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OBJECTIVE Access to the third ventricle is a veritable challenge to neurosurgeons. In this context, anatomical and 
morphometric studies are useful for establishing the limitations and advantages of a particular surgical approach. The 
transchoroidal approach is versatile and provides adequate exposure of the middle and posterior regions of the third 
ventricle. However, the fornix column limits the exposure of the anterior region of the third ventricle. There is evidence 
that the unilateral section of the fornix column has little effect on cognitive function. This study compared the anatomical 
exposure afforded by the transforniceal-transchoroidal approach with that of the transchoroidal approach. In addition, a 
morphometric evaluation of structures that are relevant to and common in the 2 approaches was performed.
METHODS The anatomical exposure provided by the transcallosal-transchoroidal and transcallosal-transforniceal-
transchoroidal approaches was compared in 8 fresh cadavers, using a neuronavigation system. The working area, 
microsurgical exposure area, and angular exposure on the longitudinal and transversal planes of 2 anatomical targets 
(tuber cinereum and cerebral aqueduct) were compared. Additionally, the thickness of the right frontal lobe parenchyma, 
thickness of the corpus callosum trunk, and longitudinal diameter of the interventricular foramen were measured. The 
values obtained were submitted to statistical analysis using the Wilcoxon test.
RESULTS In the quantitative evaluation, compared with the transchoroidal approach, the transforniceal-transchoroidal 
approach provided a greater mean working area (transforniceal-transchoroidal 150 ± 11 mm2; transchoroidal 121 ± 8 
mm2; p < 0.05), larger mean microsurgical exposure area (transforniceal-transchoroidal 101 ± 9 mm2; transchoroidal 80 
± 5 mm2; p < 0.05), larger mean angular exposure area on the longitudinal plane for the tuber cinereum (transforniceal-
transchoroidal 71° ± 7°; transchoroidal 64° ± 6°; p < 0.05), and larger mean angular exposure area on the longitudinal 
plane for the cerebral aqueduct (transforniceal-transchoroidal 62° ± 6°; transchoroidal 55° ± 5°; p < 0.05). No differenc-
es were observed in angular exposure along the transverse axis for either anatomical target (tuber cinereum and cere-
bral aqueduct; p > 0.05). The mean thickness of the right frontal lobe parenchyma was 35 ± 3 mm, the mean thickness 
of the corpus callosum trunk was 10 ± 1 mm, and the mean longitudinal diameter of the interventricular foramen was 
4.6 ± 0.4 mm. In the qualitative assessment, it was noted that the transforniceal-transchoroidal approach led to greater 
exposure of the third ventricle anterior region structures. There was no difference between approaches in the exposure 
of the structures of the middle and posterior region.
CONCLUSIONS The transforniceal-transchoroidal approach provides greater surgical exposure of the third ventricle 
anterior region than that offered by the transchoroidal approach. In the population studied, morphometric analysis estab-
lished mean values for anatomical structures common to both approaches.
https://thejns.org/doi/abs/10.3171/2016.8.JNS16403
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The third cerebral ventricle is a narrow cavity that 
is centrally and deeply located. The structures sur-
rounding the third ventricle represent less than 1% 

of the brain area. However, they are vital areas, because 
they participate in the endocrine, autonomic, and limbic 
systems. There are 3 main routes to access this region: 
superiorly, through the cortex and corpus callosum; ven-
trally, through the lamina terminalis; or dorsally, by open-
ing the velum interpositum of the suprapineal recess. 
Manipulation of neural structures is therefore inevitable 
when accessing the third ventricle.17,20,35,38,39

The transcallosal-transchoroidal approach to the third 
ventricle allows for adequate exposure of the middle and 
posterior regions of the ventricle. However, the fornix col-
umn limits exposure of the anterior region of the third 
ventricle.30,38

There is evidence that a unilateral lesion of the fornix 
column has little or no impact on memory.2,4,8,15,22,25,28, 30,43 
Various regions and structures participate in the memo-
ry circuit, and the fornix is just one of these structures. 
Changes to other parts of this circuit would therefore be 
necessary to establish a permanent memory deficit.16,18 In 
addition, there is evidence of good functional recovery in 
patients with bilateral lesions of the fornix; this recovery 
is associated with brain neuroplasticity and the activation 
of specific brain areas.26

To date, there have been no objective criteria for the 
choice of surgical approach to the third ventricle. This de-
cision is fundamentally based on the neurosurgeon’s expe-
rience, knowledge, and preferences. The proper choice of 
surgical approach results in lower morbidity and greater 
surgical safety. In this context, comparative anatomical 
studies that allow us to objectively recognize the limita-
tions and advantages of a particular surgical approach are 
important for the selection and systematization of the sur-
gical techniques used.

