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• Stereo: from Greek word Stereos = 

3D solid

• Tactic: from Greek word taxis = 

orientation

• Stereotactic :

– Use of 3D coordinate s system to 

localize a target more accurately.

– Initially has been accomplished 

using rigid head ring.

Stereotactic

Z – axis : Superior

Y – axis : Frontal





Interaction of X or 
γ-photons with 

human body

•The probability that photon interact with 
matter by any of three phenomena 
(photoelectric effect, and Compton scattering, 
and pair –production) is dependent on photon 
energy (hν) and on the atomic number of the 
attenuating material.

•Generally, the photoelectric absorption is the 
predominant with photon of low energies, 
Compton scatter is the effect of intermediate 
energies and at high energies the pair-
production takes place, which is the interaction 
that predominant with radiation therapy
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• The CyberKnife system is a non-invasive treatment frameless

stereotactic radiosurgery (SRS) instrument that consists of a 6-

megavolt linear accelerator (LINAC) mounted on an industrial robot,

a repositionable treatment couch, orthogonally placed digital x-ray

cameras, and a computerized targeting system, used to treat spine

tumors.

• Stereotactic radiosurgery (SRS) is a form of radiation therapy that 

focuses high-power energy on a small area of the body. 

• The CyberKnife System is a radiation therapy device manufactured 

by Accuray Incorporated.



VARIAN STX
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WE HAVE-
ELEKTA
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WHAT WE 
HAVE?
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CONES- FOR SUBCENTEMETER TUMORS

AGILITY HEAD-MORE CONFIRMITY FOR 
SMALLER TUMORS

FRAXION-NON INVASIVE,FRAMELESS  
COMFORTABLE MASK

CONE BEAM CT-ONLINE  CT BASED 
CORRECTION 

HEXAPOD-EXTRA DEGREE OF ROTATIONAL 
CORRECTION 



ELEKTA AGILITY
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ELEKTA AGILITY
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ELEKTA 
AGILITY
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CBCT- CONE 
BEAM CT
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CBCT- CONE 
BEAM CT
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HEXAPOD
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SRS  SMALL FIELD CONES
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• The CyberKnife system is a non-invasive treatment frameless

stereotactic radiosurgery (SRS) instrument that consists of a 6-

megavolt linear accelerator (LINAC) mounted on an industrial robot,

a repositionable treatment couch, orthogonally placed digital x-ray

cameras, and a computerized targeting system, used to treat spine

tumors.

• Stereotactic radiosurgery (SRS) is a form of radiation therapy that 

focuses high-power energy on a small area of the body. 

• The CyberKnife System is a radiation therapy device manufactured 

by Accuray Incorporated.
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Introduction to CyberKnife

• A treatment unit designed for both intracranial
and extracranial radiosurgery.

• CyberKnife has 6-degrees of freedom.

• Pencil beams of radiation are delivered
sequentially as the robot moves around
patient.



1.The Treatment Head
• one of the three secondary beam

collimation systems available

• A set of 12 fixed circular collimator
cones with nominal diameters ranging
from 5 to 60 mm at 800 mm distance
from the source

• the Iris® variable aperture collimator
capable of achieving the same nominal
field sizes with those of fixed
collimators.

• the InciseΤΜ multi leaf collimator
exhibiting 3.85 mm leaf width and
maximum achievable field size of 100
× 115 mm2 at 800 mm distance from
the source
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5 microns less than a human hair!

TECHNICAL DATA

Maximum Reach 2496 mm

Rated Payload 300 kg

Number of Axes 6

Weight Approx. 1120 kg

Pose Repeatability 

(ISO 9283)
+/- 0.06mm (60 microns)



1. The X-Ray Imaging System

• The X-ray tubes are operated at voltages ranging from 40 to 150 kV 
using one of the two available focal spot sizes (0.6 mm and 1.2 mm)

2. The Optical Camera System

• It consists of three cameras in a ceiling-mounted retractable boom-
arm and is used to track targets that are affected by respiratory 
motion in combination with intrafraction X-ray images

• This camera array detects the position of three optical markers (red 
LEDs communicating with the system via optical fibers) attached to 
the patient surface.

• These measurements are used to create a correlation model between 
the patient’s breathing pattern, determined by the external markers, 
and the precise location of the tumor (or a tumor surrogate, e.g. 
fiducial markers)

2.Image Guidance System (IGRT)



Treatment Planning and Delivery Overview
• Treatment planning is performed using a vendor-

provided software suite (currently, the Accuray
Precision®) and aims to determine the optimum
geometric arrangement of treatment beams and
radiation fluence per beam

• Treatment Delivery



What if you could:

• Precisely monitor patient and tumor motion in real
time with automatic 6D motion tracking and
correction

• Detect and correct for tumor motion with
sub-millimeter precision with continual image
guidance

• Deliver highly accurate and precise treatment for
inoperable tumors



Synchrony ® Respiratory Tracking System
True dynamic real-time tracking

• Monitors chest wall positions throughout 
treatment in real-time

• Chest wall motion with target position 
throughout respiratory cycle

• Establishes path of motion for 
robot during beam-on

• Eliminates need for breath-hold 
or gating techniques
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TUMOR

Subclinical Disease

TUMOR

Subclinical Disease

Linac-based lung SBRT requires larger margins to avoid treatment inaccuracies

CyberKnife® System 
SBRT

Gantry SBRT

* may vary on a case by case basis

Gantry and CyberKnife® Lung SBRT

CyberKnife System treatment deliveries spare 40% of healthy tissue*



Gamma Knife (GK)
• Contains 192 60Co sources that are channeled

through a tungsten coll imator helmet .

