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Abstract

Introduction: The position of the ventricular catheter tip is critical to shunt success, but few publica-
tions regarding analytical validation of entry points and trajectories for ventricular access can be found in
the literature. No validated data exists on entry points and trajectories for ventricular catheter insertion in
pediatric populations due to differences in head size or age. This study seeks to define a new entry point
for normal pediatric populations based on simple demographic data.

Method: Multi-slice CT scans were performed on 32 pediatric patients who had two intact lateral ven-
tricles. The study used a bisector-defined trajectory line to determine the entry point, entry angle, and
parenchymal mantle. Statistical analysis was performed to develop a model for identification of craniomet-
rics dimensions of posterior ventricular access. The model was validated by calculating the success rate of
ventricular entry using the proposed trajectory line in another sample.

Results: The study found that age was significantly correlated with posteriority and parenchymal man-
tle, while sex was significantly associated with superiority. A multivariate regression model identified the
best-fit equation for predicting entry point characteristics, which were then used to calculate entry points
for the validation sample. The success rate of the entry points was 93.55%, and mean parenchymal mantle
did not differ significantly from the main sample.

Conclusion: An equation-based model was proposed to define the craniometric dimensions of posterior
entry point for ventricular access in pediatric population. The model was proved to transgress the least
parenchymal mantle. Also, more than 90% success rate of the model to enter into the ventricular cavity
makes it a relatively suitable one for young surgeons to accurately insert a posterior ventricular catheter.

Keywords: Ventricular access point; Craniometric points; Pediatric population; Mathematical model;
Parenchymal mantle; Success rate.
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Introduction

It is more than 80 years that the first clinically successful
shunts, improvised by Arne Torkildsen, have been used as the
treatment for hydrocephalus [1]. Since then, despite improve-
ment in many aspects of hydrocephalus and its management,
no major advancement has been achieved in shunt survival, as
so far, more than one-third of shunt failures occur in the first
year after shunt implantation [2,3].

As many as one-third of the shunt malfunctions are due to
ventricular catheter obstruction [3,4]. Brain debris, and epen-
dymal or choroid plexus ingrowth are major etiologies of ven-
tricular catheter obstruction [5]. Therefore, the position of the
ventricular catheter tip (the hole-bearing segment of the cath-
eter) plays a vital role in the fate of the shunt. The ventricular
catheter tip is theoretically determined by ventricular catheter
entry point, catheter trajectory, and catheter length, all of which
are modifiable factors among the indefinite number of factors
that influence VP shunt survival. Although multiple entry points
with various trajectories have been formerly proposed for ven-
tricular access through the posterior skull, but, to the best of
our knowledge, none of them have been analytically validated
regarding success rate for ventricular access, complication rate,
or effect on shunt survival.

Although there is immense clinical data regarding ventricu-
loperitoneal shunt outcomes in the pediatric population, few
publications on the precise ventricular catheter entry points or
their trajectories in the pediatric population can be found in the
literature [6,7]. Apparently, the craniometric dimensions of en-
try points that have been defined in the adult population can-
not be used in the pediatric population due to smaller heads.
In this study, we tried to define a new posterior entry point in
relation to head circumference and age of the normal pediatric
population.

Materials and methods

This study was approved by the ethical council of Tehran Uni-
versity of Medical Science (IRTUMS.MEDICINE.REC.1398.654).
32 pediatric patients, who underwent brain CT because of head
trauma were consecutively enrolled as the main sample in this
study. The indication for CT was determined by the staff physi-
cians at emergency department of Children’s Medical Center.
Multi-slice CT scans with overlapping sections of 1.25 mm were
performed, according to the standard protocol of the center,
to rule out intracranial pathology. The images were obtained in
the orbitomeatal plane, which was defined as a line in the scout
image passing through the anterior orbital roof and external au-
ditory meatus. All had two intact lateral ventricles. No patient
had intraventricular mass, midline shift, porencephaly, mass
effect, history of the previous craniotomy, clinically noticeable
congenital skull anomaly, or skull or scalp defect. Age and head
circumference was also recorded for all participants. Informed
consent was obtained from the patients’ guardians to use the
data for research purpose.

Determination of entry point was done according to our
previous study [8]. In summary, the slice in which the external
auditory canal had maximal length was chosen, and the ante-
rior-most, lateral point of the canal was defined as the “refer-

ence point” (Figure 1). Then, scrolling from rostral to caudal,
the inferior-most slice in which both thalami were not seen
was chosen as the “entry plane” (Figure 2). The interception of
the bisector of the angle defined by the tangent lines to the
medial and lateral atrial walls with scalp and skull was named
the “entry point”. The bisector was defined as the “trajectory
line” (Figure 2), and the obtuse angle between this line and the
tangent line to the scalp was named the “entry angle” (Figure
3). The distance between the interception points of the “tra-
jectory line” to the external table of the skull and the atrium
was defined as the “parenchymal mantle” (Figure 3). Then the
Cartesian dimensions of the “entry point” in reference to the
“reference point” were measured in millimeters.

