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Background: One of the serious complications associated with endoscopic ventriculostomy (ETV) is memory impairment
cause by injury of the memory pathway at the foramen of Monro. The optimal landmark of burr hole for the endoscope entry
point decreases the risk of traumatizing important anatomical structures around the foramen of Monro.

Objective: To define the optimal landmark of entry site for ETV in Thai patients in order to reduce postoperative complications.
Material and Method: The practical entry point was obtained from 3D reconstructive postoperative cranial CT scans of
patients who underwent an ETV procedure. Favorable practical entry point is associated with intraoperative uninjured
anatomical structures around the foramen of Monro. In addition, the ideal entry point was obtained from mergence of cranial
MR images and CT scans.

Results: The mean perpendicular distance from the favorable practical entry point was 2.91 cm lateral to the midline and 0.96
cm anterior to the coronal suture. The mean perpendicular distance from the ideal entry point was 2.51 c¢m lateral to the
midline and 0.24 cm posterior to the coronal suture.

Conclusion: The authors suggest that the optimal entry point for ETV is 2.5 cm perpendicular to the midline and centered at

the coronal suture, especially in Thai people.
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The standard treatment for obstructive
hydrocephalus is ventriculoperitoneal shunt but this
therapeutic procedure has several possible
complications, such as intracerebral bleeding, infection,
shunt obstruction and shunt overdrainage®®. Recently,
an effective alternative option of treatment of
obstructive hydrocephalus is endoscopic third
ventriculostomy (ETV). The effectiveness of this
procedure in treating obstructive hydrocephaus is
equal to that of ventriculoperitoneal shunt. ETV has
been successful in treating non-communicating
hydrocephalus caused by tumors, aqueductal stenosis,
hemorrhages, and infarctions*. The fenestration of
floor of the third ventricle makes the cerebrospinal fluid
flow from the ventricle to subaracnoid space, resulting
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in controlling hydrocephalus.

Although ETV is considered to be simple and
safe procedure, severe but rare fatal complications may
occur, such as basilar artery injury, hypothalamic injury
and oculomotor palsy. The correct point of the
perforation of the floor of the third ventricle and the
appropriated entry point is the most importance in order
to avoid neural damage and vascular injury. One of
the important complications associated with ETV is
memory impairment which occurs from memory pathway
damage of the fornix at the level of foramen of
Monro®¢17, Intraoperative bleeding also occurs from
choroid plexus injury at the foramen of Monro.

The optimal position of a burr hole for the
endoscope entry point that traverses the center of the
foramen of Monro, decreases the risk of traumatizing
important anatomical structures around the foramen of
Monro. Although there were some reports of optimum
entry point for ETV@ these position may be not
suitable for Asian people resulting from difference in
head contour. Therefore, our objective in this study is
to review practical operative and imaging data to define
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the optimal position of the entry site for ETV in Thai
patients.

Material and Method

We conducted a retrospective study of 21
patients who underwent ETV between April 2007 and
September 2013. The reviewed data included
demographic data, principle diagnosis, head computed
tomography (CT), brain magnetic resonance imaging
(MRI), and intraoperative video recording of ETV. The
exclusion criteria included patients younger than 3
years of age and patients with incomplete closure of
the skull. The patients were stratified into 3 groups,
including the group of favorable practical entry point
(favorable group or group A), unfavorable practical
entry point (unfavorable group or group B) and ideal

entry point (ideal group or group C) (Fig. 1).

Data acquirement

The intraoperative video recordings of ETV
were reviewed to identify intraoperative damage around
the foramen of Monro (Fig. 2). Fornix injury was defined
as contusion or laceration of the fornix at the foramen
of Monro (Fig. 3A and B) as well as the choroid
plexus injury that defined as either presence or absence
(Fig. 3C).