• Generates narrow radiation pencil beams to

coincide within 0.1 mm of each other at the

center of the helmet .

• Multiple circular coll imators are used to

generate “shots” to fi l l a particular volume

using one or multiple isocenters .

• Doses are typical ly prescribed to the 50%

isodose l ine.

• There are Icon helmets with varying

coll imator sizes of 4, 8, 14, and 18 mm .



Isotope Co60

Target area

192 Radiation Beam.

Collimator Helmet

Isotope Co60

Leksell gamma knife



CyberKnife Routine QA Procedures

Daily QA
• Linac Output

• Various voltages and currents

• Robot perch position

• Safety interlocks

• Coincidence of treatment beam with 

imaging center (AQA)

Quarterly QA
• Imaging system alignment

• Couch position accuracy

Monthly QA
• Beam Energy

• Flatness/symmetry/penumbra

• Robot pointing (b.b. test)

• End-to-end test

• Laser/radiation coincidence

• Imaging system alignment

• Couch position accuracy

Annual QA
• Spot check beam data

• Treatment planning system

beam data and calculation checks.



The Treatment Process

Frame 

Fixation

Mask 

Fixation

CBCT
Plan 

Approval 

Patient 

Irradiation



 Low and high X-ray photon

beam

 MLC (<6 mm width) for

treating small targets

especially in the brain

 photon energies (6–18 MeV)

 limited number of beam

angles

 frame-based fixation (Mask)

 3 to more than 15 sessions

 Treat all the body sites

 Low X-ray photon beam

 Fixed collimators or

dynamic aperture collimator

both having a round shape

with diameter from 5 up to

60 mm

 photon energies (up to 6

MeV)

 six degrees of freedom

 Farmless

 1 – 5 sessions

 Specific and non operable

sites

 High energy gamma ray

 fixed collimators

 Dose 20 Gy

 six degrees of freedom

 Frame or Mask

 Single session

 Only brain lesions



10/9/2023 34



Dosimetry 
and QA 
devices
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SRS VS SRT
• SRS and SRT are very similar, but SRS delivers 

a large dose of radiation on a single day and 
SRT has a fractionated treatment schedule. 

• This means that in a SRT treatment the 
patient will have treatments spanning 
multiple days.

• Although, the total dose in SRT may be larger 
than in SRS any single day will have a much 
smaller dose delivery.

10/9/2023
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AVM
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AVM
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AVM NIDUS
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SPETZLER 
MARTIN 

GRADING 
AVM
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AVM MANAGEMENT
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Conservative Microsurgery    

Embolization     Radiosurgery



EMBOLIZATION

• Curative embolization

• Partial (staged  
embolization)

• Pre-op  embolization

• Pre-radiosurgery 
embolization
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CONSERVATIVE MX AVM
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The AVM may be very 
extensive, located deeply 

with supply from deep 
perforating vessels which 

are  not amenable for 
surgery  or  endovascular 

treatment.

Very old age would be 
consideration  for 

conservative treatment. 

Obviously poor medical 
condition, such as 

advanced heart diseases, 
respiratory insufficiency or 

cancer with metastasis 
would be contraindication 

to a definitive AVM 
treatment



RADIOSURGERY

• Radiosurgery is an effective alternative treatment for 
selected AVM patients rather than microsurgery , 
especially in those with  surgically inaccessible 
lesions  with comorbidities which hinder surgical 
intervention or if microsurgery is not feasible.

• In terms of radiobiology, AVM are late responding  
target within late reaction of  normal tissue.

• Following bleeding , part of nidus may be hidden or  
compressed by clots hence it is rational to wait till 
resolution of hematoma (average 2-3 months).
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SPETZLER 
MARTIN 

GRADING AVM 
MX
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AVM MX ALGORITHM-ISRS GUIDELINES
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WHAT HAPPENES TO VESSELS
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AVM-IMAGING

• DSA-DIGITAL SUBSTRACTION 

ANGIOGRAM

• MRI

– 3DFSPGR CONTRAST-

BETTER BRAIN 

VISUALIZATION

– T2W GRADIENT ECHO-

DETECT BLEED

• CECT-PLANNING
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AVM- LITERTURE REVIEW
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STAGED VOLUME RADIOSURGERAY

Large AVMs in a planned staged fashion was undertaken to limit the radiation exposure to the surrounding 
normal brain

At the first radiosurgical procedure, the total volume of the AVM is estimated and a dose plan calculated 
that covers 10 cm3 –15 cm3 , or one-half the nidus volume if the AVM is critically located (brainstem, 
thalamus, or basal ganglia). 