There is no evidence in the literature showing that uni-
lateral section of the fornix column increases exposure of 
the brain structures. There is a possibility that this mea-
sure would not result in increased exposure. However, any 
significant increase in anatomical exposure due to unilat-
eral sectioning of the fornix column could justify its sys-
tematic use as a viable alternative to accessing lesions lo-
cated in the anterior region of the third cerebral ventricle.

The primary objective of the present study is to com-
paratively evaluate the surgical exposure afforded by the 
transcallosal-transchoroidal and transcallosal-transforni-
ceal-transchoroidal approaches by measuring the surgical 
exposure area, working area, and angular exposure area. It 
also aims to qualitatively analyze the 2 approaches using 
microsurgical viewing of the exposed third ventricle floor 
structures. Second, a morphometric study of the relevant 
anatomical structures that are common to both techniques 
is performed.

Methods
The transcallosal-transchoroidal and transcallosal-

transforniceal-transchoroidal approach methods were 
studied in 8 adult fresh cadavers without evidence of path-
ological brain changes, with an interval of less than 12 

hours from death. The cadavers were obtained from the 
Death Verification System of the State of São Paulo, Bra-
zil. Anatomical dissection was performed at the Microsur-
gery Laboratory, School of Medicine, University of São 
Paulo. Approval was obtained from the Ethics Committee 
of the University of São Paulo Medical School. The ca-
davers were placed supine on the operating table with the 
head fixed rigidly in a Sugita head frame (Mizuho) with 
a cervical flexion of 30°, simulating the surgical position. 
This rigid fixation prevented changes in head position. 

Removal of the bone flap was systematically performed 
on the right side using high-speed drills and a craniotome 
(DePuy Synthes). Microsurgical procedures were per-
formed with the use of a surgical microscope (Carl Zeiss), 
with magnifications ranging from ×6 to ×40, and appro-
priate neurosurgical instruments (Aesculap; Macom). Re-
traction of the medial aspect of the right frontal lobe was 
systematically performed using a static retraction system 
(Budde Halo, Ohio Medical Instrument). Measurements 
were obtained by a computerized neuronavigation system 
with a digital probe that had 4 spatial markers (Artis).

Dissection of 3 fixed brains was performed at the De-
partment of Morphology, Santa Casa de São Paulo Medi-
cal School, with the purpose of illustrating the present 
study.

Transcallosal-Transchoroidal Approach
Three trepanations were performed in the right frontal 

region, simulating a surgical approach to the nondominant 
hemisphere. After ample exposure of the skull by trans-
verse bicoronal incision to view the frontal, temporal, and 
parietal regions bilaterally, the surgical neuronavigation 
system (Artis) provided the measurement and standard-
ization of trepanation sites. The first hole was drilled 5 
cm in front of the coronal suture and 1 cm lateral to the 
sagittal suture, the second hole was drilled 2 cm posterior 
and 1 cm lateral to the sagittal suture, and the third hole 
was made at a point equidistant to the first 2, in order to 
perform a craniotomy in the form of an isosceles triangle 
containing sagittal and coronal suture segments. With the 
aid of a high-speed craniotome, a bone flap of approxi-
mately 7 × 6 × 6 cm was obtained, exposing the superior 
sagittal sinus and dura mater.34

Dural opening was performed in an arc, because the 
pedicle was limited by the superior sagittal sinus. The 
dura mater was folded against the sinus and repaired with 
4–0 PROLENE thread (Ethicon, Inc.) in the cerebral falx 
for medial retraction and to obtain additional space for ex-
posure of the interhemispheric fissure.

The interhemispheric fissure was dissected using a mi-
crosurgical technique, with exposure of the corpus callo-
sum and the 2 pericallosal arteries. Classic longitudinal 
callosotomy was performed between the 2 pericallosal ar-
teries, with 2-cm extension in the corpus callosum trunk 
region, guided by the neuronavigation system and using 
the contralateral coronal suture as a reference point.41 The 
callosotomy was performed 2 cm posterior to the coronal 
suture plane to maximize exposure of the third ventricle 
structures. The retractor was positioned on the right to al-
low lateral displacement of the right frontal lobe and cor-
pus callosum, with a distance between the cerebral falx 
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and spatula of 1.5 cm2. Anatomical right lateral ventricle 
structures relevant to the transchoroidal approach were 
then systematically identified as follows: the interventricu-
lar foramen, fornix column, choroid plexus, thalamus, and 
thalamostriate vein (Fig. 1).

