (grade 1) placement of the catheter with 
the tip in the ipsilateral frontal horn or in the third ventricle 
through the foramen of Monro was achieved in 139 (93.3%) pro-
cedures (Fig. 3A). Thus, the incidence of optimal catheter place-
ment was significantly higher than that for group 1 (p=0.0034) 
(Table 1). Eight (5.4%) procedures showed functional grade 2 
placement into the contralateral lateral ventricle (Fig. 3B), and 
only 2 (1.3%) procedures elicited suboptimal placement into 
the eloquent cortex or into non-target cerebrospinal fluid space 
(Fig. 3C). 

In group 1, the number of catheter passages ranged from 1 to 
4, and successful ventricular puncture with one catheter passage 
was achieved in 62% of the cases, whereas in group 2, the num-

test was used for statistical comparison of the ventriculostomy 
methods, in terms of accuracy of the catheter placement and 
hemorrhage after the ventriculostomy. A p-value of less than 
0.05 was considered statistically significant.

RESULTS  

Patient characteristics
Group 1 (101 procedures on 81 patients) included the patients 

who underwent ventriculostomy at Kocher’s point, and consisted 
of 38 males and 43 females. The patients’ age ranged from 13 to 
81 years (mean±standard deviation of the mean : 58.6±12.7 
years). The right, non-dominant side was preferred for the proce-
dure in 39 patients, whereas left ventriculostomy was performed 
in 22 patients; bilateral ventriculostomies were conducted in the 
remaining 20 patients, due to massive bilateral intraventricular 
hemorrhage. The acute hydrocephalus requiring ventriculostomy 
was caused by subarachnoid hemorrhage (n=40; 49.4%), non-
aneurysmal ICH and/or intraventricular hemorrhage (n=28; 
34.6%), trauma (n=1; 1.2%), infection (n=2; 2.5%), and other 
causes (n=10; 12.3%). The mean bicaudate index23) was 0.25±0.05 
(range from 0.08 to 0.39). The mean interval from the external 
ventricular drain (EVD) to ventriculoperitoneal shunt (VPS) was 
11.2 days. 23 (22.7%) patients who experienced weaning failure 
underwent direct conversion of the EVD 
to VPS. EVD-related infection occurred 
in 24 (23.7%) patients.

Group 2 (149 procedures on 146 pa-
tients) included the patients who under-
went the ventriculostomy in the forehead, 
and consisted of 52 males and 94 females. 
The patients’ age from 8 to 86 years 
(mean±standard deviation : 58.6 ±16.2 
years). The right side was preferred for 
the procedure in 136 patients, whereas 
left ventruculostomy was performed in 
only 7 patients; bilateral ventriculosto-
mies were conducted in 3 patients, due to 
massive bilateral intraventricular hemor-
rhage. The acute hydrocephalus requir-
ing ventriculostomy was caused by sub-
arachnoid hemorrhage (n=106; 72.6%), 
non-aneurysmal ICH and/or intraven-
tricular hemorrhage (n=32; 21.9%), trau-
ma (n=3; 2.1%), infection (n=1; 0.7%), 
and other causes (n=4; 2.7%). The mean 
bicaudate index was 0.24±0.06 (range 
from 0.11 to 0.38). The two study groups 
were well matched for variables such as 
the patients’ age and bicaudate index. 
The mean interval from EVD to VPS was 
6.2 days. 34 (22.8%) patients who expe-
rienced weaning failure underwent di-

Table 1. Summary of patients’ characteristics and accuracy of ventriculostomy for group 1 (ven-
triculostomy at Kocher’s point) and group 2 (forehead ventriculostomy)

 Group 1 (81 patients/
101 procedures)

Group 2 (146 patients/
149 procedures)

