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Stereotactic Radiosurgery

A single high d
stereotactically directed to an intra-
cranial region of interest. May be from
X-ray, gamma ray, protons or heavy

parti cl deeksell,1951) ar

Historical Development of Stereotactic Ablative Radiotherapy
Timothy D. Solberg, Robert L. Siddon, and Brian Kavanagh




Stereotactic Radiosurgery (SRS) 1 Stereotactic

Radiotherapy (SRT)

SRS and SRT use a and to irradiate a volume.

(1) Requires an image based volume defined and indexed to a stereotactic coordinate
system.

(2) Planning and treatment delivery indexed to the same coordinate system.

SRS and SRT produce a sharp dose gradient outside the treatment
volume.




Stereotactic Localization

A localizer head frame,
rigidly attached to the
cranium, defines a precise
and rigid frame of reference.

All points within that space
can be referenced to a
unigue coordinate system.

All structures and points

can be identified in all the
iImaging studies that include
the localization frame,
which is uniquely and
rigidly attached to the base
frame.




Principles of Tomographic
Localization




Localization of points







SRS treatment strategy

Position the point or volume to be
treated at the point of convergence or
Intersection of all the beams



Original staraatactic frama

Clarke RH, Horsley VA, On a method of investigating i e
the deep ganglia and tracts of the central nervous V, Giwrie RH: Thestriure md fies o of e vt
system (cerebellum). Br Med J 1799-1800, 1906. g e R

Horsley VA, Clarke RH, The structure and functions of the cerebellum examined
by a new method. Brain 31:45-124, 1908.




A Dr. Lars Leksell (1951) introduced
the concept of Radiosurgery as
the ablation of a lesion by
radiation in a single procedure,
similar to surgery

A Initially used a 200kV x-ray tube

Aln 1968 devel ope =
kni feo
A 179 Co-60 sources
A A spherical cavity covering 60° x 160°




Gamma Knife

201 Co-60 sources
arranged hemispherically
around acommon 6 f o c
point

The isocenter precision
<0.5mm

A system of collimators

(4, 8, 14 and 18mm)
(diameter of 50% isodose level
on a 16cm phantom)

Used for spherical targets
In one isocenter

Helmet with
collimators, outside
treatment position
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Initial application for treatment of artero-venous
malformations (AVM)

What did we do before CT?

Radiographic localization

.
gt




Radiographic localization
requires a reference frame

Images are registered, not

fused. There is nol such

thing as “frameless” 2D
angio localization, and you
cannot “fuse” 2D angios.




Incomplete information

Biplanar localization is sub-optimal




Laser-Angiographic Target
Localizer (LATL)

Used for Angiography to register the nidus to a CT data set







Helmet with
collimators, outside
treatment position

Helmet supports vy
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X-Knife Gamma Knife

A Collimator sizes: 5 to A Collimator sizes:
45 mm in 2.5 mm steps 481418 mm

A Conformal SRT: with A Conformal is only
jaws/circles; mMLC,; attained through
IMRT. multiple isocenters

A Extra-cranial: head and
neck; body localization,
spine localization,
other targets

A No extra-cranial
targets possible



Radiosurgery AVM

Pre-Radiosurgery Post-Radiosurgery

omonths



History

Linac Radiosurgery - 1984

~wm Ty

”

First linac- based SRS system. Betti et al., Buenos Aires, Argentina

Ref: Historical Development of Stereotactic Ablative Radiotherapy, by Timothy D. Solberg, Robert L.
Siddon, and Brian Kavanagh. In S. S. Lo et al. (eds.), Stereotactic Body Radiation Therapy, Medical
Radiology. Radiation Oncology,

DOI: 10.1007/174_2012_540, Springer-Verlag Berlin Heidelberg 2012



Radiation delivery techniques

Arcs with circular collimators
Conformal beams
Arcs with Conformal Dynamic beams

IMRT




Linac SRS with
cones

A One or more
Isocenters

A Multiple arcs per

Isocenter
T Arcs of 100°to 160°

I Fixed couch angle for
each arc

I Spherical dose
distributions for each
irradiacion




Arcs with circular cross sections are
obtained by rotating the source (linac
gantry) in various planes in the patient,
corresponding to various couch angles.