Choroidal cleft dissection was performed by the tenia 
of the fornix, from the interventricular foramen to the cho-
roid glomus, with a length of approximately 1.5–2.0 cm.6 
Next, the upper membrane of the choroidal screen was 
opened, with exposure of the internal cerebral veins and 
posterior-medial choroidal arteries. The lower choroidal 
screen membrane between the internal cerebral veins was 
then opened, exposing the choroid plexus of the third ven-
tricle ceiling. Dissection continued, with exposure of the 
third ventricle cavity. In 3 selected cases, anterior septal 
vein sectioning was performed to increase the exposure of 
the third ventricle structures. 

After the transchoroidal approach was complete, an-
other retractor was strategically positioned to the left, al-
lowing the retraction of 0.5 cm of the falx and the corpus 
callosum, establishing a corridor of 2 cm on the transverse 
plane, as determined by the neuronavigation system (Fig. 
2). In specimens in which interthalamic adhesion ob-
structed proper viewing of the floor structures, a longitu-

dinal section was performed using a No. 11 scalpel blade.6 
Measurements were then taken using the neuronavigation 
system (Eximius, Artis).

Transcallosal-Transforniceal-Transchoroidal Approach
In the same specimen, unilateral sectioning of the 

fornix column was performed in its upper portion, near 
the angle formed between the body and the column. This 
technique is known as the transforniceal-transchoroidal 
approach. This method facilitates the proper evaluation of 
the 2 approaches without having to change the retractor 
position. Measurements were then taken using the neuro-
navigation system.

Measurement Procedures
Values were obtained using a computerized neuronavi-

gation system with a digital probe that had 4 spatial mark-
ers. The head was fixed in a surgical head frame to ensure 
spatial stability in the same Cartesian system coordinates 
(Eximius System, Artis). The computer connected to the 
system stored data as x, y, and z coordinates of each pre-
viously defined point. The surgical retractors remained 
static while locating the target anatomical points, prevent-
ing measurement errors. The data acquired by the digital 

FIG. 1. Anatomical dissection of the specimen—superior microsurgi-
cal view of the right lateral ventricle in the transcallosal approach. 1 = 
cerebral falx; 2 = retractor spatula withdrawing the right frontal lobe; 
3 = corpus callosum trunk; 4 = interventricular foramen; 5 = thalamus; 
6 = thalamostriate vein; 7 = choroid plexus; 8 = fornix column. Figure is 
available in color online only.

FIG. 2. Anatomical dissection of the specimen—superior macroscopic 
view after the transchoroidal approach showing the surgical corridor 
obtained after retractor placement. 1 = cerebral falx; 2 = right frontal 
lobe; 3 = anterior region of the third ventricle floor. Figure is available in 
color online only.
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probe when touching the anatomical targets of interest 
were recorded by the system cameras. The neuronaviga-
tion system used has an intrinsic measurement error of 1 
mm. In the present study, we did not consider this value 
in the statistical analysis, given that this error is typically 
present in any neuronavigation system that uses a manual 
probe—that is, the error is inherent to the method used.

Transcallosal-Transchoroidal Morphometry: Thickness of 
the Right Frontal Lobe Parenchyma and Corpus Callosum 
Trunk

The following structures were evaluated by morphom-
etry: thickness of the right frontal lobe parenchyma, thick-
ness of the corpus callosum trunk, and diameter of the 
interventricular foramen.

To measure the thickness of the frontal lobe parenchy-
ma, we used the following as references: the point on the 
cortical surface in the contralateral coronal suture plane 
and the sulcus of the corpus callosum. The corpus cal-
losum trunk was measured in this same plane, using its 
upper and lower limits as references.

Diameter of the Interventricular Foramen
Due to the oval shape of the interventricular foramen, 

the diameter was measured along its longest axis, the lon-
gitudinal axis. The measured distance corresponds to the 
distance from the fornix column to the anterior pole of the 
thalamus.

Comparative Analysis of the Transcallosal-Transchoroidal 
and Transcallosal-Transforniceal-Transchoroidal 
Approaches
Working Area and Surgical Exposure Area

The working area was defined as the hexagonal area 
on the roof of the third ventricle obtained after dissection 
of the choroidal fissure and medial retraction of the ipsi-
lateral fornix body in the transchoroidal approach. The 
defined points were as follows: ipsilateral fornix column 
(A); anterior tubercle of the thalamus (B); most posterior 
thalamic limit of the choroidal fissure (C); most distal 
point of the choroidal fissure, limited by the glomus of 
the choroid plexus (D); most posterior limit of the fornix 
body (E); and region of the fornix column adjacent to the 
venous angle (F) (Fig. 3). In the transforniceal-transcho-
roidal approach, Point A was the most anterior limit ob-
tained after unilateral section of the fornix column, and 
the other points were the same as in the transchoroidal 
approach.

