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Abstract

	 Background:  Cerebrospinal fluid diversion procedures are perhaps the most common procedure in 
neurosurgery, which is sometimes accessed via a posterior approach. However, there are many variations 
either in entry points, trajectories, and questions for their clinical outcomes. This study aimed to reevaluate 
commonly used posterior approach entry points based on 3-dimensional computed tomography (3D-CT) 
technology.
	 Method:  A total of 180 patients who were diagnosed with hydrocephalus were retrieved and cranio-
metric evaluation was done with reconstruction technique for thin cut 3D-CT. Cartesian coordinates of the 
new entry point for posterior ventricular catheter insertion (or the “New occipital entry point” in this study) 
were calculated and the brain parenchymal thickness that is traversed by the catheter via three approaches 
(Keen’s, Frazier’s, and our New occipital entry point) were compared.
	 Result:  The New occipital entry point for posterior ventricular catheter placement is approximately 
4 cm above the inion and 6 cm from the midline for both the right and left sides. The traversed brain pa-
renchymal thickness for the New occipital entry point was statistically significantly less than Frazier’s point 
on both sides (P < 0.001) but more than that of Keen’s point, with statistically significance on both sides 
(P < 0.001 for right side and P = 0.006 for left side). Keen’s point may have the least traversed brain 
parenchymal thickness but it might be difficult to access when the patient is set in a prone position. 
	 Conclusion:  Our study showed that the New occipital ventricle entry point for the posterior ventricular 
approach may decrease the amount of brain parenchymal traversed from catheter insertion. Clinical trials 
in real patients are needed for further evaluation of this entry point.

	 Keywords:	 Occipital parietal point, Frazier’s point, Keen’s point, ventriculostomy, computed tomography, 
3D reconstruction

Research Article
Thai J Neurol Surg 2023;1(1):29-39.



30

วารสารประสาทศัลยศาสตร์ไทย

ปีที่ 1  ฉบับที่ 1  มกราคม - มีนาคม  2566

บทคัดย่อ

การศกึษาเพ่ือหาต�ำแหน่งทางเข้าสูโ่พรงน�ำ้สมองส่วนหลังต�ำแหน่งใหม่ โดยการใช้ภาพเอกซเรย์
คอมพิวเตอร์สามมิติ
	 บทน�ำ:  การผ่าตัดเพื่อระบายน�้ำในโพรงน�้ำสมองส่วนหลังของ lateral ventricle เป็นหัตถการทางศัลยกรรม

ระบบประสาทที่ส�ำคัญ แต่ในทางปฏิบัติแล้วมีความแตกต่างกันค่อนข้างมาก ทั้งในแง่ของต�ำแหน่งที่ใช้เป็นทางเข้า

และวิถทีีจ่ะเข้าสูโ่พรงน�ำ้ในสมอง การศึกษานีเ้พือ่ต้องการทราบถงึต�ำแหน่งทีเ่หมาะสมทีส่ดุทีจ่ะใช้ในการผ่าตัดเข้า

สู่โพรงน�้ำในสมองส่วนหลัง โดยใช้ภาพเอกซเรย์คอมพิวเตอรสามมิติ

	 วธิีศึกษา:  โดยการน�ำข้อมูลภาพเอกซเรย์คอมพิวเตอร์จากผู้ป่วย 180 ราย มาสร้างเป็นแบบจ�ำลองสามมิติ 

จากนั้นน�ำมาท�ำการหาต�ำแหน่งทางเข้าใหม่ โดยใช้ต�ำแหน่งที่มีความหนาของชั้นเนื้อสมองที่ต้องเจาะผ่านเพื่อเข้า

สู่โพรงน�้ำในสมองน้อยที่สุดในแนวระนาบแกน axial  จากนั้นท�ำการเปรียบเทียบต�ำแหน่งดังกล่าวกับต�ำแหน่งทาง

เข้าที่ใช้ทั่วไปในการผ่าตัด พบว่าต�ำแหน่งทางเข้าใหม่ (New occipital entry point) นี้อยู่ห่างจากจุด inion ในแนว

ตั้งประมาณ 4 เซนติเมตร และแนวนอนประมาณ 6 เซนติเมตร มีความหนาของเนื้อสมองที่ต้องเจาะผ่านน้อยกว่า

