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INTRODUCTION

Conceived as a noninvasive treatment technique, with a greater analogy to surgery than 
radiotherapy, stereotactic radiosurgery (SRS) uses high doses of ionizing radiation, usually in a 
single fraction, directed at a stereotactically defined intracranial target. e gamma unit (Gamma 
Knife®), since its creation in the 60s, has been the most frequently used platform to do it, however, 
since its introduction in the 80s, the dedicated linear accelerator (LINAC-D), currently with 
technical and mechanical precision comparable to that of the gamma unit, has increased its use 
as a valuable tool in the practice of Radiosurgery (RS).[1,2]

ABSTRACT
Background: We describe the technical report and results of the first image-guided, linear accelerator, frameless 
radiosurgical third ventriculostomy.

Methods: We report a 20 years old man, with diplopia, balance disturbances, and limitation for gaze supraversion. 
Magnetic resonance imaging resonance imaging of the brain and cranial computed tomography showed showed 
a left thalamic-midbrain lesion that caused partial compression of the Silvio aqueduct and mild ventricular 
dilatation. e biopsy revealed the diagnosis of pleomorphic xanthoastrocytoma. Before radical treatment 
of the tumor with fractionated stereotactic radiotherapy, the patient underwent to frameless radiosurgical 
third ventriculostomy, on the TrueBeam STX® platform with the ExacTrac localization system. e target used 
was the one defined on the floor of the third ventricle, at the midpoint between the mammillary bodies and 
the infundibular recess. e prescription dose was 120 Gy, given using a monoisocentric technique of multiple 
noncoplanar circular arches. e geometric arrangement of the plan consisted of 15 arches, with a 4 mm cone, 
distributed over a 110° table.

Results: ere was symptomatic and image improvement two days after radiosurgery. On CT, a reduction in 
ventricular dilation was observed with a reduction in the Evans index from 0.39 (initial CT) to 0.29 (CT at 15 
days). In 3.0T magnetic resonance image at 3 months, we showed the third ventriculostomy. ere have been no 
treatment failures or complications.

Conclusion: It is possible to effectively perform the frameless radiosurgical third ventriculostomy without 
associated morbidity in the short term.
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e precise location of the target, the great spatial accuracy of 
the radiation beam, and the abrupt drop in the dose outside 
the volume of interest are essential characteristics of this 
procedure. To comply with these requirements, the use of a 
rigidly placed stereotactic guide device (stereotactic frame), 
other immobilization technology (mask), and/or an image-
guided location system is essential.[3]

Since the 2000s, treatment localization systems (TLSs) for 
image-guided RS (IGRS) with mask-based immobilization 
(frameless) have been playing a very important role, as 
they achieve a degree of mechanical  precision comparable 
to the stereotactic guide system with frame, while allowing 
noninvasive immobilization of the patient. e mechanical 
precision of these systems has been extensively studied.[4-8]

Radiosurgery finds its main indications in benign, malignant, 
and functional intracranial pathology since it has the capacity 
to eradicate or inactivate a tumor, to favor the obliteration of 
the anomalous vasculature in a malformative nest, to produce 
a precise lesion that allows interrupting neuronal pathways, 
or to generate a continuity solution on a specific target; this 
last characteristic has allowed us to transcend its indications 
and extend its applications.[9-11,13-15] In 2012, we reported the 
first radiosurgical third ventriculostomy (SRS-irdV) with 
frame fixation and stereotactic guidance, based on LINAC 
Novalis (BrainLAB, Heimstetten, Germany), as a procedure 
analogous to the Endoscopic third ventriculostomy 
(ETV), demonstrating that it could be an effective and safe 
therapeutic alternative, in well-selected patients, with mild 
obstructive hydrocephalus.[16]

On this occasion, we report the procedure and results 
of the first image-guided (frameless) radiosurgical third 
ventriculostomy (IGRS-irdV), with LINAC TrueBEAM 
STx platform (Varian Medical Systems, Palo Alto, California, 
United States), and performed at the Institute National 
Neurology and Neurosurgery “Manuel Velasco Suarez” from 
Mexico City.