The imaging data were reviewed from the
database to record preoperative Evans’ index. The
postoperative CT images were reloaded onto Osirix
v.5.8 32-bit program. The 3D skull surface was
reconstructed on this program. The perpendicular
distance was measured from center of burr hole to
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Endoscopic third ventriculostomy (ETV): (A) intraoperative setting of ETV procedure; (B) endoscopic view

showing normal right foramen of Monro, fornix, choroid plexus, anterior septal and thalamostriate veins; (C) the
fenestration site is the area between the mammillary bodies (MB) and infundibular recess.
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Fig. 3

Intraoperative endoscopic view showing injury of the structures around the foramen of Monro: (A) fornix

contusion (arrows); (B) fornix laceration (arrows); (C) bleeding from the choroid plexus (arrows).
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Fig. 4

The 3D skull reconstruction of postoperative head CT (A); the measurement of perpendicular distance from the

center of burr hole to the midline (B) and to the coronal suture (C).

midline and center of burr hole to coronal suture,
respectively (Fig. 4).

The DICOM data of brain MRI and head CT
were reloaded onto a neuronavigation workstation
(Brainlab). The images of MRI and CT were merged on
software iPlan stereotaxie 3.0.2. Respectively, the axial,
coronal, and sagittal views were displayed on the
workstation. A target point on the tuber cinereum
between the infundibular recess and mammillary bodies
was marked. An entry point was marked at the center of
the right foramen of Monro (Fig. 5A-C). The two points
were connected with a straight line (Fig. 5A-C). This
straight line was extended from entry point until it
encountered the skull surface (Fig. 5A-C). This
trajectory track was checked in 3 dimensions to ensure
that this track did not intersect important surrounding
anatomical structures, such as fornix, caudate nucleus,
thalamus and hypothalamus. The meeting point of the
skull surface with this trajectory line was designated
as an ideal entry point (Fig. 5D-E). The perpendicular
distance from the ideal entry point to the midline and to
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the coronal suture was obtained.

Equipment

In our institution, two types of rigid
endoscope were used including KARL STORZ
LOTTA™ ventriculoscope with length 18 c¢cm, outer
diameter 6.1 mm equipped with 3 channels for optic,
instruments, irrigation, suction, and AESCULAP
MINOP® ventriculoscope with length 15 cm, outer
diameter of 6 mm equipped with 4 channels for optic,
working, irrigation, and overflow. The choice of
equipment depended on the availability of equipment
and preference of neurosurgeons.

Statistical analysis

The statistical analysis was achieved by the
Statistical Package for the Social Sciences (SPSS)
version 18.0. The data, including age, gender and
principle diseases, were interpreted by descriptive
analysis. Comparison of parameters between 3 groups
was analyzed using one-way ANOVA. Comparison of
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Fig.5 The “ideal entry point” determination: The
trajectory straight line is passed at 3 points,
including the tuber cinereum, foramen of Monro
and skull surface (A, B, C). The trajectory tip is
passed into center of foramen of Monro (ring in A,
B, C) and does not contact any important
anatomical structures. The measurement of
perpendicular distance from the meeting point of
the skull surface (ring in D and E) to the coronal
suture (D) and to the midline (E).

Evans’ index between favorable and unfavorable
groups was analyzed by the Mann-Whitney U test.
We indicated a statistically significant result with
p-value <0.05.

Results

The authors studied all available complete
data of 21 patients (12 males and 9 females) who
underwent ETV for the treatment of obstructive
hydrocephalus. The patients’ age ranged from 7 to 71
years (mean 34.2 years). The distribution of the patients
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Table 1. Patients’ principle disease

Principle disease n (%)
Aqueductal stenosis 5(23.8)
Cerebellar tumor 5 (23.8)
Pineal tumor 4(19)
Brainstem tumor 2 (9.5)
Cerebellar infarction 2(9.5)
Supratentorial ependymoma 2(9.5)
Cerebellar hemorrhage 1(4.8)

according to principle diseases is shown in Table 1.