ต�ำแหน่งFrazierอย่างมีนัยส�ำคัญ แต่มีความหนามากกว่าต�ำแหน่ง Keen อย่างมีนัยส�ำคัญ

	 สรปุ:  ผลจากการวิจยัคาดว่าต�ำแหน่งทางเข้าสูโ่พรงน�ำ้ในสมองต�ำแหน่งใหม่น้ีมศัีกยภาพทีจ่ะใช้เป็นต�ำแหน่ง

ทีใ่ช้ในการผ่าตัดในผูป่้วยจริงได้ โดยยังคาดว่าอาจสามารถปรับปรุงทัง้ต�ำแหน่งและวิถใีห้ดียิง่ขึน้ได้จากงานวิจยัและ

เทคโนโลยีที่ดขีึ้นในอนาคต และผลทางคลนิกิของการผ่าตดัโดยใช้ต�ำแหน่งทางเข้าใหม่นีย้ังต้องการการศกึษาเพิม่

เติมในภายภาคหน้า

	 ค�ำส�ำคัญ:	 โรคน�้ำค่ังในโพรงสมอง, การติดเช้ือหลังการผ่าตัด, การผ่าตัดใส่สายระบายน�้ำผ่านโพรงสมอง

ลงสู่ช่องท้อง, การผ่าตัดใส่สายระบายน�้ำผ่านช่องไขสันหลังส่วนเอวลงสู่ช่องท้อง

Introduction

	 Cerebrospinal fluid (CSF) diversion, either by 

external ventriculostomy drainage (EVD) or other 

shunting procedures, is one of the most common 

procedures in neurosurgery. Despite advancements 

in technology, these procedures are still having a high 

failure rate that does not decrease as time passes. 

Risk factors such as the etiology of hydrocephalus, 

age of the patient, and infections are well documented 

as causes of shunt failure. Catheter obstruction, 

which depends on surgical technique, is also one of 

the common causes of shunt failure1. Improvement in 

accurate catheter placement may result in improved 

shunt survival2,3. 

	 In literature, there are several access points to 

the ventricles, either with free hands, with the help of 

tools and devices, or with a neuronavigational system. 

There are several access sites to the lateral ventricles 

which could be categorized as frontal horn or anterior 

access, temporal horn or lateral access, and poste-

rior horn or posterior access. The posterior parieto-

occipital approach is commonly used for accessing 

the posterior horn of the lateral ventricles, which are 

occipital ventricles and trigones or atriums, and is 

one of the commonly used access points4. However, 

the freehand posterior approach is not well defined 

and there are significant variations in entry point and 

trajectory amongst neurosurgeons4, some based on 

measurement of the pinna of the ears (which are 

soft tissue and can be varied) or some using the 

operator’s fingers which increased the inaccuracies5,6. 

We believe this lack of standardization contributed to 
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incidences of ventricular catheter misplacement.

	 Two of the most common classic entry points 

for the posterior ventricle approach are Frazier’s point 

and Keen’s point. Frazier’s point was initially de-

scribed by Frazier in his series on trigeminal neuralgia 

management in 19287. The described entry point is 6 

cm superior to the inion and 3-4 cm lateral from the 

midline with a trajectory aimed at the opposite medial 

canthus and traversed the cerebral parenchyma 5-6 

cm before reaching the occipital horn of the lateral 

ventricle8. Keen’s point was first described by Keen 

in a child with hydrocephalus presumed to be due 

to a cerebellar tumor in 1888. The entry point has 

been described as a point approximately 2.5-3.0 cm 

behind the pinna. The brain parenchyma is traversed 

around 3-4 cm before reaching the trigone of the 

lateral ventricle8. 

	 Given that the entry point is a major determinant 

of final catheter location and the brain parenchyma 

traversed by the ventricular catheter may cause tis-

sue overgrowth into the catheter leading to shunt 

malfunction17, we reevaluate Frazier’s point and 

Keen’s point with 3-dimensional simulated computer 

tomography (3D-CT) reconstruction technology. Our 

study aims to measure the thickness of the brain 

parenchyma traversed via each posterior approach 

classic entry point and their relation to the point 

which has the thinnest brain parenchyma. We hope 

that our study might reveal the best entry site with 

the least traversed brain parenchymal tissue.