Description of the case

We present a 20-year-old man with a 1-month history 
of diplopia, balance disturbances, spatial disorientation, 
and limitation for conjugate gaze supraversion. Magnetic 
resonance imaging (MRI) of the brain and  cranial computed 
tomography (CT) showed a left thalamic midbrain injury 
that caused partial compression of the Silvio aqueduct 
and mild ventricular dilation, with an Evans index (EI) 
of 0.39. e biopsy was obtained by neuronavigation and 
the histopathological report revealed the diagnosis of 
pleomorphic xanthoastrocytoma (WHO Grade II). Due 
to the aforementioned clinical and imaging characteristics 
and the patient’s functional status, 70% on the Karnofsky 
scale (KPS), we proposed performing a ETV, before radical 
treatment of the tumor with fractionated SRS (FSRT). 

e patient declined the endoscopic procedure, so the 
radiosurgical procedure (IGRS-irdV) was chosen.

Pretreatment image, simulation tomography, and image 
fusion

Pretreatment brain MRI was performed with a 3-tesla (3.0 
T) magnet resonator (General Electric [GE] Signa Twin 
Excite MRI Scanner, GE Medical Systems, Milwaukee, WI), 
with weighted volumetric sequence acquisition (SPGR) in 
simple T1, T2, and T1 with contrast, cuts with a thickness of 
1 mm, matrix size of 512 × 512, pixel size of 0.45 mm, and 
without gap.

For noninvasive immobilization of the skull, a three-
component thermoplastic mask for RS was formed 
(BrainLAB, Heimstetten, Germany), after placing the 
neck support, selected based on the patient’s anatomy. 
Subsequently, the method of immobilization was fixed to 
the mask base located on the universal table for tomography 
table from the same manufacturer. After the fixation system 
was placed, the images of the skull simulation CT (Siemens 
SOMATON Sensation 64 CT, Siemens Medical Solutions, 
Malvern, PA) were acquired with cuts of 0.7 mm thickness, 
reconstruction size of 512 × 512 matrix, and no spaces.

Coregistration of pretreatment MRI with simulation CT was 
performed using Brainlab Elements Image Fusion (version 
3.0.1.6), which uses rigid registration methods to match 
anatomical structures present in different image sets, to 
obtain precise anatomical and geometric information for the 
proper definition of the target.

Definition of target volume and organs at risk

e definition of the target and the contouring of risk 
organs were performed with the BrainLAB iPlan RT Image 
delineation software (version 4.1.2.5). e target, as described 
in our previous article, was located on the brain MRI, in the 
SPGR sequence, weighted in T1 with contrast, in the mid-
sagittal plane, and was defined on the floor of the third 
ventricle, at the point medium between the mammillary 
bodies and the infundibular recess [Figure 1]. e organs at 
risk (OAR) considered and the limiting doses used are shown 
in [Table 1].[19-23]

Prescription dose, dose distribution, and treatment 
planning

e prescription dose to the isocenter was 120 Gy, given 
using a monoisocentric technique of multiple noncoplanar 
circular arches. e BrainLAB iPlan RT Dose system 
(Version 4.5.5) was used for the planning of treatment with 
cone collimation, which uses the Clarkson dose algorithm 
for the calculation and projection of the 3D distribution of 
the isodose curves.
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e geometric arrangement of the plan consisted of 15 
arches, with the 4 mm cone, distributed at 110° of table, 
with table angles between 60° and 310°, each arc separated 
by 5° of table rotation and one gantry rotation 90°. e 
graphic representation of the arches arrangement is shown in 
[Figure 2], and [Table 2] shows the technical aspects of the 
IGRT-irdV according to the International Electrotechnical 
Commission.[12,17]

e dose distribution was elongated on the Z-axis 
(craniocaudal), therefore, the 115 Gy curve crossed 
the entire floor of the third ventricle on the same axis 
(approximately 2 mm in length). e 85 Gy curve, even 
more elongated in the craniocaudal direction, and acquiring 
an “ellipsoidal” shape, managed to cover, above and below, 
the floor of the third ventricle, with the equivalent of its 
same thickness, with the aim of guarantee the coverage of 
spatial uncertainties associated with dosimetric parameters 
and natural movements during the respiratory cycle. A 
spatial “hourglass” distribution was generated in the 24 and 
12 Gy isodose curves [Figure  3], with the aim of limiting 
doses to OAR.

Treatment planning was carried out the same day the 
images were acquired, and 1 day before performing the 
IGRS-irdV procedure. e total planning time was 
approximately 180–240 min.

Dose-volume histograms (DVHs) of the radiosurgical 
third ventriculostomy

e evaluation of DVHs was carried out following the 
recommendations of report 91 of the International 
Commission on Radiation and Measurement Units (ICRU) 
for the prescription, recording and reporting of stereotactic 

Table 1: Organs at risk considered and limiting doses used.