The surgical exposure area was defined as the hexag-
onal area on the third ventricle floor limited by the fol-
lowing points: the most anterior point exposed (1); point 
immediately most lateral and anterior to the floor of the 
right third ventricle (2); point immediately most lateral 
and posterior to the floor of the right third ventricle (3); 
cerebral aqueduct (4); point immediately most lateral and 
posterior to the floor of the left third ventricle (5); and 
point immediately most lateral and anterior to the floor 
of the left third ventricle (6) (Fig. 4). In all dissections, we 
were able to see the cerebral aqueduct, which corresponds 
to the most posterior structure of the third ventricle floor. 

Thus, we used this structure as a fixed and common point 
in the 2 surgical approaches. The selection of these points 
defined a hexagonal area that reproduces microsurgical 
exposure of the third ventricle floor obtained through the 
transcallosal-transchoroidal and transcallosal-transforni-
ceal-transchoroidal approaches.

Angular Exposure
Angular exposure was obtained from the maximum 

viewing angles along the primary longitudinal and trans-
verse axes of the third ventricle floor, obtained by trans-
choroidal and transforniceal-transchoroidal approaches. 
To format the third ventricle funnel, we defined 1 anterior 
and 1 posterior transverse axis and 1 anterior and 1 poste-
rior longitudinal axis, yielding 4 values for each approach. 
The anterior transverse axis was defined as the greatest 
perpendicular distance between the fornix column and the 

FIG. 3. Schematic representation of the working area in the transchoroi-
dal approach in brain fixed in formaldehyde. The 6 points corresponding 
to anatomical points of interest and delimiting a hexagonal area are as 
follows: ipsilateral fornix column (A), anterior tubercle of the thalamus 
(B), most posterior thalamic limit of the choroidal fissure (C), most distal 
point of the choroidal fissure, limited by the glomus of the choroid plexus 
(D), most posterior limit of the fornix body (E), and region of the fornix 
column adjacent to the venous angle (F). 1 = anterior septal vein; 2 = 
interthalamic adherence; 3 = thalamostriate vein, 4 = internal cerebral 
vein; 5 = posterior commissure. Adapted from Sekhar LN, Fessler RG: 
Atlas of Neurosurgical Techniques: Brain. New York: Thieme, 2006. 
Copyright Thieme. Published with permission. Figure is available in 
color online only.
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anterior portion of the thalamus. The posterior transverse 
axis was defined as the greatest perpendicular distance 
between the fornix body and thalamus. The anterior and 
posterior longitudinal axes were defined as the line be-
tween the most distal point of the choroidal fissure after 
its dissection and the fornix column before and after its 
sectioning.

Two points were chosen in advance to evaluate angular 
exposure: the central tuber cinereum region for the ante-
rior values and the cerebral aqueduct for the posterior val-
ues. These points were used to characterize the surgical 
targets most representative of the third ventricle floor. It 
was thus possible to evaluate and compare angular expo-
sure between the 2 approaches.

Values were obtained using a neuronavigation system 
with customized software that systematically calculates 
angles on the different axes.

Qualitative Analysis
Measurements were obtained initially for the transcal-

losal-transchoroidal approach. We then sectioned the ipsi-
lateral fornix column, which we called the transforniceal-

transchoroidal approach. Using the anterior and posterior 
maximum angulation of the microscope, we defined the 
posterior and anterior exposure limits, respectively (Fig. 
5). This methodology allowed us to visually compare the 
surgical exposure offered by the 2 approaches.

Statistical Analysis
Analysis of the results consisted of calculations of the 

following quantitative variables: mean, median, standard 
deviation, and amplitude ranges (minimum and maximum 
values). For inferential evaluation, the nonparametric Wil-
coxon test was performed because the values did not have 
a normal distribution. The level of statistical significance 
adopted was p < 0.05.

Results
Morphometry and Working Distance

The mean thickness of the corpus callosum trunk was 
10 ± 1 mm. The lowest value obtained was 8.5 mm, and 
the highest was 12 mm. The mean thickness of the right 
frontal lobe parenchyma was 35 ± 3 mm; the lowest value 
obtained was 30 mm, and the highest was 41 mm. The 
mean longitudinal diameter of the interventricular fora-
men was 4.6 ± 0.4 mm (Table 1).