Materials and Methods

Sample size

	 We used the estimation of an infinite population 

mean formula for the calculation of the sample size.

The estimated sample size calculated is 171.

		

	 This study was a descriptive trial and was ap-

proved by the Ethics Council of Bhumibol Adulyadej 

hospital. One hundred eighty patients were collected. 

Sex and age were collected. Evans index was cal-

culated for all patients. The inclusion and exclusion 

criteria are as below;

Inclusion criteria

	 -	 Patients who are diagnosed with hydrocepha-

lus with records on the ICD-10 system (G91-G919) 

from July 2016 to July 2019

	 -	 Thai nationality, age over 18 years

	 -	 Underwent multislice CT scanning with a 

thin overlapping section (slice thickness 1.0) in the 

orbito-meatal plane with 3D facial reconstruction

	 Exclusion criteria

	 -	 Age below 18 years

	 -	 Patients who have asymmetrical ventricles or 

only one intact ventricle

	 -	 Shifting of midline structures or herniations

	 -	 Previous craniotomy or skull defect

	 -	 Intraventricular mass or intraparenchymal 

tumor

	 -	 Patients who previously underwent posterior 

ventriculostomy or shunt procedure

Evaluation of the New Occipital Ventricle Entry 

Point and Traversed Parenchymal Tissue

	 A CT craniometric study by the Syngovia® sys-

tem was used with a soft tissue window in transition 

from caudal to rostral in axial slices. The first cut 
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above both sides of the thalamus was chosen as the 

plane for the entry site 10. On that plane, the line 

between the anterolateral and posteromedial walls 

of the atrium of the lateral ventricle was drawn. Then 

an imaginary line was drawn in the middle, parallel 

and bisecting both referenced lines and extended 

posteriorly, back to intercept with the outer cortex 

of the skull. At that point, we refer to it as our New 

occipital ventricle entry point (Figure 1).  

Figure 1	1A: The first axial CT cut above both sides of the thalamus. Lines were drawn on the anterolateral wall and  
posteromedial wall of the lateral ventricle, then an imaginary line was drawn bisecting those lines. The point at 
which the imaginary line intercept with the outer cortex of the skull is set as the New occipital entry point. 1B: 3D 
reconstruction in the bone window shows a color mark point at the inion (green dot), a midline point at the entry 
plane (orange dot), and the New occipital entry point (red dot).

	 The next step is identifying the inion landmark, 

which is defined as the most prominent part of the 

external occipital protuberance in the 3D-CT scan. We 

then measure the distance between the New occipital 

ventricle entry point and the inion landmark and then 

document them in horizontal & vertical distances re-

spectively (Figure 2). Both sides of the New occipital 

ventricle entry point (left and right) were measured 

and recorded. 
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Evaluation of the brain parenchymal thickness for the 

New occipital ventricle entry point, Frazier’s point, 

and Keen’s point

	 In the same axial CT slice in that, we identified 

the New occipital ventricle entry point, we measure 

the brain parenchymal thickness at this entry point. 

By using the imaginary line (the line bisecting the 

anterolateral and posteromedial wall of the lateral 

ventricle), we measured the traversed brain paren-

chymal tissue for this entry point (Figure 3A). For 

the classic entry point, we identified Frazier’s and 

Keen’s points bilaterally as well. For standardization 

in our study, we set the point 3 cm superior and 3 

cm posterior to the helix of the ear for Keen’s point 

Figure 2	2A: 3D-CT bone window shows the distance between the inion landmark and the New occipital entry point. The 
horizontal distance (x) and the vertical distance (Y) are recorded. 2B: A Comparison of the three studied occipital 
ventricle entry points. Circle = the New occipital ventricle entry point, Triangle = Frazier’s point, Rectangle = Keen’s 
point.

Figure 3	3A: Measurement of the brain parenchymal thickness traversed by the catheters through the New occipital ventricle 
entry point. 3B: The plane of the axial CT slice used for measurement of the traversed brain parenchyma.
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Figure 4	4A: The brain parenchymal thickness traversed by the catheter through Frazier’s point. 4B: The brain parenchymal 

thickness traversed by the catheter through Keen’s point.

in our study9 and the point 6 cm superior and 4 cm 

lateral from the inion as Frazier’s point15. The tra-

versed brain parenchymal thickness for both Frazier’s 

and Keen’s points was measured in the axial CT slice 

perpendicularly to the outer skull cortex (Figure 4). 