In the favorable group (group A), the mean
perpendicular distance between the center of burr hole
and the midline was 2.91+0.57 cm and ranged from 2 to
4.1 cm. The mean perpendicular distance between the
center of burr hole and the coronal suture was 0.96+
0.81 cmand ranged from -0.5t0 2.41 cm; minus (-) and
plus (+) values indicated that the center of burr hole
was posterior and anterior to the coronal suture,
respectively. The mean Evans’ index was 0.39+0.08 and
ranged from 0.33t0 0.58.

In the unfavorable group (group B), the mean
perpendicular distance between the center of burr hole
and the midline was 3.37+0.50 cm and ranged from 2.36
to 4.14 cm. The mean perpendicular distance between
the center of burr hole and the coronal suture was 1.33
+1.93 cm and ranged from -1.7 to 3.45 cm. The mean
Evans’ index was 0.34+0.04 and ranged from 0.31 to
0.43.

We also collected images of 27 patients (the
group of ideal entry point or group C) who had
obstructive hydrocephalus, including head CT and
MRI scans, for defining ideal entry point. The mean
perpendicular distance between the ideal entry point
and the midline was 2.51+0.43 cm and ranged from
2.0 to 3.41 cm. The mean perpendicular distance
between the ideal entry point and the coronal suture
was -0.24+0.71 cm and ranged from -1.3 to 1.07 cm
(Fig. 6). The comparisons of these and Evan’s index
between the groups were summarized in Fig. 7.

Discussion

ETV is an effective option for the treatment of
obstructive hydrocephalus. A possible complication
of this procedure is memory impairment due to
intraoperative injury of the memory pathway, particularly
the fornix around the foramen of Monro®1?, Injury of
the fornix can be caused by direct damage from the
ventriculoscope or too anterior entry point. The choroid
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plexus is also a concerned structure around the
foramen of Monro, which may be injured during the
procedure. Choroid plexus injury may be caused by
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poor trajectory or direct trauma from the endoscope
and surgical instruments. As a result, bleeding from
the choroid plexus may impair endoscopic visualization
or cause postoperative intraventricular hematoma.
Thereby the necessity of entry position of rigid
endoscope for ETV affects the success and
complications of the procedure. In our study, all ETV
operations of 21 patients were successful, but there
were 9 patients with intraoperative injuries of fornix or
choroid plexus.

There have been two publications about the
optimal position of the burr hole as the entrance for the
rigid endoscope to perform ETV. Kanner et al proposed
that the optimal burr hole position for ETV was 1 cm
anterior to the coronal suture and 3 cm lateral to the
midline®®. The another study of Chen and Nakaji
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The comparisons of parameters between three groups: (A) The comparison of the lateral distance between the

entry point and midline of three groups. There was a statistically significant difference of the lateral distance
between the unfavorable (group B) and ideal (group C) groups (p<0.001), but there was no statistically significant
difference of the lateral distance between the favorable (group A), unfavorable and ideal groups (p = 0.114 and
0.055, respectively); (B) The comparison of the AP distance between the entry point and coronal suture of three
groups. There was a statistically significant difference of the AP distance between the favorable and ideal groups
(p = 0.001), but there was no statistically significant difference of the AP distance between the unfavorable,
favorable practical group and ideal group (p = 0.929 and 0.110, respectively); the minus (-) and plus (+) values
indicated that the center of the entry point was posterior and anterior to the coronal suture, respectively; (C) The
comparison of Evans’ index between the favorable and unfavorable groups. There was no statistically significant

Fig. 6  Distribution of the center of the ideal entry point
in 27 patients.
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suggested that the optimal point for ETV entry was
3.1+7 mm lateral to the midline and 8.9+14.1 mm posterior
to the coronal suture®. Both studies obtained the ideal
entry position from only evaluation of brain imaging.