Structure Limiting doses

Infundibulum Dmean <7.3 Gy[19]

Pituitary gland Dmean <15 Gy[20]

Chiasm, optic nerves, optic tract Dmáx <8–10 Gy[21]

Brainstem Dmáx <12.5 Gy[12]

Mammillary bodies* V12 <5–10 cc[22]

Basilar artery* Dmáx <30 Gy[23]

*ere are no defined restrictions for these structures, so we use the normal 
brain tissue restriction for mammillary bodies and one of the proposed 
restrictions for the cavernous portion of the internal carotid artery

Table  2: Technical aspects of the linear accelerator based, 
frameless radiosurgical third ventriculostomy, International 
Electrotechnical Commission.[12,17]

Arc 
number

Stationary  
table position (°)

Start-end 
angle or arc 

angle

Total 
dose 
(Gy)

Dose/
arc 

(Gy)

3 60 320-230 8.00 2.7
3 65 320-230 8.00 2.7
3 70 320-230 8.00 2.7
3 75 320-230 8.00 2.7
3 80 320-230 8.00 2.7
3 85 320-230 8.01 2.7
2 90 320-230 8.02 4.0
3 275 40-130 8.05 2.7
3 280 40-130 8.05 2.7
3 285 40-130 8.01 2.7
3 290 40-130 7.99 2.7
3 295 40-130 8.00 2.7
3 300 40-130 7.99 2.7
3 305 40-130 7.99 2.7
3 310 40-130 8.00 2.7

Figure 1: Contrast-enhanced magnetic resonance image of the brain, where, in sagittal (a), axial (b), and coronal (c) views, the radiosurgical 
target (green color) is observed, located on the floor of the third ventricle (purple color) and indicated by an arrow (blue color).

a

c b
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treatments with small photon beams.[17] e maximum point 
doses (Dmax or D0%) and the doses close to the minimum 
volume (D35mm3 or D2%) of the OARs considered 
are shown in [Table  3]. All the OARs met the proposed 
restriction doses, and only 1.46 cm3 of healthy tissue received 
12 Gy [Figure 4].

Patient placement, treatment, and quality control

e patient positioned himself on the treatment table, placed 
the neck support, and was immobilized with the mask. 
Subsequently, the BrainLAB positioning arrangement for 
RS frameless was placed, which provides precise positioning 
information to the TLS.

e TLS used for image guidance was the ExacTrac6.2 
(ET) system (BrainLAB AG), which integrates an optical 
positioning system based on infrared (IR), a radiographic 
positioning system consisting of the acquisition of two 
oblique images kV X-ray stereoscopic (X-ray 6D) and 
a robotic stretcher that can move in six directions. e 
verification of the initial position and for each table 
movement was performed with the coregistration of the 
images acquired by the ET with the digitally reconstructed 
radiographs (DRRs) of the simulation CT, using 6° of-

freedom fusion algorithms (6DOF).[18] e information of 
the linear and rotational displacements at the beginning and 
during the treatment for each table movement are shown in 
[Table 4].

e IGRS-irdV was performed with a LINAC TrueBEAM 
STx (Varian Medical Systems, Palo Alto, California, United 
States), with 6X-FFF energy (without flattening filter), with 
31,100 total MUs and a dose rate of 1200 UM/min, for a total 
beam time of 25.91 min, and a total treatment time of 78.56 
min. During this time, there was communication with the 
patient to ensure that he was in a comfortable position and 
thus prevent any movement.

Before treatment, the quality control tests (QA) of the 
isocenter were carried out, based on: the calibration of the 
TLS isocenter, using the ET QA program; the Winston-
Lutz (W-L) test, demonstrating a rotational precision 
of the gantry and the LINAC table <0.4 mm; and the 
“Detection of the W-L phantom” test, meeting the tolerance 
of 1 mm, between the ET (KV) isocenter and the LINAC 
(MV) isocenter, in three dimensions (3D) (X, Y, and Z). 

Table 3: Dosimetric information of organs at risk considered in 
the treatment plan.