The data recorded from these studied entry points are 

analyzed and calculated to find the average distance 

from inion and traversed brain parenchymal tissue.

Statistical Methods

	 The distances for all studied entry points re-

garding the inion and the brain parenchymal thick-

ness were shown in Table 2. We use the average 

and 95% confidence interval to interpret the result. 

The pair-sample t-test was used to determine the 

brain parenchymal thickness differences between our 

New occipital ventricle entry point and both Frazier’s 

and Keen’s point. The Evans’ index was measured 

and shown in average value. A P-value < 0.05 was 

considered statistical significance.

Results

	 Our study involved 180 patients who were diag-

nosed with hydrocephalus. The average age is 50.5 

years old which ranged from 24 years old to 85 years 

old. Most of the patients are male (62.8%). All 180 

patients were studied for both sides of their ventricles 

(total of 360 ventricles). The average Evans’ index 

is 0.38. Demographic data for all patients are shown 

in Table 1.

Table 1  Demographic data

Number of patients	 180		
Ventricles	 Rt: 180	 Lt: 180	 Total: 360
Sex	 Female: 67 (31.2%)	 Male: 113 (62.8%)	
Age (years)	 Min: 24	 Max: 85	 Mean: 50.5
Evans’ index	 Mean: 0.38		

Table 1. Demographic data of the patients included in the study. Rt = right, Lt = left, Min = minimal number, Max = maximal number
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	 The mean brain parenchymal thickness for both 

sides of the three approaches is presented in Table 

3. The traversed brain parenchymal was the most 

in Frazier’s point for both sides, more than our New 

occipital ventricle entry point and Keen’s point, and 

the difference was significant bilaterally (P < 0.05 

for both sides). For Keen’s point, the traversed brain 

parenchymal was less than our New occipital ventricle 

entry point and the difference was statistically sig-

nificant for both sides (P < 0.001 for the right side 

and P = 0.006 for the left side).

	 The descriptive statistics for the coordinates 

of the New occipital ventricle entry point with inion 

as the reference is shown in Table 2. The Cartesian 

coordinates of the New occipital ventricle entry point 

were significantly different from both Frazier’s and 

Keen’s points (P < 0.005). The mean value for the 

horizontal distance from the midline of the New oc-

cipital ventricle entry point using the inion landmark 

was 5.96 cm and 5.78 cm on the right and the left 

side respectively. The mean value for vertical distance 

superior from the inion was 4.08 cm for both the 

right and the left side.

Table 2  The New occipital ventricle entry point with inion as the reference point. 

Distances	 	 Right Hemisphere		  Left hemisphere

	 Mean	 95%CI	 Range	 Mean	 95%CI	 Range
	 (SD)			   (SD)	

Inion reference horizontal 	 5.96	 5.88-6.04	 4.37-7.34	 5.89	 5.79-5.94	 3.95-7.14
distance (cm)	 (0.5)			   (0.5)

Inion reference vertical 	 4.08	 4.0-4.15	 3.05-5.45	 4.08	 4.0-4.15	 3.05-5.45
distance (cm)	 (0.4)	 		  (0.4)	

Table 2. The horizontal and vertical distances from the New occipital ventricle entry point to the inion. SD = standard deviation, CI = 
confident interval, cm = centimeter

Table 3  Traversed brain parenchymal thickness for the three posterior ventricular approaches.

		  Traversed brain parenchymal (cm)

Entry point		  Right ventricle		  Left ventricle

	 Mean	 95%CI	 Range	 Mean	 95%CI	 Range
	 (SD)			   (SD)	 	

The new occipital ventricle	 2.38 	 2.33-2.44	 1.24-3.75	 2.5	 2.29-2.41	 1.65-3.66
entry point	 (0.3)			   (0.35)	

Frazier’s point 	 3.01	 2.97-3.05	 2.64-3.89	 3.12	 3.07-3.16	 2.55-3.77
	 (0.2)			   (0.3)	

Keen’s point 	 2.23	 2.18-2.28	 1.44-3.01	 2.24	 2.2-2.29	 1.75-2.98
	 (0.3)			   (0.25)	

Table 3 Brain parenchymal thickness traversed by each approach. SD = standard deviation, CI = confident interval, cm = centimeter
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Discussion

	 Ventricular catheter placement for patients with 

hydrocephalus is one of the most common procedures 

performed by neurosurgeons and neurosurgical resi-

dents. There are several approaches for accessing 

the lateral ventricles; the posterior approach is one 

of them and perhaps, one with the most variations. 