Based on our study, we obtained the favorable
and unfavorable practical entry positions from
postoperative brain imaging and correlation with
intraoperative finding, and also obtained the ideal entry
point from evaluation of brain imaging. The mean lateral
distance of the favorable practical entry point was
2.91+0.57 cm lateral to the midline, which was close to
those of previous studies and was not significantly
different from that of the ideal group, while the distance
of the unfavorable group was significantly different
from that of the ideal group. The mean anteroposterior
(AP) distance of the favorable group was 0.96+0.81 cm
anterior to coronal suture, which was similar to that of
the study of Kanner et al; however, some range was
overlapped with that of the study of Chen and Nakaji.
Although there was statistically significant difference
of the mean AP distance between the favorable and
ideal groups, the mean AP distance of favorable group
was close to that of the ideal group rather than that of
the unfavorable group.

Our ideal entry point was 2.51+0.43 cm lateral
to the midline and 0.24+0.71 cm posterior to the coronal
suture, which was slightly different from those of the
study of Chen and Nakaji. When compared with their
ideal entry points, ours is less variable.

There has never been any study of the
relationship between Evans’ index and intraoperative
complication of ETV. In our study, there was no
statistically significant difference of Evans’ index
between the favorable and unfavorable groups.
However, we observed that there was only one who
had Evans’ index more than 0.36 in the unfavorable
group. That case had Evans’ index 0.43 but there was
intraoperative choroid plexus injury. The entry point of
this case was 3.58 cm lateral to the midline and 1.37 cm
posterior to the coronal suture, which was behind
coronal suture excessively and may be the cause of
choroid plexus injury.

Limitation of the study

In this retrospective study, there was only a
small sample size due to limitation of complete available
data.

Conclusion

The optimal entry point for ETV is 2.91+0.57
cm lateral perpendicular to the midline and 0.96+0.81
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cm. anterior to the coronal suture. To make easy for
routine practice, we suggest that the ideal entry point
for ETV is 2.5 cm perpendicular to the midline and
centered at the coronal suture. Our proposed optimal
point is appropriate for Thai patients (Southeast Asia)
who are older than 3 years old and have complete
closure of the skull sutures. The ventricular size may
be a factor of patient selection for ETV.

What is already known from this topic?

Appropriate location of the entry point for
ETV can reduce surgical morbidity, particularly memory
impairment caused by injury of the fornix. The most
popular surface landmarks for localizing the entry point
include the midline and coronal suture.

What this study adds?

The favorable practical entry point is situated
in close proximity to the ideal entry point. The optimal
entry point for ETV in Thai people was purposed.

Potential conflicts of interest
None.

References

1 Koudelka J, Parizek J. Intra-abdominal
complications of ventriculoperitoneal shunt in the
treatment of hydrocephalus in children. Cesk
Pediatr 1990; 45: 723-5.

2. WuY, Green NL, Wrensch MR, Zhao S, Gupta N.
Ventriculoperitoneal shunt complications in
California: 1990 to 2000. Neurosurgery 2007; 61:
557-62.

3. Braga MH, Carvalho GT, Brandao RA, Lima FB,
Costa BS. Early shunt complications in 46 children
with hydrocephalus. Arq Neuropsiquiatr 2009; 67:
273-7.

4. Kiefer M, Eymann R. Gravitational shunt
complications after a five-year follow-up. Acta
Neurochir Suppl 2010; 106: 107-12.

5. PrusseitJ, Simon M, von der BC, Heep A, Molitor
E, Wolz S, et al. Epidemiology, prevention and
management of ventriculoperitoneal shunt
infections in children. Pediatr Neurosurg 2009; 45:
325-36.

6. Mwachaka PM, Obonyo NG, Mutiso BK, Ranketi
S, Mwang’ombe N. Ventriculoperitoneal shunt
complications: a three-year retrospective study in
a Kenyan national teaching and referral hospital.
Pediatr Neurosurg 2010; 46: 1-5.

7. O’Brien DF, Javadpour M, Collins DR, Spennato

S87



10.