Surgical Exposure Area
The mean value of the exposed area of the third ventri-

FIG. 4. Schematic representation of the microsurgical exposure area of 
the third ventricle floor. The 6 points corresponding to anatomical points 
of interest and delimiting a hexagonal area were as follows: the most 
anterior point exposed (1), point immediately most lateral and anterior to 
the floor of the right third ventricle (2), point immediately most lateral and 
posterior to the floor of the right third ventricle (3), cerebral aqueduct 
(4), point immediately most lateral and posterior to the floor of the left 
third ventricle (5), and point immediately most lateral and anterior to the 
floor of the left third ventricle (6). Adapted from Campero A, Ajler P, Em-
merich J: Abordajes neuroquirúrgicos al cérebro y la base de crâneo, ed 
1. Buenos Aires: Journal, 2013. Copyright Alvaro Campero. Published 
with permission. Figure is available in color online only.

FIG. 5. Anatomical dissection of the specimen—microsurgical view of 
the anterior third ventricle region with posterior angulation of the micro-
scope. 1 = infundibular recess of the pituitary gland; 2 = exposure of the 
interpeduncular cistern after opening the tuber cinereum; 3 = mammil-
lary bodies; 4 = right fornix column after section; 5 = anterior commis-
sure. Figure is available in color online only.
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cle floor for the transcallosal-transchoroidal approach was 
80 mm2. After unilateral section of the fornix column, this 
value was 101 mm2, with a mean increase of 21 mm2 (p < 
0.05) (Fig. 6 and Table 2).

The mean value of the working area of the transcallo-
sal-transchoroidal approach was 121 mm2 and that of the 
transcallosal-transforniceal-transchoroidal approach was 
150 mm2. We therefore observed a mean increase of 29 
mm2 (p < 0.05) in working area after sectioning the fornix 
column (Fig. 7 and Table 2).

Angular Exposure
No significant difference between the 2 approaches was 

found in the transversal anterior and posterior angular ex-
posure. Sectioning of the fornix column therefore did not 
lead to an increase in transversal angular exposure of the 
2 studied approaches.

In the anterior longitudinal angular exposure, the mean 
increase was 7° after sectioning the fornix column, and 
the mean increase in posterior longitudinal exposure was 
7° (p < 0.05). Table 3 lists all of the values obtained.

Qualitative Analysis of Surgical Exposure Area
Using the maximum posterior and anterior angles of 

the microscope, the transchoroidal approach allowed for 
viewing of the posterior half of the tuber cinereum, mam-
millary bodies, midbrain surface (posterior perforated 
substance, medial parts of the bases of the cerebral pe-

duncle and tegmentum), cerebral aqueduct, and posterior 
commissure.

Using the maximum anterior and posterior angulation, 
the transforniceal-transchoroidal approach allowed for the 
exposure of the pituitary infundibulum recess, the entire 
length of the tuber cinereum, mammillary bodies, mes-
encephalic surface (posterior perforated substance, medial 
portions of the cerebral peduncle and tegmentum bases), 
cerebral aqueduct, and posterior commissure (Fig. 8).

In both approaches, it was not possible to expose the 
posterior superior region of the third ventricle, due to the 
limited opening of the choroidal fissure. The transforni-
ceal-transchoroidal approach did not allow for exposure 
of the anterior-upper region of the third ventricle, due to 
the obstructed view caused by the anterior commissure 
(Table 4).

Discussion
Morphometric Analysis of Relevant Structures

Classically, transcallosal access is the route of choice 
for performing the transchoroidal approach to the third 
ventricle and for operating on ventricular lesions located 
in the midline.2,40 However, in certain situations, such as in 
the presence of severe hydrocephalus with reduced thick-
ness of the frontal lobe parenchyma or in cases of cerebral 
atrophy with a thickness less than 30 mm, the transcorti-

TABLE 1. Values of morphometric evaluation

Variable Mean SD Median Min Max 

Corpus callosum thickness 10 1 10 8.5 12
Parenchyma thickness, RFL 35 3 34 30 41
IF diameter 4.6 0.4 4.8 4.0 5.1

IF = interventricular foramen; RFL = right frontal lobe. 
Values are presented in millimeters.

TABLE 2. Exposure area of the third ventricle floor and working 
area of the 2 approaches

Variable Mean SD Median Min Max 

TC area 80 5 80 71 85
TF + TC area 101 9 98 91 115
TC working area 121 8 120 112 137
TF + TC working area 150 11 145 141 168

TC = transchoroidal; TF + TC = transforniceal-transchoroidal. 
Values are presented in millimeters squared.