Lind et al. (2008) analyzed the reconstructed MRI 

images in their patients and reported that the oc-

cipital approach for ventricular catheterization has 

the narrowest margin of error concerning trajectory 

compared to the frontal or lateral approach, mean-

ing that it is the hardest approach11. A prior study 

described the use of a posterior ventricular cannu-

lation guide aimed to reduce the inaccuracy due to 

the free-hand nature of the procedure12. Variations 

among neurosurgeons regarding the entry point and 

the trajectory is another important issue, as there 

is no consensus or standardization in literature or 

even neurosurgical textbooks. Sarkar et al. (2011) 

published improved accuracy of the desired entry 

point with the use of the Vellore localizer10. These 

emphasize the fact that the posterior approach for 

ventricular catheter placement is difficult and can be 

easily misplaced or not achieve good results.

	 In our study, we tried to reevaluate and calcu-

late the mostly used posterior ventricular catheter 

placement entry points (Frazier’s and Keen’s point) 

in the aspect of the brain parenchymal thickness 

that needed to be traversed by the catheter. As in 

our review of the literature, proper catheter place-

ment requires an optimal entry point and trajectory 

and should have a minimal amount of traversed 

parenchymal tissue. We also tried to find the ideal 

entry point which could access the ventricle via the 

thinnest brain parenchymal tissue.

	 Keen’s point is found to have the thinnest tra-

versed brain parenchyma in our study. However, its 

entry point has quite laterally deviated from the other 

two. Practically, we set the patient in a supine posi-

tion with the head turned laterally when performing 

the CSF diversion procedure using Keen’s point. It 

might be very difficult to perform when the patient is 

in a prone position. We then focus on studying the 

differences between Frazier’s point and our New oc-

cipital ventricle entry point as both may be performed 

when we need to set the patient in a prone position 

while Keen’s point is inappropriate. 

	 Our results showed that the New occipital ven-

tricle entry point is situated 4 centimeters above the 

inion and 6 centimeters lateral from the midline. By 

selecting this entry point we based on 2 assump-

tions. Firstly, the thalamus should be avoided, so we 

choose the first axial CT slice above the thalamus. 

Note that the atrium in this CT cut opens anteriorly 

above the thalamus into the body of the lateral ven-

tricle13. Secondly, for the catheter placement through 

the least thickness of the brain tissue, the bisecting 

point of the line tangential to both the anterolateral 

and posteromedial imaginary line is chosen as the 

entry point. We then calculate the average distance of 

this New occipital ventricle entry point concerning the 

inion. We choose the inion as a reference point as it 

is a bony landmark, which is reliable and populated 

by many suggestions.

	 Regarding the trajectory, some variations could 

be problematic and confusing. As referenced, we 

prefer the shortest one as traversing unnecessary 

brain parenchyma may result in an increased risk for 

hemorrhage. Garell et al. (1998) described in their 
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technical note using the point 2 cm in the midline 

above the line connecting the two superior orbital rims 

as a frontal target14. Howard III et al. (1995) use 

the point 1 cm above the supraorbital rim instead. 

They also use the Ghajar posterior ventricular cath-

eter guide to help target the desired point12. Ng et al. 

(2022) use the intersecting point of the contralat-

eral frontal eminence in the axial plane and medial 

canthus in the sagittal plane as the trajectory in their 

technique for their parietooccipital shunt insertion in 

pediatric populations4. Lee et al. (2008) conducted 

a study using MRI data sets from 10 patients and 

reported that for satisfactory catheter placement 

via Frazier’s point (6 cm above the inion and 4 cm 

lateral from midline), the best trajectory target is 4 

cm above the contralateral medial canthus15. 