Statistical analysis

R program (version 4.1.2) was used for statistical analysis.
In order to evaluate correlations between different variables
and their significance, the rcorr function was used, followed by
multiple-comparison correction by Bonferroni correction. We
further used stepwise Akaike Information Criterion (AIC) model
selection in multivariate general linear regression using GLM,
stepAIC, and aictab functions to generate the most accurate
model [9]. Continuous variables were reported using mean and
standard deviation and compared using independent sample T-
test. P-value<0.05 was considered significant.

Validation

In order to validate the model, information on another set
of patients who were referred to our center due to trauma was
recorded. The exact age of the patients was calculated, and
both superiority and posteriority were calculated using the de-
veloped model. Then, using the obtained measurements, the
entry point was determined on both sides of the skull, and a line
was drawn using the mean entry angle derived from the main
sample group, from that point to the ventricle on the same side.
This angle was the mean entry angle in the main sample group.
The length of the line drawn from the inner surface of the skull
to the ventricle was recorded in each case. Finally, the success
of the model was calculated in terms of the percentage of suc-
cessful ventricular entry by the proposed trajectory.

Results

Information and CT scans of 36 consecutive patients were
recorded as the main sample of the study and were used to
draw trajectory lines based on our previously discussed method
[8]. 52.78% of the sample were male, and the mean age of the
sample was 3.59%3.05 years. The mean parenchymal mantle
was 31.12+4.36 mm and the mean entry angle was 74.24+5.56
degree. Analysis of bivariate relationships between demo-
graphic predictors and entry point craniometrics dimensions
revealed that there is no relationship between the entry side
(right or left) and the entry point craniometric dimensions; in
other words, there was no difference between entry point char-
acteristics on either site.

However, age has been significantly correlated with posteri-
ority (r=0.42, p=0.00) and parenchymal mantle (r=0.44, p=0.00)
(Table 1). Furthermore, HC has been significantly associated
with parenchymal mantle (r=0.42, p=0.0), and sex with supe-
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riority (r=0.34, p=0.03). HC and posteriority (r=0.26, p=0.21)
failed to correlate after controlling for the type 1 error rate.

The influence of demographic predictors and their interac-
tion on the entry point characteristics was estimated using step-
wise AIC model selection in multivariate general linear regres-
sion to identify the best-fit model among those describing the
correlation (Table 2). Age explained 19% of the variance of the
posteriority (F=17.03, p-value<0.001, adjusted R-squared: 0.19,
B=1.21, AIC: 490.43). In addition, sex (=5.9963, p-value<.0001)
and age (B=1.6124, p-value<.0001) and their interaction (B=
-0.8347, p-value<.001) accounted for 32% of the variation in
the superiority (p-value<.001, F-statistic: 11.86, adjusted R-
squared: 0.3206, AIC: 366.64). Detailed steps were provided
in Table 3.

The final model resulted in the following equation:
Posteriority=1.21 xAge+31.21
Superiority=(0.78xAge)+(6xSex)+(-0.8347xAgexSex)+53.25

Sex (Male: 1, Female: 2); Age (year) 32 consecutive patients
were included in the validation phase of our study. Entry point
location was calculated using the above equations. One of the
patients had an unsatisfying brain CT scan and was excluded
from further evaluation. Male patients comprised 58.06% of the
validation sample. The mean age of the sample was 4.11+2.87
years (ranging from 0 to 9). The validation sample did not differ
from the main sample in terms of age and sex (p=0.48, 0.66, re-
spectively). Among 62 trajectory lines (one on each side of the
skull), 58 reached the ventricle, resulting in a 93.55% success
rate. Regarding the failed trajectories, one patient had failed
entry on both sides, and the trajectory lines reached the op-
posing ventricles. In one of the cases, although the trajectory
line reached the ventricle on one side, the ventricle could not
be observed on the other side leading to a failed entry. In an-
other case, on the left side, the trajectory line entered the space
between to ventricles. Mean parenchymal mantle, in cases in
which the trajectory line entered the ventricle, was 31.60+£4.92
millimeters. The parenchymal mantle in validation group did
not differ significantly from the main sample (p=0.55).

Figure 1: “Entry plane” is the plane in which the external
auditory canal has the maximal length. Red circle shows the lateral,
anterior-most point of the external auditory canal, which is named
“entry point”.

Figure 2: “Trajectory line” is the bisector of the angle created by
the two tangent lines to the medial and lateral wall of the atrium.
“Entry point” is the point of interception of the “trajectory line” to
the outer table of the skull.