OARs Dmáx-D0% (Gy) D35 mm3-D2% (Gy)

Basilar artery 27.91 19.2
Mamillary bodies* 14.61 2.6
Brainstem 12.17 9.6
Right optic tract 8.09 4.16
Left optic tract 6.61 2.6
Chiasm 2.67 2.4
Right optic nerve 0.02 0.001
Left optic nerve 0.02 0.001
Infundibulum 1.57 0.52
Pituitary gland 6.57 2.86
*e mammillary bodies are pretty small structures (volume of each 
one is 0.027 cm3), this size made difficult the calculation of the received 
dose. e percent of both mammillary bodies exposed to irradiation was: 
V15=0.0%, V14=0.3%; V13=0.5%; V12 is 0.8%, V10=1.6% (0.001 cm3)

Figure 2: Graphic representation of the geometric arrangement of the noncoplanar circular arches for the treatment plan.

Figure 3: Sagittal magnetic resonance imaging sections of the brain, 
contrasting T1, showing the 3D distribution of the 120 Gy (a), 85 
Gy (b), 24 Gy (c), and 12 Gy isodosis curves (pink) (d).

ba

c d



Gutierrez-Aceves, et al.: Frameless radiosurgical third ventriculostomy

Surgical Neurology International • 2020 • 11(398) | 5

Dosimetric studies showed a variation of the prescribed 
dose of less than 2%. 

One day after the radiosurgical procedure, the left diencephalic 
lesion (pleomorphic xanthoastrocytoma) with a planning 
target volume of 12.3 ml, was treated with FSRT, using a 
volumetric intensity modulated arcotherapy technique, 
which consisted of two coplanar arches, with gantry rotation 
between 35° and 179°, collimator between 30° and 330°, and 
table at 0°. e prescription dose was 50.4 Gy, given in 28 
fractions. e radiosurgical procedure was considered for the 
evaluation of the DVH of the fractional treatment, obtaining 

that in the sum plan, the final cumulative doses were below 
the tolerance doses for each OAR.

RESULTS

Postprocedure course

Clinical evaluation was performed every day during the 
first week, each week during the first month, then every 15 
days for the 2nd month, and then 1 day after acquisition of 
neuroimaging studies. e follow-up by image consisted of 
acquiring a cranial CT at 2, 7, 15, and 30 days posttreatment, 

Figure 4: Dose-volume histograms of organs at risk considered in the treatment plan. Here, we can see the OARs receive lesser than the 
tolerance; including mammillary bodies that receive lesser than 12 Gy.
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continuing the follow-up with the acquisition of MRI at 3, 6, 
9, 12, 18, and 24 months.

After the radiosurgical procedure, prednisone was started at 
a rate of 1 mg/kg/day with a dose reduction scheme (10 mg/
week). In the first clinical evaluation, the patient showed 
improvement in diplopia and balance disturbances, so the 
KPS scale score was increased (80%), and in the evaluation 
at 3 months, he was already free of symptoms ( 100% KPS). 
On skull CT, 2 days after treatment, we found a slight 
reduction in ventricular dilation with EI of 0.35; at 7 days, 
we found an even greater reduction in ventricular dilution 
with an EI of 0.32, and at 15 days, we showed the resolution 
of hydrocephalus, EI of 0.29, which has been maintained 
throughout the patient’s follow-up [Figure 5]. e 3.0 T MRI, 
3 months after the procedure, which included the acquisition 
of the weighted images in T1, T2, and T1 with contrast, in the 
SPGR sequence, confirmed the presence of the third ventricle 
stoma (2.21 mm continuity solution on the floor of the third 
ventricle) [Figure 6].

Regarding the evolution of pleomorphic xanthoastrocytoma, 
on MRI of the brain 3 months after treatment, we showed a 
partial response characterized by a reduction >50% of the 
lesion in its perpendicular diameters, with persistence only 
of the cystic portion of the disease, with a volume of 2.34 

cm3, which has remained stable for 2 years of follow-up 
[Figure 7].

During the entire follow-up, the patient did not present 
clinical data of neurological progression or alterations 
secondary to RS. e patient was irradiated 2 years ago. 
Nowadays, he is a laws student in the Universidad Nacional 
Autonoma de Mexico (UNAM). He is an excellent student, 
with high performance, his recent score is 98 (98/100).

DISCUSSION 

Endoscopic third ventriculostomy in obstructive 
hydrocephalus secondary to midline tumor pathology

Endoscopic third ventriculostomy combined with tumor 
biopsy, or resection, when feasible, is the recommended 
primary treatment in patients with tumors of the posterior 
region of the third ventricle and of posterior fossa in the 
midline that condition obstructive hydrocephalus.[24,25] A 
single- or dual-port approach has proven to be safe and 
effective.[26] Immediate subjective symptomatic relief has 
been described ranging from 83% to 89% for primary 
ETVs.[27-29] e success rate of ETV in these pathologies 
ranges from 56 to 81%.[30-32] Reduction of ventricular 
size, evidenced by postprocedure imaging studies, is 

Table 4: Positioning report obtained from the ExacTrac.