Tertiary Collimation Cone




Collimation

Precision
Adjustments

Retaining Cap

Secondary
Anti-Scatter
Collimator

Prima
Conica
Collimator

Collimated
X-Ray Beam




Linac SRS on Linac
+ cones

A 5-40mm diameter cone set
A Circular beam projection

A Collimator mounted
assembly




Verification of gantry isocenter with cones

| aser alignment




Stereotactic Set-up QA

Winston Lutz Quality Assurance

Phantom Pointer verifies laser
accuracy prior to SRS

Embossed laser lines for easy
alignment with wall lasers

Integrated tungsten sphere for film
verification

Irradiation of film at different gantry
angles

Shadow in field center verifies
accuracy




Ball Centroid: Row = 62.22, Column = 59.38
Cone Centroid: Row = 60.87, Column = 60.66
Distance = 1.86 pixels, 0.35 mm

1

5 10 15 20
Delta X = -1.28 pixels, -0.24 mm
Delta Y = 1.35 pixels, 0.25 mm
Ball Centroid: Row = 60.20, Column = 64.43
Cone Centroid: Row = 60.58, Column = 61.11
Distance = 3.34 pixels, 0.62 mm

5 10 15 20
Delta X = 3.32 pixels, 0.62 mm
Delta Y = -0.38 pixels, -0.07 mm
Ball Centroid: Row = 60.64, Column = 59.42
Cone Centroid: Row = 60.63, Column = 60.49
Distance = 1.07 pixels, 0.20 mm

5.

5 10 15 20
Delta X = -1.07 pixels, -0.20 mm
Delta Y = 0.01 pixels, 0.00 mm

Ball Centroid: Row = 61.96, Column = 61.32
Cone Centroid: Row = 61.07, Column = 61.16
Distance = 0.90 pixels, 0.17 mm
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Delta X = 0.16 pixels, 0.03 mm
Delta Y = 0.88 pixels, 0.16 mm
Ball Centroid: Row = 59.57, Column = 63.07
Cone Centroid: Row = 61.04, Column = 61.16
Distance = 2.42 pixels, 0.45 mm
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10
15

20
5 10 15 20
Delta X = 1.91 pixels, 0.36 mm
Delta Y = -1.48 pixels, -0.27 mm

210°

270°

OO

90°

150°

0.25

0.03

0.62

0.36

0.20

DAB

(mm) 0.24 0.15 0.07 | 0.27 0.0
Vector
(mm) 0.35 0.15 0.62 | 0.45 | 0.20

AAPM TG42: Tolerance = 1mm
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Circular Arc

When to use it?

"

Trigeminal Neuralgia




Planning strategies for SRS with arcs

A Spherical targets:

A Use up to 9 arcs with collimator diameter corresponding to the
target diameter

A Elliptical targets:

A If the major axis is in the coronal plane, eliminate perpendicular
arcs, or use different cone sizes




Circular collimators

Table Angles

310 50




Considerations according to the type
of target

A <34cm
I Circular Cones + Arcs Best
I Sharp Penumbra avoids OAR
I Precise Geometry
I Low Integral Dose to Brain
A 3-6 cm
I (a) XJaws= Jaws and
Cones and Arcs
I Simple
I Low Integral Dose to Brain
I Optimal Conformal Index
I (b) MMLC Okay
I Exact Conformation not an issue.




Conformal Arc BEV




Standard Arc Conformal Arc




Considerations according to the type of target

A <3-4cm
Circular Cones + Arcs Best
Sharp Penumbra avoids OAR
Precise Geometry
Low Integral Dose to Brain
A 3-6cm

I (a) XJaws = Jaws and

Cones and Arcs

i Simple
i Low Integral Dose to Brain
I Optimal Conformal Index
:
|

(b) MMLC Okay
Conformation not the issue.
A >6cm

I PenumbraIncreases, not very effective to use Cones
and Arcs

i Better N-Cdplagar NatimFields
I Need XPlan, OAR, Beam Model

I MMLC necessary.

I 2 °~ Access Reduces | MRT Nee€¢d.