Figure 3: “Entry angle” is the obtuse angle produced by the
interception of the “trajectory line” and the tangent line to the
scalp.

Table 1: Bivariate relationship between demographic
predictors and surgical point characteristics.

Superiority (R, p-val) = Posteriority (R, p-val) Mantle (R, p-val)

HC 0.16, 1.00 0.26,0.21 0.42, 0.00%**
Side 0.03, 1.00 0.09, 1.00 0.09, 1.00
Age 0.22,0.44 0.42,0.00%** 0.44, 0.00%**
Sex 0.34,0.03* 0.05, 1.00 0.01, 1.00
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Table 2: Multivariable regression models were constructed to
estimate surgical points using demographic variables. Only those
combinations that estimates the best Akaike Information Criterion
(AIC) were displayed.

Table 3: Different combinations were assessed to find the best
predictor for surgical entrance point using the AIC. We chose the
model with the lowest AIC value as the best model.

Model AIC AlCc weight
‘ B ‘ Lower 95% Upper 95% P-value Posteriority ~ Age 490.43 0.49
Posteriority Posteriority ~ Age + Side 491.32 0.32
Intercept 3121 28.54 33.88 <0.001 Posteriority ~ Age + Side + HC 492.92 0.14
Age 1.21 0.63 1.78 <0.001 Posteriority ~ Age + Side + HC + Sex 495.21 0.05
Superiority Model AIC AlCc weight
Intercept 47.2580 | 43.5931014 50.9228126 <0.001 Superiority ~ Age + Sex + Age:Sex 366.64 0.55
Age 1.6124  0.8466763 2.3781505 0.0001 Superiority ~ Age + Sex + Age:Sex + Side 367.59 0.34
Sex 5.9963 | 3.6916870 8.3008191 <0.001 Superiority ~ Age + Sex + Age:Sex + Side + HC | 370.03 0.10
Age: Sex -0.8347 -1.3305245 -0.3389666 0.001 Superiority ~ Age + Sex + Side + HC 378.09 0.0
Angle Model AlC AlCc weight
Intercept ‘ 74.24 ‘ 72.95 75.52 <0.001 Angle~1 454.48 0.59
*Indicates an interaction relationship. Angle ~ Side 456.10 0.26
Angle ~ Side + HC 457.90 0.11
Angle ~ Side + HC + Age 460.07 0.04
Angle ~ Side + HC + Age + Sex 462.45 0.01
*Indicates an interaction relationship.
Table 4: Previously proposed posterior entry points for ventricular catheterization. NA denotes “not available”.
Population age by Samples (cadaver/
. Reference ) ) . . Success i
Point . Entry point Trajectory Target which the point radiology/real
point . rate X
has been defined patients)
1.25 inch superior and 1.25 . .
External | . K 2.5 inch superior to contralateral
. inch posterior to external . . . o .
Keen auditory i Rk meatus, perpendicular to Reid Atrium Pediatrics NA Real patient
auditory meatus, in a plane )
meatus : : X base line
perpendicular to Reid base line
X 3 cm above the inion and 2 cm i . .
Dandy [14] Inion o Perpendicular to skull Atrium Adults NA Real patients
lateral to the midline.
X . 6 cm superior to the inion and 3 | 4 cm above the contralateral . .
Frazier [14] Inion Lo X Atrium Adults NA Real patients
cm lateral to the midline medial canthus
X . One fingerbreadth posterior Lateral o .
Kingsly [6] | Parietal boss . i . NA . Pediatrics 98% Real patients
and inferior to the parietal boss ventricle
Tavebi External |57 and 51 millimeters Posterior, | Parallel to orbitomeatal plane, Radiology of
ayebi
v . auditory | and 60 and 58 millimeters with 77-78 degrees angle to a Atrium Adults 100% normal
Meybodi [8] R R R ]
meatus above reference point line tangent to the posterior skull population
Midline distance between a
Duong [19] NA patient’s Keen’s and Frazier’s 4 cm above the nasion Atrium Adults 85% Real patients
point
Discussion brain parenchyma than the two historical points [8]. The aim

Currently, although ventricular shunts are used as one of the
main treatments in children with hydrocephalus and increased
intracranial pressure such as idiopathic intracranial hyperten-
sion, there are many challenges in choosing the point of entry
into the skull and the angle of entry. Extensive studies have
already been performed on adults, but these studies are very
limited in pediatrics population. Especially in children, due to
age-related skull growth, an absolute point may not be ideal for
different individuals. In our previous report, we defined a new
entry point for posterior ventricular access in adults, which has
been suggested to have less technical failure in comparison to
Keen and Frazier’s points. Moreover, this point traversed less

of this study, which to our best of knowledge is the first in its
kind, to define a mathematical model for the craniometric di-
mensions of the posterior ventricular entry point and also the
corresponding trajectory in reference to external auditory me-
atus in pediatric patients. The model used the patient’s sex and
age. Our validation result has proven our model to be highly
successful with low error and acceptable parenchymal mantle.