Displacement (mm) Angle (°)

(X) 
Lateral

(Y) 
Longitudinal

(Z) 
Vertical

(X) 
Lateral

(Y) 
Longitudinal

(Z) 
Vertical

Initial positioning correction
Average –2.80 –0.18 –1.01 –0.2 0.0 0.4
Standard deviation 0.00 0.00 0.00 0.00 0.0 0.0

Verification after initial image-guided correction and for 
every 10° of table movement during treatment (n=8)

Average 0.06 –0.45 –0.07 0.1 –0.1 0.2
Standard deviation 0.29 0.15 0.09 0.2 0.1 0.1

Figure 5: Time line of the cranial tomography (before and after the procedure), where a progressive reduction in the size of the third ventricle 
and of the frontal horns of the lateral ventricles is observed (indicated with yellow arrows). However, de tumoral size does not have any 
changes (at this time, the patient was in treatment with conventional fractionation of the tumor).
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associated with satisfactory clinical results.[26] e failure 
rate within the 1st year is between 16 and 20%, the majority 
occurring in the first 3 months (58–97%), and it must be 
taken into account that failures can develop after several 
years of procedure.[30,31,33,34] e etiology of the failures is 
multifactorial and among its causes it has been described 
that the size of the stoma and the insufficient flow of 
cerebrospinal fluid (CSF) through it can determine an early 
failure. e ideal stoma size has not yet been defined.[35] 
Global complications of ETV have been reported between 
0 and 2%.[36]

Radiosurgical third ventriculostomy with frame 
and stereotactic guide, and radiosurgical third 
ventriculostomy with image guided (frameless)

In general terms, the main technical differences between the 
SRS and the IGRS are the immobilization method (frame 
or mask) and the procedure guide (stereotactic or image 
guide). Placing an invasive stereotactic framework through 
mechanical fixation is safe and offers little morbidity, however, 
it does result in certain limitations regarding patient comfort 
and workflow. e introduction of frameless IGRS allows for 

Figure 7: Evolution overtime of pleomorphic xantoastrocytoma (indicated with blue arrows). Axial sections of magnetic resonance images of 
the brain, contrasting T1 and T2, before treatment (a and b), and at 6 (c and d) and 24 months after (e and f). 

a b c

d e f

Figure 6: (a and b) Planning magnetic resonance image (MRI) indicated target (white arrow) and dose curve (pink) of 85 Gy. (c and d) 
MRI at 3 months, stoma (white arrow) is observed in the floor of the third ventricle. (e and f) Cine phase MRI, CSF circulation by stoma is 
observed (see white arrow). 

a

b

c

d

e

f
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noninvasive treatment, which does not require anesthesia and 
avoids the need for close patient monitoring.[37] e precision 
of both techniques has been shown to be comparable.[39,40]

In 2012, we reported the results and procedure of the first SRS-
irdV in a patient with pontine metastasis from clear cell 
renal cancer, causing compression of the fourth ventricle and 
partial obliteration of the Silvio aqueduct, with ventricular 
size index (VSI). On that occasion, 100 Gy were prescribed to 
the previously defined target, obtaining as a result subjective 
symptomatic improvement in the 1st week after the procedure, 
with elevation of the KPS (90%), as well as reduction of the VSI 
of 4% in the cranial CT at 7 days. e stoma, 2.63 mm, was 
evidenced in the 3-month MRI of control, and in the cine phase, 
the patent of the CSF circulation from the third ventricle to the 
interpeduncular cistern was observed. e VSI was maintained 
between 30 and 32% throughout its follow-up (8 months), 
and no complications were reported.[16] ese clinical results 
(clinical improvement in 1 week, improvement in functional 
status, without data on failure, and without complications) and 
imaging (reduction of ventricular size on CT and evidence 
of stoma on MRI) are similar to those obtained in the patient 
undergoing IGRS-irdV.

CONCLUSION

e IGRS-irdV is a noninvasive and highly accurate 
technique, which in this case proved to be safe and effective, 
and whose main indication could be found in selected 
patients with mild obstructive hydrocephalus secondary to 
tumoral pathology.
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