FIG. 6. Chart comparing the exposure area of the third ventricle floor 
between the 2 approaches. The bars correspond to ± 2 SD.

FIG. 7. Chart comparing the working area between the 2 approaches. 
The bars correspond to ± 2 SD.
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cal route can provide a greater exposed area of the lateral 
ventricle.29 According to the study by Nagasawa et al., the 
transcallosal route is superior to the transcortical, not only 
in the absence of ventricular dilation but also in situations 
of moderate hydrocephalus with parenchymal thickness 
between 30 and 40 mm.29 Winkler et al. found a mean 
frontal lobe thickness of approximately 37.7 mm using the 
same parameters as the present study.41 In our study, we en-
countered a mean frontal lobe thickness of 35 mm, and in 
all of the cadavers, the thickness was greater than 30 mm. 
We therefore believe that in the present study, the choice 

of the transcallosal approach was appropriate and allowed 
for better exposure of the ventricular structures of interest.

The corpus callosum is the largest commissure of the 
brain and consists of more than 200 million fibers. It con-
nects the 2 cerebral hemispheres, forming the ceiling of 
the lateral ventricles and the floor of the longitudinal brain 
fissure.31,32 The corpus callosum is divided into the ros-
trum, genu, trunk, and splenium.32 The thickness of the 
corpus callosum subregions differs with regard to ethnici-
ty, sex, and the presence of diseases such as schizophrenia, 
Alzheimer disease, autism, and depression.19 The rostrum 
has a thickness of 2–3 mm; the genu, approximately 13 
mm; the middle portion of the trunk, approximately 6–12 
mm; and the splenius, between 15 and 18 mm.29,32

There is evidence that a longitudinal callosotomy of 
up to 2 cm in the proximal region of the corpus callo-
sum trunk does not cause significant neuropsychological 
changes, making the anterior transcallosal route a safe 
alternative for accessing ventricular lesions.2,22,38,42 In the 
present study, we found a mean corpus callosum trunk 
thickness of approximately 10 mm, which was similar to 
that found in other studies.19,31 Morphometric studies of 
individuals without neurological disease can most likely 
establish normal values of the corpus callosum subregions 
in a population to identify the presence and progression of 
a particular disease and to assist in the surgical planning of 
intraventricular lesions and some types of epilepsy.

The ventricular foramen was described by Scot Alex-
ander Monro II in 1783 and consists of an elliptical space 
between the fornix column anteriorly and the anterior pole 
of the thalamus posteriorly.37 In studies by Fujii et al. and 
by Lang, the approximate longitudinal diameter was 5 
mm.13,23,24 In the present study, we found a mean value of 
4.6 mm in patients with no anatomical abnormalities or 
ventricular lesions. Yaşargil et al. reported that an expan-
sion of the foramen of approximately 5–15 mm allows for 
so-called piecemeal-type resection of tumors located in 
the anterior two-thirds without causing inadvertent dam-
age to regional structures.44 For this reason, the individu-
alized preoperative evaluation of the shape and size of the 
interventricular foramen can be helpful when choosing the 
most appropriate approach for each lesion.

FIG. 8. Sagittal section of the brain fixed with formaldehyde—graphic 
representation, not to scale, of the microsurgical exposure of the 2 
approaches. The black line marks the area and structures of the third 
ventricle exposed by the transchoroidal approach; the white line shows 
the gain in exposure obtained by sectioning the fornix column in the 
transforniceal-transchoroidal approach; and the dashed yellow line 
represents the anterior, posterior, and intermediate viewing angles of 
the microscope. 1 = callosotomy; 2 = microsurgical exposure area of the 
transchoroidal approach; 3 = triangular area corresponding to a gain of 
microsurgical exposure with sectioning of the ipsilateral column of the 
fornix; 4 = infundibular recess of the pituitary gland; 5 = cerebral aque-
duct. Source: Modified with permission from an image provided by Drs. 
Hung Tzu Wen and Albert L. Rhoton. Figure is available in color online 
only.