11

12.

13.

S88

P, Mallucci CL. Endoscopic third ventriculostomy:
an outcome analysis of primary cases and
procedures performed after ventriculoperitoneal
shunt malfunction. J Neurosurg 2005; 103: 393-
400.

Jenkinson MD, Hayhurst C, Al Jumaily M,
Kandasamy J, Clark S, Mallucci CL. The role of
endoscopic third ventriculostomy in adult
patients with hydrocephalus. J Neurosurg 2009;
110: 861-6.

Sufianov AA, Sufianova GZ, lakimov IA.
Endoscopic third ventriculostomy in patients
younger than 2 years: outcome analysis of 41
hydrocephalus cases. J Neurosurg Pediatr 2010;
5:392-401.

Drake JM, Kulkarni AV, Kestle J. Endoscopic third
ventriculostomy versus ventriculoperitoneal
shunt in pediatric patients: a decision analysis.
Childs Nerv Syst 2009; 25: 467-72.

Choi JU, Kim DS, Kim SH. Endoscopic surgery for
obstructive hydrocephalus. Yonsei Med J 1999;
40: 600-7.

Gangemi M, Mascari C, Maiuri F, Godano U,
Donati P, Longatti PL. Long-term outcome of
endoscopic third ventriculostomy in obstructive
hydrocephalus. Minim Invasive Neurosurg 2007;
50: 265-9.

Sacko O, Boetto S, Lauwers-Cances V, Dupuy M,
Roux FE. Endoscopic third ventriculostomy:

14.

15.

16.

17.

18.

19.

outcome analysis in 368 procedures. J Neurosurg
Pediatr 2010; 5: 68-74.

Hopf NJ, Grunert P, Fries G, Resch KD, Perneczky
A. Endoscopic third ventriculostomy: outcome
analysis of 100 consecutive procedures.
Neurosurgery 1999; 44: 795-804.

Kadrian D, van Gelder J, Florida D, Jones R, Vonau
M, Teo C, etal. Long-term reliability of endoscopic
third ventriculostomy. Neurosurgery 2005; 56:
1271-8.

Lacy M, Oliveira M, Austria E, Frim MD.
Neurocognitive outcome after endoscopic third
ventriculocisterostomy in patients with obstructive
hydrocephalus. J Int Neuropsychol Soc 2009; 15:
394-8.

Benabarre A, Ibanez J, Boget T, Obiols J, Martinez-
Aran A, Vieta E. Neuropsychological and
psychiatric complications in endoscopic third
ventriculostomy: a clinical case report. J Neurol
Neurosurg Psychiatry 2001; 71: 268-71.
Kanner A, Hopf NJ, Grunert P. The “optimal” burr
hole position for endoscopic third ventriculostomy:
results from 31 stereotactically guided procedures.
Minim Invasive Neurosurg 2000; 43: 187-9.

Chen F, Nakaji P. Optimal entry point and trajectory
for endoscopic third ventriculostomy: evaluation
of 53 patients with volumetric imaging guidance. J
Neurosurg 2012; 116: 1153-7.