Age, years (mean±SD) 58.6±12.7 58.6±16.2
Sex (%)
    Male 38 (46.9) 52 (35.6)
    Female 43 (53.0) 94 (64.3)
Ventriculostomy side (%)
    Right 39 (48.1) 136 (93.1)
    Left 22 (27.1) 7 (4.7)
    Bilateral 20 (24.6) 3 (2.0)
Diagnosis on admission (%)
    SAH 40 (49.3) 106 (72.6)
    Non-aneurysmal ICH and/or IVH 28 (34.5) 32 (21.9)
    Head trauma 1 (1.2) 3 (2.1)
    Cerebral infection 2 (2.4) 1 (0.7)
    Others* 10 (12.3) 4 (2.7)
Bicaudate index (mean±SD) 0.25±0.05 0.24±0.06
Accuracy
    Grade 1 (%)† 83 (81.1) 139 (93.3)   
    Grade 2 (%) 4 (3.9) 8 (5.4)
    Grade 3 (%) 15 (14.8) 2 (1.3)
Duration of patency (mean interval, days) 11.2 6.2 
VPS operation (%) 23 (22.7) 34 (22.8)
EVD-related infection (%) 24 (23.7) 5 (3.3)

*Others included meningitis, ischemic encephalopathy, and metabolic disorder, †p=0.0034. EVD : external 
ventricular drain, ICH : intracerebral hemorrhage, IVH : intraventricular hemorrhage, SAH : subarachnoid hemor-
rhage, SD : standard deviation, VPS : ventriculoperitoneal shunt
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spective study by Krötz et al.11) However, in that study, the pro-
cedure was performed with the patient on the CT tray and re-
quired several adjustments, including a CT monitor that could 
be observed from the head side of the CT gantry, enough space 
on the head side for the operator, an operation lamp, and tables 
for instruments. Notwithstanding, according to a survey of ven-
triculostomy placement practices by O’Neill et al.16), most prac-
titioners still use only the freehand pass method; only 3% of 
neurosurgical centers use the Ghajar guide on a regular basis 
and only 1% use image guidance. Furthermore, the effective-
ness of the Ghajar guide is limited in patients with a midline 
brain shift or with distorted ventricular system.

The technique of forehead ventriculostomy was originally ad-
vocated by Kaufmann et al.10). In that case, the twist drill hole 
was located 5 cm superior to the nasion and 3 cm lateral to the 
midline, and the catheter was directed toward the midline point, 
3 cm above the external occipital protuberance. However, cos-
metic concerns have hindered the prevalence of this technique, 
resulting in relatively few published reports10,19). Yet, a small in-
cision parallel to, or in the skin crease, a small twist drill hole in 
the skull, and careful approximation of the frontalis muscle, can 
minimize the cosmetic problems. Furthermore, as elucidated in 
the present study, forehead ventriculostomy has as a higher ac-
curacy than the ventriculostomy using Kocher’s point. This can 
be explained by procedural characteristics, such as its depen-
dence on closer surface landmarks and the usage of pre-proce-
dural axial CT scan as guidance image, providing the location 
for the twist drill hole, catheter trajectory, and depth of the cathe-
ter implantation. 

Many patients with external ventricular drainage are required 
to undergo a permanent shunt placement, while approximately 
10 to 30% of patients with aneurysmal subarachnoid hemor-
rhage undergo a ventriculoperitoneal shunt placement3,6,20,24). 
Thus, it is important to preserve potential shunt placement 
sites, such as the frontal (Kocher’s point) and parieto-occipital 
regions12,13,17,21,22), and this is another advantage of forehead ven-
triculostomy.

To ensure maximum safety during ventriculostomy placement, 
the catheter should be implanted into the frontal horn through 
non-eloquent brain tissue. using a minimal number of passag-

es14). In the study by Tominaga et al.23), 
magnetic resonance imaging was used 
to investigate the brain damage resulting 
from a ventricular puncture, and large 
ICHs (more than 3 cm in diameter) 
were seen in 4% of patients. However, 
the present study found a lower inci-
dence of large ICHs >15 mL, with only 
1% in group 1 and 2% in group 2, re-
flecting a high degree of procedural safe-
ty in both hospitals. Forehead ventricu-
lostomy can enhance the accuracy of 
ventriculostomy and reduce the number 

ber of catheter passage ranged from 1 to 3, and successful proce-
dure with one catheter passage was obtained in 80% of the cases.

Safety of ventriculostomy
In group 1, placement of the ventriculostomy catheter result-

ed in the development of tract ICH over 1 mL in 5 (5.0%) out 
of 101 procedures. The amount of hemorrhage ranged from 1.2 
mL to 17 mL (mean±standard deviation : 5.1±6.8 mL). A tract 
ICH >15 mL occurred in one (1.0%) procedure.