TABLE 3. Comparison of angular exposures

Variable Mean SD Median Min Max

ALAE TC* 64 6 62 58 74
ALAE TF + TC* 71 7 71 60 78
ATAE TC 38 6 35 30 46
ATAE TF + TC 39 7 40 30 48
PLAE TC* 55 5 53 51 66
PLAE TF + TC* 62 6 62 54 74
PTAE TC 28 3 29 24 32
PTAE TF + TC 29 4 29 20 35

ALAE = anterior longitudinal angular exposure; ATAE = anterior transversal 
angular exposure; PLAE = posterior longitudinal angular exposure; PTAE = 
posterior transversal angular exposure. 
Values are presented in degrees.
* Values relating to anterior and posterior longitudinal exposure.

TABLE 4. Representation of the presence or absence of 
exposure of the anatomical structures of the third ventricle by 
the respective approaches

Structure

View by Approach

Transchoroidal
Transforniceal- 
Transchoroidal

Supraoptic recess − −
Infundibular recess − +
Anterior half of the tuber cinereum − +
Posterior half of the tuber cinereum + +
Mammillary bodies + +
Midbrain surface + +
Cerebral aqueduct + +
Posterior commissure + +

− = absence; + = presence.
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Comparative Anatomical Analysis of Approaches
The working area, or surgical freedom, is defined as a 

window in which the safe handling of surgical instruments 
is possible, and this is usually the prevalent limitation to 
target area exposure.12 In the transchoroidal approach, the 
space obtained after opening the choroidal fissure is con-
sidered the working area and consists of the third ventricle 
ceiling. In the present study, we found a mean working 
area of 121 mm2 for the transchoroidal approach and 150 
mm2 for the transforniceal-transchoroidal approach. Sec-
tioning of the fornix column therefore led to an increase in 
working area of approximately 30 mm2. Despite the fact 
that the working area is often overlooked in anatomical 
studies, increasing the working area affords the surgeon 
larger viewing angles, better options when working with 
multidirectional perspectives, and greater comfort when 
performing the surgical procedure.12

In the classic book, Surgery of the Third Ventricle, after 
an extensive literature review of the functional aspects and 
relevance of sectioning the fornix in the transforaminal ap-
proach to the third ventricle, Ehni and Ehni pose an impor-
tant query: “A better question may be, does section of the 
fornix provide better exposure?”9 Answering this question 
has been one of the objectives of the present study.

The microsurgical exposure area corresponds to the 
anatomical area that allows for microscopic viewing and 
manipulation in the dissection of regional anatomical 
structures and resection of intracranial lesions.10,12 Based 
on this concept, the larger the area is, the greater the abil-
ity to dissect and expose the structures of the third ven-
tricle, which promotes greater surgical safety. Ipsilateral 
sectioning of the fornix column quantitatively and quali-
tatively increased the exposure of the anterior third ven-
tricle region structures. The transchoroidal approach pro-
vided a mean exposure area of 80 mm2. After sectioning 
the fornix column, the mean exposure area obtained was 
101 mm2. These values objectively answer the main ques-
tion formulated by Ehni and Ehni.9 From an anatomical 
view point, the values validate the use of this procedure in 
certain circumstances where an increase in microsurgical 
exposure of the anterior third ventricle region is needed.13 
Considering the great technical difficulty involved in op-
erating on third ventricle lesions, increased exposure area 
decreases the risk of inadvertent manipulation of adjacent 
eloquent structures, with a consequent reduction in mor-
bidity and an increased possibility of total resection of the 
lesion.

Qualitative evaluation revealed that the transforniceal-
transchoroidal approach enabled the exposure of the an-
teroinferior, middle, and posteroinferior regions of the 
third ventricle. Exposure of the anterosuperior region, 
composed of the supraoptic recess and terminal blade, is 
limited by the anterior commissure and the impossibility 
of progress because the distal opening of the choroid fis-
sure did not allow exposure of the posterosuperior region 
of the third ventricle. In accordance with Ulm et al.,38 we 
observed that the transchoroidal approach is inadequate 
for accessing lesions in the anterior region or zone, be-
cause the fornix column limits exposure of that region. We 
therefore suggest its use, preferentially, for the middle and 
posteroinferior region of the third ventricle. The transfor-

niceal-transchoroidal approach was proven to be versatile 
by allowing exposure of all 3 regions of the third ventricle. 
However, we believe that the anterosuperior and postero-
superior regions are better viewed by the translaminar-
terminal and transrecess-suprapineal approaches, respec-
tively. Comparative anatomical studies would be useful to 
test this hypothesis.