	 We chose a 3D CT scan for analysis because 

cadaveric studies might be inaccurate because of 

postmortem ventricular collapse. We believe that our 

results are clinically relevant, particularly for young 

neurosurgeons or neurosurgeon residents that are 

still on a learning curve and have not yet apprehended 

the spatial orientation of the ventricle to the skull. 

The use of classical landmarks may be criticized as 

inaccurate in real life and less relevant in an age of 

modern imaging technology. However, our result will 

nevertheless be useful in areas of practice when 

modern imaging or navigators are not available. 

	 Several researchers also have the idea that the 

classic entry site might not be the best one for many 

patients. Garell et al. developed a device called “The 

Localizer” in Iowa, USA. The device headband with 

a trajectory landmark will be worn by the patient, 

and then a posterior projection can be made back 

to identify the entry site for each patient14. Ng et al. 

reported good catheter position in their case series 

of 25 pediatric patients using their 3-point scale 

method. Their entry site varies among each patient 

as their technique uses the patient’s cranium to cre-

ate their craniometric landmark4. These ideas might 

be interesting given that each patient’s cranium is 

unique.

	 Some investigators are pioneering the idea of 

more appropriate entry points rather than classical 

ones. Duong et al. (2019) used the occipital parietal 

point (OPP) which is the point in between Frazier’s 

point and Keen’s point in their series of 93 adult 

patients and reported an optimal catheter position 

with potentially reduced risk of shunt malfunction16. 

Their chosen entry point interestingly shares the idea 

of our Suggested point in that the proper entry site 

is more lateral than the classic Frazier’s point.

	 The trajectory we selected for our New occipital 

ventricle entry point might not be very practical. By 

using the described imaginary line bisecting the an-

terolateral and posteromedial wall of the ventricle, we 

found that this line usually traversed the least brain 

parenchymal tissue and was nearly perpendicular to 

the outer cortex of the skull. This might give additional 

difficulty when performing surgery on real patients. 

	 The major drawback of our study is that we 

must accept that our New occipital ventricle entry 

point might not truly be the point which the least 

traversed brain parenchymal tissue. The trajectory of 

our entry point is based on an axial view CT scan or 

in parallel to the orbitomeatal line and the traversed 

brain parenchymal thickness was calculated only for 

that plane. Regarding the 3D structure of the brain 

parenchymal tissue around the catheter entry point, 

attempts to achieve the least traversed parenchymal 
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thickness by concerning only the axial plane might 

not be appropriate. The best trajectory in the axial 

plane might not be the best when viewed in the 

coronal or the sagittal plane. Ideally, we think that a 

neuronavigational software that can reconstruct the 

brain parenchymal tissue around the interested entry 

point volumetrically in 3D and calculate the trajectory 

which traversed the least brain parenchyma in all 

axial, coronal, and sagittal views might be the ap-

propriate tool for this study (which we do not have 

in our institute).

	 The other limitation of our study is that this new 

entry point is specific to the adult population and 

might not apply to pediatric patients. While using 

our New occipital ventricle entry point, the operator 

still needs to measure the appropriate ventricular 

catheter length, which can be varied among patients. 

Technically, drawing the imaginary lines manuallybythe 

researcher (which is then becoming the trajectory) 

might not be precise or be operator dependent. Ad-

ditional intraoperative complicatedness when using 

our new entry point in a real patient is another concern 

and should be evaluated. Concerns are such as more 

difficulty in pre-operative trajectory planning, pos-

sible increase in operative time, and an additional 

complicatedness of the procedure, etc. Better 3D 

simulation software than ours in combination with 

a neuronavigational system might result in a more 

accurate entry point. Clinical trials are needed to 

evaluate the efficacy and outcomes of procedures 

using our New occipital ventricle entry point. Both 

short-term and long-term side effects, complica-

tions, and shunt survival need to be studied.

Conclusion

	 In conclusion, our result suggests that the New 

occipital ventricle entry point for catheter placement 

via posterior ventricular approach in patients with 

symmetrical hydrocephalus is 4 centimeters above 

the inion and 6 centimeters lateral from the midline. 

A more proper entry point and trajectory might be 

achieved with better neuronavigational software. Our 

results also need to be evaluated with clinical trials 

in real patients.
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