In group 2, placement of the catheter resulted in the develop-
ment of ICH in 11 (7.4%) of the 149 procedures. A tract ICH 
>15 mL occurred in 3 (2.0%) procedures. The amount of hem-
orrhage ranged from 1 mL to 30 mL (mean±standard deviation : 
9.3±9.8 mL). The difference in the incidence of a tract ICH >1 
mL between the two groups was not statistically significant 
(p=0.264).

DISCUSSION

Since the first report by Tillmanns21), introducing the tech-
nique of ventriculostomy with catheter placement at a point 
along the midpupillary line, 10 cm posterior to the nasion, few 
practical changes have been made to improve the accuracy of 
this technique, despite recent advances in neuro-imaging tech-
niques. Several studies have investigated the accuracy of the free-
hand placement of a ventriculostomy catheter using Kocher’s 
point. Kakarla et al.8) reported 77% optimal catheter placement in 
the ipsilateral frontal horn and the third ventricle, through the fo-
ramen of Monro, whereas Huyette et al.7) reported only 56% 
catheter placement in the ipsilateral lateral ventricle. 

Thus, efforts to increase the accuracy of ventriculostomy at 
Kocher’s point have included the Ghajar guide and image guid-
ance. The Ghajar guide consists of a molded plastic tripod that 
is applied to the patient’s scalp; the catheter is introduced through 
the central guide tube directed perpendicular to the tripod base, 
and providing a high rate of accuracy for catheter placement5,15). 
In a prospective study using the Ghajar guide at Kocher’s point, 
24 (96%) out of 25 patients received optimal catheter placement 
in the ipsilateral frontal horn15). Similarly, image guidance can 
also provide accurate catheter placement (95%), as in the pro-

Fig. 3. Computed tomography images with grading system used to evaluate catheter tip location in 
a case of forehead ventriculostomy. A : Optimal placement with the tip in the ipsilateral frontal horn 
of the lateral ventricle (grade 1). B : Functional placement into the contralateral lateral ventricle 
(grade 2). C : Suboptimal placement into the third ventricle through the caudate nucleus (grade 3).

A B C
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of passages of the catheter through the frontal lobe. Thus, it can 
reduce the risk of frontal lobe damage, responsible for emotion-
al and social behavior changes and decision-making impair-
ment2,18).

While the success rate of VPS was not different between the 
two investigated groups, there was significant difference in the 
mean interval from EVD to VPS placement and in EVD-relat-
ed infection rates. It is because the time of weaning from EVD 
was shorter in group 2, compared to group 1. In group 2, in all 
patients with weaning failure, it has been our practice to per-
form early weaning from EVD (at 4 or 5 days after EVD inser-
tion) for early placement of a VPS, so infection and immobili-
zation are minimized9). In our previous study regarding early 
shunt conversions, the mean interval from EVD to VPS place-
ment was 6.4 days, with no ventriculitis or shunt-related infec-
tion, and a low revision rate (6.1%) during the follow-up peri-
od. Thus, that study showed that earlier weaning from EVD 
and conversion to VPS could effectively treat SAH-induced hy-
drocephalus and decrease EVD-related infection rates. Bota et 
al.1) reported EVD-related infection rates of 0 to 22% and iden-
tified many of the risk factors, including SAH, IVH, cranioto-
my, cranial fracture, systemic infection, and longer duration of 
EVD. Results showed that the EVD-related infection occurred 
after at least 3 days and the rate of infection increased linearly, 
between days 3 and 9, associated with longer stay in the inten-
sive care unit.

This study has limitations, as it was a retrospective review 
from only two institutions. In addition, differences in the skill 
of individual neurosurgeons could have affected the results.

CONCLUSION

External ventricular drain placement is commonly performed 
with a freehand technique, using surface anatomical landmarks. 
Two different cranial sites, i.e., Kocher’s point and the forehead, 
can provide accurate and safe ventriculostomy. In our study, the 
forehead ventriculostomy provided higher accuracy for the 
ventricular puncture. 
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