Various methods have been tried to insert the catheter in
a location that would be free-floating in the ventricular space,
including stereotactic placement of the catheter or use of ste-
reotactic technology to define the entry point and trajectory,
use of endoscope, and use of variety of devices for advance-
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ment of the catheter in the appropriate trajectory [10-13]. The
thought of placement of ventricular catheter without the use of
such sophisticated technology may be of use for young neuro-
surgeons who do not have the spatial orientation to puncture
the ventricles from the posterior of the skull. Also, the utility of
such a point and trajectory in ventricular catheterization of pa-
tients with slit ventricle syndrome cannot be over-emphasized.

Supposing that the best posterior ventricular catheter is the
one with the least traversing brain parenchyma, with its tip re-
siding in the posterior horn, there would be an infinite series of
initial burr holes and trajectories and catheter length. Consider-
ing one or two of these variables constant, the number of op-
tions would be much narrowed. In our previous report, we tried
to keep the entry plane and trajectory constant, thus, we could
find the initial burr hole place. In this report, we used the same
method to find the burr hole place [8].

The reference point in all previously proposed posterior en-
try points was inion [14]. Inion, the tip of the external occipital
protuberance, is usually an easy-to-find bony landmark to be
used as a reference point. Besides the occasions of not being
palpable, inion may not be the exact external equivalent for in-
ternal occipital protuberance, the torcular herophili, or the in-
terception of the tentorial plate and falx. Therefore, using inion
as the reference point may fool the surgeon in order to find the
precise posterior entry points [15]. We have used the external
auditory meatus in our previous report. We demonstrated that
the coefficient of variation for craniometrics dimensions of en-
try point using external auditory meatus as the reference point
was less than that of entry point using inion as the reference
point. Thus, the external auditory meatus was used as the refer-
ence point in this study [15].

Historically, there are three points by which the ventricles
can be cannulated from the posterior of the skull, i.e., Keen,
Dandy, and Frazier points. Morone et al. have published a re-
view on these points regarding their burr hole place and their
trajectory [14]. Cheng et al. have tried to gain access to the
atrium from the occipital horn, which may not be acceptable in
the shunt procedure, although it may be of use in endoscopic
surgery [16]. Others have tried to cannulate the temporal horn
through the occipital horn, which again is not the case for the
shunt surgery [17].

According to Lind et al., there is a wide range of burr holes
and reference points used by neurosurgeons for posterior ap-
proaches in shunt placement [18]. Multiple authors have tried
to define entry points for ventricular access from the posterior
skull; yet, none of them has been validated or evaluated in pedi-
atric patients. Moreover, none of the studies have geometrically
proved that the trajectory has traversed the least brain paren-
chyma. For instance, Duong et al. have chosen a point in the
posterior atrial wall in an axial CT scan slice, by which, as they
speculate, put the least brain thickness in hazard, although was
not proven and validated [19]. Other proposed points are pre-
sented in detail in Table 4.

Our result showed that the geometric position of the entry
point compared to the reference point is defined by age and
sex, but not the head circumference. This is in contrast to the
expectation that head circumference and age are correlated
both physiologically and statistically. We do not have a good
explanation, but a postulation could be that although the two
quantities are statistically correlated in our specimen, age is a
much more varied quantity rather than head circumference, as

its coefficient of variation is more than that of head circumfer-
ence.

Finally, one of the positive points of our study is the model
validation step. As mentioned, none of the previously proposed
points has been validated, making them not reliable for general
use. Validation of our model found a high success rate for enter-
ing the ventricle, and also the path traveled in the brain did not
differ between the main and validation groups. These results
show that our model is usable and can accurately determine
the appropriate path to enter the ventricle through posterior
approach.

Limitations

Children with subclinical skull deformity were not excluded
from the samples. As the most common skull deformity in chil-
dren is sagittal craniosynostosis, the subclinical forms of this
disease are common. We did not evaluate the cranial index to
stratify the patients according to the severity of sagittal cra-
niosynostosis. The model needs to be verified in another set
of patients with and without hydrocephalus. Moreover, we did
not study the patients with hydrocephalus, in whom the entry
point, and/or catheter trajectory may be different. Using the
same plane in axial CT images, the shape of the lateral ventri-
cles is not the same in different people. We could not compen-
sate for this issue in the current study.

Conclusion

We have developed a mathematical model to define a pos-
terior entry point for ventricular catheterization in children ac-
cording to age and sex, which injures the least brain parenchyma
to reach the ventricle. Our model has shown promising results
on validation and we believe it provides valuable insights for
pediatric neurosurgeons who are looking for ways to improve
the success rate of ventricular catheter placement and shunt
survival in pediatric patients.
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