J Med Assoc Thai Vol. 100 Suppl. 2 2017



I v !
A

AwcaNeIdmsyMsmAAdeInaediiei szl ulnssanasiaulumsinyaheralng

a3z nssauednduyyeaiy

F3na 1w, aanus Amiaaina, Ygain ansiuduns, vsima ansurugasse

1 v ] v !
[ A o

v ! 1 1 1 1 I3
gwm: fl7?5!!Wiﬂ‘ﬁé]ﬂﬁﬁ?ﬂ@i]ﬂ”i’iij\i‘l/ﬁ\?m5N7ﬂuﬂﬂé]\7ﬂﬁé]\7!WE?!ﬂ75355’117{7U??ﬂ[WiJﬂﬂﬂdﬁﬂ?ﬂﬁé]ﬂ??iﬂJmﬂumﬁﬂ\? ilﬁﬂ?m@@?ﬂ
3 A 44 7 o A ' ° iy v < 4
ﬂ75117ﬂlili/‘llf]xﬁ’ﬂx?lﬂiﬁ&’l/ﬂljiﬂmm’llﬂﬁ?‘llé]x?ﬂi/ﬁ??lli”ﬂﬂ?m%ﬂd‘”mm)ﬂ[ﬁ ﬂHH’ilN?’Il7’71/75?71/5/077451”)75!Wﬁgi’lﬂ:[ﬁﬁfiﬂiyé’

! 14 1 14 14 ! 14 o 1
l7’7&7!172!7[74!‘1/7711ﬂ75ﬂ3\7ﬂﬁ3\7!51/7Méﬁ?[WﬂﬂilENﬂtﬂﬁﬂ?mlﬁﬁﬂla\iﬂﬁmm511‘1/&74Zﬂix?ﬂﬂﬂ’l”ﬂ7577/‘)7ﬂﬂ7ﬂﬁ5[ﬂﬂ5&]ﬂ%d"l/ﬁmﬂlei

[ “ 4’ J ! d’ v o ! o ! Y 4’ g’ d’ v/
Jﬁiq)ijié’,’ﬂdﬁ: H’Vé]7’77ﬁ7l!74ﬂx77’llmﬂ:’ﬁlﬂlﬂﬁ’lwlWﬂomﬁ/miﬂ?ﬂﬂﬂf]\?ﬂﬁmtWE)lW75355’1/7{]1!7?1![74/5\7?71/3\77’1ﬂ71/?1!6/]]7£/5177?y7’7£/

1 14

118AAATIZUNIATOUNAINIFA
v ad 0 ! v a oA Y - a - aa = v/ 4’ Va/ ! o ! Y d’ 5’
JanuasIans: mtmwnwmﬂumadgm7ﬁﬂ7nmwmnﬂﬂmﬂaﬂwmammﬂmmﬂiyzgldw Mﬂﬂmnﬂmm@mﬁaﬂWam:;i:ymm
1 1 2] 1 v T I 1 4 4 '
lulwsaaneaian aumuamanialunvUguaseaume mavesmsamaai lum luaamsuviaisvvedlassasianniedniamans
1 Y T 4 v 4 Id T v
lngsouvasveuauls uaﬂmnz?ﬂ”ummmmﬂugﬁmﬁ7ﬁﬂ7nn7iiyﬂmwz§nmmﬁaﬂmmama:mmmmﬁn7?/71/761/@0;5752/:
= ! d’ ag// 0 ! v 4’d a vad a a
HaMSANYY: ARGV N AN ATl Y UARD 2.9 19uAmAs 9InuuInaNTednsnandsysuas
a v T T 1 v T dI ag/ . T v Al
0.96 1wUAINATHIINDIOOY5LAINATONVY AN T Anad evadszezn 1 luwA s Aa Uy ana 1 lugauadae 2.51
T 1 1 v
UAUATIANINANYBNHANATY AL 0.24 WUAINAT NAINBTE0L 5 aUATININONIY
VQ rd 3 ! o ! d’ v o/ ! o ! ¢ d’ g/ d’ A
ﬂgl/: g«uwuﬁﬂﬂ:muMummMwmMﬂwﬁmamm61/7#77451/n7mmﬁﬂamﬁaﬂWazi;7:35:1170m?u[wmuamﬂmﬁa 520NN 2.5

v L4 r I T v
LHURALA mum7flf)u1/llZJ?flﬂ7\7%’Nfl:’[ﬂﬂﬂﬁiﬂé’llﬁ&’ﬁﬁﬂi/ﬂﬁNﬂﬂfluﬂﬂom nugvedsagyszamaseuuenmlagams usnlng

J Med Assoc Thai Vol. 100 Suppl. 2 2017 S89