At 6-month intervals thereafter, radiosurgery was repeated to different portions of the AVM with the 
previous dose plan(s) being re-created utilizing intracranial landmarks to minimize radiation overlap
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STAGED 
VOLUME

POLLOCK ET AL/IJROBP
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MENINGIOMAS

• Meningiomas are generally benign lesions that 
account for 15–20 % of primary brain tumors, 
affect predominately middle- aged patients, 
and occur predominately in females

• The atypical and malignant meningiomas are 
characterized by successive recurrences and 
an aggressive behavior.

• Among all meningiomas, their incidence varies 
in the literature ranging from 4.7 to 7.1 % and 
1.0 to 3.7 % for atypical and malignant, 
respectively
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CASE 
SELECTION FOR 
MENINGIOMA



DOSE SELECTION

62
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CONTROL RATES





ACOUSTIC NEUROMA

1. An acoustic neuroma is a noncancerous growth that develops
on the eighth cranial nerve.

2. Also known as the vestibulocochlear nerve, it connects the
inner ear with the brain and has two different parts.

3. One part is involved in transmitting sound; the other helps
send balance information from the inner ear to the brain.
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ICE CREAM 
CONE
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BILATERAL 
ACOUSTIC 

NEUROMAS
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ACOUSTIC 
NEUROMAS-s/s
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ACOUSTIC 
NEUROMA-

OPTIONS
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Wait and 
watch

Surgery
Radio 

surgery



KOOS GRADING
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KOOS GRADING
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AUDIOMETRY
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FACIAL PALSY GRADING
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SURGICAL 
INTERVENTION
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Non-
elderly



BEFORE-6M-2YEAR-POST SRS
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RADIOLOGICAL 
PROGRESSION
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DOSE 
DISTRIBUTION



CONTROL RATE
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Long-term tumor control rates 
of acoustic schwannomas with 
radiosurgery vary from     90 % 

to 98 % in different series.

Chopra et al reported long-term 
results with acoustic 

schwannoma radiosurgery to           
12–13 Gy for 216 patients at 
Pittsburgh With 98 % tumor 

control (freedom from 
resection) at 10 years





PITUITARY ADENOMAS

On the evidence available, no data support the superiority of 
SRS over FSRT for the treatment of patients with pituitary 
tumors. 

Dose and fractionation are usually chosen on the basis 
of the size and position of the pituitary adenoma.

In current clinical practice, single-fraction SRS at doses of 16–25 Gy may 
represent a convenient approach to patients with a relatively small pituitary 
adenoma away from the optic chiasm, whereas FSRT is preferred over SRS for 
lesions >2.5–3 cm in size and/or involving the anterior optic pathway
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TRIGEMINAL NEURALGIA

TRIFACIAL 
NEURALGIA

TIC 
DOULOUREX

FOTHERGILLS 
DISEASE
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TRIGEMINAL NEURALGIA

NERVE ROOT IRRITATION

Arterial compression Demyelination

Another widely accepted cause of TN is mechanical compression of the trigeminal nerve root, 
usually within a few millimeters of entry into the pons—the root entry zone (REZ)

Nearly 80 to 90% of all TN cases are caused by a neurovascular 
conflict involving the trigeminal nerve and an artery. 
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THE NEUROVASCULAR CONFLICT
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OPTIONS OF 
TREATMENT TN

1. Medications 
2. Percutaneous radiofrequency 

rhizotomy , glycerol injection
3. Balloon compression
4. microvascular decompression 

(MVD)
5. Stereotactic radiosurgery (SRS)
6. Among these available 

techniques, SRS has emerged as 
the least-invasive procedure, 
resulting in a significant pain 
relief with minimal side effects



ALGORITHM
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LITERATURE REVIEW-TG SRS





WHOLE BRAIN 
RADIOTHERAPY

• LONG TERM 
SURVIVOURS

• COGNITIVE DECLINE

• QOL POOR
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BRAIN METS WITH BREAST CANCER



BRAIN METS WITH LUNG CANCER

10/9/2023 110





NCCN 
GIUDELINES 
BRAIN METS

Limited number (1 – 3) and stable 
systemic disease then surgery or 
radiosurgery or whole brain (with 
RS favored over whole brain) .

Multiple (>3) then whole brain or 
radiosurgery (consider RS if good 
performance and low overall 
tumor burden).
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PITUITARY 
ADENOMAS
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In current clinical practice, single-fraction SRS at doses of 16–
25 Gy may represent a convenient approach to patients with a 
relatively small pituitary adenoma away from the optic chiasm, 

whereas FSRT is preferred over SRS for lesions >2.5–3 cm in size 
and/or involving the anterior optic pathway

Dose and fractionation are usually chosen on the basis of the size 
and position of the pituitary adenoma.

On the evidence available, no data support the superiority of SRS 
over FSRT for the treatment of patients with pituitary tumors. 
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CHORDOMA CASE SELECTION
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CHORDMA SERIES
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GLOMUS JUGULARAE





GLIOMA RECURRENCE-REIRRADIATION

18 Gy SRS salvage
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THANK 

YOU