Evaluating the effect of unilateral sectioning of the for-
nix column on cognition was not the aim of the present 
investigation. Several studies have demonstrated the safety 
of the technique and its insignificant cognitive repercus-
sions.2–4,7,8,15,21,22,28,30

Gaffan and Gaffan performed an extensive review of 
this topic and concluded that bilateral sectioning of the for-
nix causes memory deficits; however, there is no consistent 
evidence that unilateral sectioning of the fornix can affect 
memory.14 McMackin et al. evaluated the neuropsychologi-
cal aspects of 6 patients undergoing surgery for removal 
of a third ventricle colloid cyst. They observed that bilat-
eral lesions of the fornix in 5 patients caused a consequent 
deficit in short-term memory. However, the patient with a 
unilateral lesion of the right fornix recovered without any 
change to his memory and made a full return to work ac-
tivities.27 

Aggleton et al. showed that only bilateral interruption 
of the fornix, evidenced by brain MRI, proved to be a pre-
dictor of decreased memory performance in 12 patients 
who had surgical treatment of colloid cysts in the third 
ventricle.1 After evaluating 38 patients who underwent 
removal of colloid cysts from the third ventricle, Tsivilis 
et al.36 concluded that the reduction in the volumes of the 
left fornix and left mammillary body shown on MRI were 
consistently related to memory impairment. 

We believe that further studies, with good methodologi-
cal quality, must be conducted to better understand the in-
teraction between the fornix column and the other brain 
structures involved in memory. Currently, there are no 
studies objectively showing that unilateral, surgically in-
duced injury to the right fornix (nondominant hemisphere) 
in humans has a significant impact on memory. Based 
on this information, its use may be suggested in selected 
cases after proper neuropsychological evaluation, in situa-
tions where greater surgical exposure of the anterior third 
ventricle region is required.

Angular exposure is increased with bone removal, ce-
rebral retraction, or the sectioning of structures. Greater 
angulation allows the surgeon to work in various direc-
tions, which promotes greater safety during microsurgical 
dissection of neurovascular structures, with a consequent 
reduction in the risk of unnecessary manipulation of the 
surrounding nerve tissue.9–11 Angular exposure can also 
be understood as the surgeon’s range of executable move-
ments.12 Longitudinal and transverse exposure was evalu-
ated using the tuber cinereum in the anterior region and 
the cerebral aqueduct in the posterior region. Thus, in each 
approach, 2 values were obtained for longitudinal expo-
sure and 2 for transversal exposure. 

The evaluation of 1 anterior and 1 posterior parameter 
was justified by the funnel format of the third ventricle. 
There was no difference in transverse angular exposure 
between the 2 approaches; however, there were mean in-
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creases of approximately 7° in longitudinal anterior an-
gular exposure and approximately 7° in longitudinal 
posterior angular exposure. This result indicates that the 
transforniceal-transchoroidal approach allows for more 
angulation in the longitudinal plane, which may result in 
safer resection of extensive lesions occupying the anterior, 
middle, and posterior regions of the third ventricle.

To our knowledge, this study is the first to use fresh 
cadavers to systematically compare 2 approaches to the 
third ventricle using a neuronavigation system. In addition 
to performing a morphometric study of the relevant struc-
tures, we quantitatively evaluated microsurgical exposure 
using 6 parameters and compared the data obtained for 
the transchoroidal and transforniceal-transchoroidal ap-
proaches. In addition, a qualitative evaluation of the ap-
proaches was performed, objectively exposing their limi-
tations and optimal applicability in neurosurgical practice.

This method provided a comparative anatomical study 
of 2 approaches in a single situation, that is, in cadavers 
without anatomical changes or distortions of the third ven-
tricle. However, in neurosurgical practice, what motivates 
access to this area are precisely the lesions that usually 
occupy and alter ventricular morphology. Therefore, it is 
essential to perform a thorough and individualized analy-
sis of each case. Other limitations of this study relate to the 
consistency of the brain in the cadaver and the absence of 
blood and CSF flow. These factors may affect the techni-
cal difficulty of implementing these surgical approaches.

Conclusions
The transcallosal-transforniceal-transchoroidal ap-

proach provides a greater microsurgical exposure area, 
greater working area, and greater angular exposure area in 
the longitudinal plane than the transcallosal-transchoroi-
dal approach. There was no difference in angular exposure 
on the transverse plane between the 2 approaches. Quali-
tative evaluation showed that the transcallosal-transforni-
ceal-transchoroidal approach allows for exposure of the 
infundibular recess and front half of the tuber cinereum—
structures that are not exposed by a transcallosal-transcho-
roidal approach. Morphometric analysis established mean 
values for the following structures: frontal lobe parenchy-
ma thickness (35 mm), corpus callosum trunk thickness 
(10 mm), and longitudinal diameter of the interventricular 
foramen (4.6 mm) in the studied population.
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